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JAPANESE PRISON CAMPS. 
By R. Brapiey, A.M.IL.C.E. 


THE author, as an officer in the Royal Artillery, 
was a prisoner of war in Japanese hands from 
February 15, 1942, to the capitulation in August, 
1945. During that time, he was engaged with some 
fellow prisoners on much useful engineering work, 
including the design and construction of artificial 
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show how the prisoners had learned to seize oppor- 
tunities and outwit their guards. 

A few officers had systematically stolen tools 
from the Japanese, while out wich working parties, 
and had smuggled them back into camp, but it was 
so incopvenient to have to hide them whenever a 
guard appeared in the but that it was decided to 
establish a workshop. A Japanese N.C.O., who 
acted as an interpreter, was engaged in conversation 
after a roll-call parade, and persuaded to draw the 








Japanese characters representing “‘ man,” “ dog,” 
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limbs, and in order to equip a workshop for these 
tasks he secretly made a small lathe, which is illus- 
trated, with some accessories, in Figs. 1 and 2, on 
this page. Visitors to the Machine Tool and 
Engineering Exhibition at Olympia in August and 
September, 1948, may remember seeing this lathe, 
which was exhibited on the stand of ENGINEERING in 
the gallery. The overall length is 17 in., and the 
distance between centres is in. The swing is 
4 in. over the bed, 5} in. in the gap, and 2 in. over 
the saddle. The cross-slide traverses for 2} in., 
and the top-slide for 1f in. The top-slide can be 
fixed to the cross-slide in any of three positions, and 
it can be rotated through 360 deg. The lathe, 
together with the accessories illustrated in Fig. 1, 
weighs 30 Ib. 

After nearly a year of captivity, which had 
included service in two working parties in the town 
of Singapore, the author found himself back in the 
Changi Headquarters Camp on the north-east side 
of Singapore Island, where, with fellow prisoners, 
he had first been imprisoned. Much had happened 
in that year, but one short story must suffice to 


“tree,” “house,” etc.; the word “ workshop” 
was easily included and the character was carefully 
noted. It was copied on to a piece of wood, and 
the next changing of the guard awaited. After 
the last round of the guards, the sign ‘‘ Workshop ” 
was hung up in the officers’ hut, and the tools neatly 
arranged so that the new guard found a small 
joiner’s shop functioning and took it for granted. 
After the return to Changi the author was engaged 
in camp routine duties and managed to occupy bis 
time lecturing small groups on engineering subjects, 
navigation and astronomy. Several large parties 
had been sent out into Thailand, and more were 
expected to have to go to work upon the Burma- 
Thailand railway scheme, but when the details 
arrived for the dispatch of more labour the author 
had the good fortune to be ordered to remain in the 
camp to instruct a Japanese General in astronomy. 
The General spoke English very well, and it was 
possible to turn the conversation to put in complaints 
or requests as instructed previously by the British 
Staff. This useful contact with @ senior Japanese 








officer lasted for several months, 


Meanwhile, a small repair workshop which had 
been equipped with a few tools found in the area 
when it became a prisoner-of-war camp, was moved 
into the camp hospital area, and the author was put 
in charge of it to make artificial limbs and surgical 
instruments. During an astronomy lesson the 
General was informed of these activities, and of the 
difficulties occasioned by the shortage of tools and 
materials, with the result that he visited the work- 
shop himself, and a week or two later sent in a few 
hacksaw blades, files, twist drills, a quantity of 





aluminium rivets, and some light-alloy sheeting 
removed from crashed aircraft. The workshop was 
equipped with a 3}-in. backgeared screwcutting 
lathe with a 3-in. self-centring chuck; a Chinese- 
built 6-in. backgeared screwcutting lathe with a 
7-in. four-jaw chuck; a small hand bench-drill; a 
portable forge; and a few vices and hand-tools. 
Unfortunately, there were no change-wheels for the 
lathes. The workshop was staffed by twelve 
R.A.O.C. tradesmen. 

An endless stream of jobs poured into the work- 
shop. They varied from repairs to cooking utensils 
to making sewing-machine needles, from repairs 
to microscopes to making special splints, and at the 
same time experiments were being carried out with 
an artificial leg designed by the author. The patient 
was able to walk with the new limb, which had a 
link-motion instead of a hinge in the knee, and jigs 
and templates were prepared in order to facilitate 
production. Everyone learnt to improvise, and to 
salvage anything that could be of any conceivable 
use. Much useful scrap was handed into the work- 
shop. One officer brought along some gear wheels 
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which were part of a set of change-wheels and were 
found to fit the 3}-in. lathe, while another dug up 
and gave the author some artillery instruments 
(known as “transceivers ””) which had been part of 
the coast-defence guns ; from them some precision 
gears and stainless-steel shafts were obtained. 

Only six artificial limbs had been made, how- 
ever, when orders were received to move the 
hospital, and several weeks elapsed before the work- 
shop was established again, but it was 
as part of the camp establishment and called the 
“* Artificial Limb Factory.” ‘Both lathes were 
installed, also a simple grinding spindle, and through 
the Japanese General a pillar drilling machine was 
obtained from another workshop under his control. 
The workshop was extremely busy and the number 
of surgical instruments which had to be made 
increased week by week, in addition to heavier jobs, 
such as turning 4-in. diameter rolls for rice-crushing 
machines, manufacturing parts for an ingenious 
machine which made nails out of barbed wire, and 
making components for many other labour-saving 
devices. 

The author had given much thought to making 
the best use of the small precision gears, and he 
decided that a small and reasonably accurate screw- 
cutting lathe, with a large range of accessories, would 
fill a growing need and would in any case allow much 
essential work to be continued if at any time the 
Japanese were to take away the larger machines. 
It was important, therefore, that the proposed 
machine should not be seen by the Japanese, that 
it should be small enough to hide and transport in 
a canvas pack, that it should be capable of fairly 
heavy work on large diameters, and that the essential 
parts should be made quickly while some machines 
were available. 

A sturdy bed was the first requirement. En- 
quiries revealed that there was some 3-in. by 
3-in. steel in stock in the Japanese workshops, and 
permission was obtained for a small piece to be 
brought into camp for the use of the Artificial Limb 
Factory. The author had a word with the officer 
in charge of the British personnel in the Japanese 
workshop, and he had the piece cut to the required 
length. The Japanese would have been suspicious 
if an exact length had been specified, and if a large 
piece had been requested some weary prisoner 
would have had the task of carrying it. 

The work was marked out from a dimensioned 
sketch, and the author drilled, and chipped away 
with a cold chisel, all the surplus metal. The bed 
was then bolted to the saddle of the 6-in. lathe, and 
cleaned up with a fly cutter—an operation carried 
out on a Sunday when the workshop was allowed 
to be closed. Thus, in two weeks spare time the 
piece of steel was reduced in weight from about 
33 Ib. to 8 lb. The only available tool suitable 
for use as a surface plate was the ground face of a 
piece of a heavy 6-ft. straightedge, and with its aid 
the top of the bed was scraped flat to receive the 
slides. These were made from a piece of good 
quality steel strip removed from an old R.A.M.C. 
stretcher, cut to length and then filed and scraped 
true before being put aside for a week or two while 
more drill and cold-chisel work was carried out on a 
piece of plate which was to form the lathe saddle. 

The threads were turned off a phosphor-bronze 
screw to leave a piece of stock out of which the 
main bearings had to be made, and its size governed 
the diameter of the mandrel. The mandrel was 
machined from a piece of a lorry half-shaft, and 
although it had been annealed it was a difficult 
job for the only high-speed steel lathe tool the 
workshop possessed. The leadscrew and a brass 
nut were made on a Sunday, and, with a rack and 
pinion from a damaged typewriter, were hidden 
until required. 

The slides were now checked again and found to 
have warped slightly, but after correction they were 
marked out and drilled for fixing screws and used 
as templates for drilling the holes in the bed, which 
were tapped No. 0 B.A. The fitted screws were 
made with slotted heads to facilitate their insertion 

and possible future withdrawal, in case at any time 
it should have become necessary to jettison the 
comparatively heavy bed and to preserve the accu- 


driven in and filed and scraped flush, the top 
surface was very nearly flat and required little 
correction. The rear edge was selected as the 
“master”? edge and checked for straightness. 
Split brass bearings-for the leadscrew were made 
by hand, and when the headstock fixing studs were 
fitted the lathe bed was considered finished and 
work was resumed on the saddle. It was built up 
so that the dovetail for the cross slide could be 
adjusted dead square, without scraping, when the 
machine was running. The cross slide, chipped 
out of a piece of }-in. plate, was therefore set as 
nearly true as possible, and gibs, adjusting screws 
and a }-in. Whitworth feed screw were fitted. 

So far, there was no suitable piece of metal 
out of which to carve the headstock, and while 
arrangements were being made for a piece to be 
obtained from the Japanese workshops the top 
slide was added to the assembly and ball handles 
were made and fitted. The leadscrew and complete 
apron had been fitted by the time a piece of steel, 
4 in. by 3 in. by 3 in., had arrived, but after so 
many hours of drilling, chipping, filing and scraping, 
the author decided to try casting a headstock 
instead. 

The workshop had developed considerably by 
this time, and several aluminium brackets, pulleys 
and bearing housings had been cast in sand 
bonded with chopped grass. In order to produce 
a dense casting, a deep mould was bent up out of 
16-s.w.g. steel (part of a barrack-room locker) into 
the form of the headstock as seen from the front. 
This U-section mould was stood on end on the 
ground, sealed with clay and surrounded with sand, 
and pouring commenced. It was a complete 
failure. The furnace consisted of wood burning in 
an enclosure of red-hot bricks, and owing to difficulty 
in pouring, more molten aluminium went on to the 
floor than into the mould. However, a second 
attempt with the mould supported in a large mass cf 
clay was successful, and there were no blow-holes 
apparent in the lower portion of the casting which 
was sawn off. ‘The external surfaces were faced 
in the lathe and the remainder trimmed up with 
saw and file, making a very satisfactory headstock 
in a short time. The job was then set up on the 
cross-slide of the 3}-in. lathe, and, with the caps in 
position, bored for the phosphor-bronze bearings. 
They were bored in situ, the mandrel was fitted, and 
provided with a temporary aluminium pulley, and 
the headstock bolted in place on the bed. 

This stage of the work was very interesting, 
and the author spent every available minute 
making the many small parts still required to 
complete the machine. A No. 0 Morse-taper plug 
was made on the 3}-in. lathe and the same taper 
was turned on some short lengths of }-in. bar 
which were to serve as test pieces when adjusting 
the lathe. With the machine incomplete there 
was no time to scrape in the bearings to a perfect 
fit, and after a short period of running-in on the 
drilling-machine table, with the mandrel driven 
by a leather bootlace, it was decided to bore the 
mandrel in situ to fit the taper gauge. It was then 
possible to turn a test piece, and the headstock was 
adjusted until the machine turned parallel within 
0-00025 in. on a 2-in. length: There was a piece 
of 1-in. steel plate in the scrap box, and, by drilling 
a circle of holes in it, the blank for a faceplate was 
obtained. This was chucked in the 6-in. lathe, 
machined all over, and tapped in. Whitworth 
to suit the mandrel nose, but it did not run truly 
when fitted and had to be corrected by very light 
cuts at a low speed. A light cut across the face 
produced a slight concavity, and as this was desirable 
the remainder of the screws holding the cross-slide 
dovetail to the saddle were fitted. 

The next problem was the construction of the 
tailstock, which had to be made of two pieces of 
steel dovetailed together, but the joint was made 
to serve as the set-over slide for taper turning. 
Into the lower piece the cam-locking device for 
clamping the tailstock was fitted, and a tenon 
piece was added to fit between the main shears 
of the bed. The upper portion was carved out by 
hand, the rectangular bosses, one of which can be 
seen in Fig. 1, being left to take a screw adjustment 
for the tailstock Set-over—a refinement that was 


bed, between the headstock and the saddle, so that 
the latter could provide the feed in the operation 
of drilling and boring the tailstock barrel. Due 
to the overhang of the tool, which had a single 
cutter fixed by a setscrew, the finish of the bore 
was poor, but rather than make a new and longer 
bar and a steady-bearing for it, it was decided to 
enlarge the bore and bush it. A bronze bush was 
bored and turned to fit, and after being pressed 
into the barrel in a vice it was reamed to }# in. 
with one of the four reamers the workshop possessed, 
and so the job was made satisfactory without undue 
delay. The following Sunday, the only day on 
which the 3}-in. lathe was available for any length 
of time, the tailstock spindle was machined, and 
threaded with a left-hand square thread ; a keyway 
was “shaped ”’ along the length of it, and a hole 
bored right through. Then a bronze nut was made 
to suit and, while still in the chuck, the spindle 
was screwed into it and bored No. 0 Morse taper 
to the gauge. 

This work had been spread over a period of six 
months, and although still lacking a backgear, the 
new machine could now be used. Before driving 
gear could be made, however, the Japanese ordered 
an early evacuation of the area, which was wanted 
in connection with the development of their new 
aerodrome. The hospital was divided into two, 
and the section which was to have the workshop 
was ordered to a site in the vicinity of the Changi 
gaol. The 6-in. lathe and most of the heavier tools 
went to a new camp maintenance workshop, but 
after a few weeks the artificial-limb factory was 
re-established in a newly-erected hut thatched with 
atap leaves. The workshop staff helped in the 
building of the hut, and arrangements were made 
for installing the new lathe in a screened-off corner 
which was to be the “ tool-room ”’ and office. 

The 3}-in. lathe was first set up, and the counter- 
shaft was mounted on a timber framework built on 
heavy timbers driven into the earth floor, and the 
motor was fixed on a platform below the shaft. 
Behind the motor was fixed a 12-volt car dynamo 
and cut-out (which appeared to the layman as part 
of the lathe driving gear); the leads were “ lost ” 
among the general wiring of the building and so 
conveyed to the office to two 6-volt accumulators 
(spares from the operating-theatre emergency- 
lighting set) which were kept charged up. This 
source of power, which was always available, 
drove another car generator as a motor. A switch 
was made to control the motor field, giving four 
speeds, an “‘ off” position, and an induction brake, 
and the motor spindle was fitted with an aluminium 
three-step V-pulley made to match that on the lathe. 
The lathe was mounted on a wooden base and 
fastened down on the bench in contact with back- 
stops by a single woodscrew through the front of 
the base at the headstock end. The motor was 
pivoted on its fixing lugs, so that its weight kept 
the belt tight, and yet the arrangements permitted 
the lathe to be removed quickly in the event of a 
Japanese guard coming into the workshop. When 
not in use the machine was housed in a wooden 
box with a drop-front, kept on a shelf in the tool 
cupboard, and experience showed that it could 
be whipped off the bench and moved about 4 ft. into 
its box in a matter of seconds. In their searches 
of the camp for wireless sets—searches which 
became more frequent as the war turned in the Allies’ 
favour—the Japanese were furious if they uncovered 
anything, no matter how innocuous, which they 
suspected had been hidden from them, so if everyone 
were ordered out on parade at an unusual time 
the author left cupboard doors open with the 
toolboxes on view. 

The Japanese Command had been changed by 
now and the camp was completely reorganised. 
Rations were worse than ever, and many petty 
restrictions, which seemed calculated to annoy, 
were imposed on the prisoners, and it became neces- 
sary to proceed very cautiously to avoid beatings. 
The Japanese used to punish prisoners for breaking 
rules by locking them up, handcuffed, in a cell with 
practically no food. An officer of the British Staff 
managed to get possession of the handcuff key for 
about half-an-hour and sent it to the author who 
measured it, made a lead pattern of the peculiar 








rate slides and the components made to fit them. 
When the fitted screws and some dowels were 


never provided. The tailstock was assembled on the 


thread within the sleeve, and returned the key 
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unmarked. Two days later, British Headquarters 
had five handcuff keys, and they were henceforth 
able to release the “criminals” for several hours 
a day. 

A routine job which the author undertook was 
the calculation of a tide-table so that the camp 
authorities could detail in advance the guards to 
escort a small daily bathing party. Few people 
seemed to know of this tide-table, which was always 
available for a month or so ahead, but on occasions 
there were remarks to the effect that it was mar- 
vellous that no matter what time of day the parade 
was ordered the tide was always up. 

With the workshop in production again, it was 
obvious that the small lathe would have to be com- 
pleted quickly, and so one evening after roll-call 
the backgear pinions were cut with a fly cutter. 
The 18-teeth pinions were made integral with the 
bronze sleeves, and were designed to mesh with a 
pair of 48-teeth wheels which had been taken from 
a cinema projector when the lathe was first planned. 
The blanks were mounted together on a mandrel, 
clamped in hardwood V-blocks on the saddle of the 
34-in. lathe, and indexed by a suitable gear wheel 
pinned to the mandrel. After a few more hours 
fitting, the small lathe with its four-speed electrical 
drive had 24 spindle speeds between about 50 and 
2,000 r.p.m. 

There were no longer any aluminium rivets avail- 
able, and as rivets were required in the assembling 
of the artificial limbs, and increasing numbers were 
needed for the maintenance and alterations to the 
many appliances which were in use by this time, 
rivets had to be made out of copper salvaged from 
overhead transmission lines. Here was an obvious 
production job for the new lathe, and so the mandrel 
was bored right through ¥ in. diameter (with a 
long D-bit made for the job) to clear the copper rod. 
A simple collet chuck and some collet blanks were 
made on the machine itself. Thereafter, the supply 
of rivets kept pace with the demand, but it was not 
long before the new machine was overloaded with 
jobs that had had to be refused previously. The 
solution was to provide the four-tool turret with an 
indexing plunger and to make a four-station tailstock 
turret. The button which releases the turret for 
manual indexing is just below the underside of the 
tailstock turret. There was a substatial increase 
in the quantity and quality of workshop produc- 
tions, as components which had only been filed 
where necessary could now be machined in the 3}-in. 
lathe, and there was no waiting for small parts to 
be made. The number of special tools and acces- 
sories for the new lathe increased week by week, 
and several spares, such as nuts for the leadscrew 
and feed screws, were machined ; the bearings were 
scraped true, felt wipers were fitted to the saddle, 
and much thought was given to the problem of pro- 
viding the new machine with an efficient chuck. 

Permission was given for a piece of metal to be 
supplied by the Japanese workshop, and as the 
result of a quiet talk with a colleague the metal 
arrived rough machined, tapped $-in. Whitworth, 
and with two diametral slots } in. wide cut at right 
angles. One evening after roll-call parade, a cast- 
steel T-slot cutter was “shaped” on the 3}-in. 
lathe ; next morning the cutter was hardened and 
tempered and that evening the T-slots were cut in 
the chuck body. The chuck jaws were milled with 
a fly-cutter in the small lathe, then clamped base to 
base on the faceplate and the left-hand square 
threads cut in them. Screws and horn blocks were 
made to suit. The jaws were made of annealed 
high-speed steel, and although, in any case, they 
could not be hardened in the workshop, they were 
considered hard enough as they were and the chuck 
was assembled. 

Any temporary handles and levers on the machine 
were now replaced by new ones made on it from 
stainless steel which had been obtained from the 
shafting of a gun mechanism, and a big improve- 
ment was effected by removing the tumbler reverse 
and replacing it with a constant-mesh reversing 
gear, with sliding dogs, on the leadscrew. The 
basis of this gear is a small differential, and the 
shift lever visible in the illustrations operates in a 
gate with “left-hand,” “neutral,” and “ right- 
hand ” positions. The half-nut locking device was 
modified, and the machine pronounced complete, 
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some refinements intended from the beginning of 
the project having seemed to be unnecessary. Once 
again, however, the author was wrong, and more 
accessories had to be made. 

Allied bombers were now in evidence, and the 
Japanese reacted to the threat of invasion by 
imposing more restrictions on the camp. Rations 
were still further reduced, and nearly every man 
who was not actually in hospital or crippled was 
taken to work as a navvy on:military defensive 
points. There were many rumours of what was in 
store for the prisoners, and one of the least gruesome 
was that, at the first sign of Allied activity, they 
would be herded within the walls of Changi gaol. 
Any bombarding of Singapore would probably have 
resulted in the power supply to the camp being 
cut off, and with it the carefully organised radio 
news service, which at such a time might have been 
the means of receiving important instructions from 
the Allied forces. . 

A battery set was therefore designed by the 
experts, and arrangements were made for the 
materials for the primary cells to be taken into 
the gaol with some medical equipment. The 
author was consulted on the, mechanical details 
of the set, which had to be housed within the leg 
of a small table, and when machining the compon- 
ents in the small lathe the accumulator power 
supply enabled him to work silently when the 
workshop appeared deserted, without even his 
closest friends suspecting that he had any con- 
nection with the secret wireless “ring.” One of 
the hidden mains sets was operated by a screw- 
driver, pushed through a knot-hole in a hollow 
beam, but in the new set the author was able to 
reduce the hole diameter so that it could be mis- 
taken for a worm hole. A tool-post grinder had to 
be made, but it was a simple job as a 14-in. diameter 
abrasive wheel was available, and also some small 
ball races salvaged from an instrument. When 
completed, the spindle was driven at 8,000 r.p.m. 
from a large wooden pulley on a fan motor fixed 
to a beam 6 ft. above the lathe, and the belt was a 
length of gut carefully removed from an old tennis 
racquet. A fine taper reamer of about 3 deg. taper 
was made—the flutes being “shaped” out—and 
after hardening was true. Some pieces of 
steel wire about in. diameter had one end hard- 
ened and ground to the same taper. The spindles 
of the main condenser and trimmers (which com- 
plete occupied a space of only 4 in. by 2 in. by 2 in.) 
were bored axially and reamered with the special 
taper reamer, so that the wireless operator had 
merely to bend one of the wires to a right-angle, 
poke the pointed end through the “ wormhole,” 
engage the taper and turn the wire to tune 
the set. 

While this work was going on in secret, the new 
lathe was used to great advantage in the workshop 
and many ‘“tool-room” jobs were done. The 
workshop taps and dies were in very bad condition, 
and on the little lathe quite serviceable replace- 
ments were made of }-in. 20-t.p.i. and 4 -in. 24-t.p.i. 
sizes. At the same time, one of the workshop staff 
made excellent small files by hand, and also many 
short twist drills, the spiral flutes of which he filed 
out with specially made files. 

When the Japanese eventually capitulated the 
lathe was equipped with a large range of tools, 
hollow mills, drills, boring tools, and stainless-steel 
box-keys and spanners. A special turret for the 
boring tools was included, also a simple indexing 
device (not illustrated), which fitted on the threaded 
extension of the mandrel. A member of the work- 
shop staff made the drip tray in stainless steel, and 
another made the very necessary aluminium-pulley 
and belt guards and the swarf cover for the lead- 
screw. About 600 hours were spent by the author 
in building the machine and its accessories, but it 
was time well spent in view of the many hundreds 
of hours of work carried out on it in the two years 
it was in use. 








RaILWAY-WaGON BUILDING IN ROYAL ORDNANCE 
FacTorigs.—It has been announced that the construc- 
tion of railway wagons at Royal Ordnance Factories 
will be discontinued in May, 1949, as it is considered that 
the wagon shortage which prevailed in 1945-47 has now 
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Heat. By PROFESSOR ARCHIE G. WORTHING and’ Davip 
Hawumpay. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York, U.S.A. [Price 6 dols.] ; and 
Chapman and Hall, Limited, 37, Essex-street, Strand, 

London, W.C.2. [Price 36s. net.] 

Tue authors; who are, respectively, the professor 

and the assistant professor of physics in the Univwer- 

sity of Pittsburg, have surveyed in this volume the 

various phenomena of heat and radiation in a 

manner suitable for the instruction of students of 

physics, chemistry, metallurgy and engineering. 

Although the wideness of the field covered precludes 

the fullness of treatment that might be desired by 

specialists in any particular branch of science, the 
book is well adapted to convey the knowledge of 
fundamentals and the breadth of outlook so requisite 
as a basis for subsequent specialisation. The treat- 
ment throughout is designed to impress upon the 
student the experimental facts that lie behind so 
many of the terms and symbols that he uses, and 
his interest in the development of the subject should 
be enhanced by a mention, in the appropriate con- 
text, of the name, nationality, span of life, and 
scene of activity of every man who has contributed 
notably to the science of thermodynamics. This 
emphasis on the experimental determination of the 
properties of heat is a distinctive feature of the 
book. Outline drawings of the apparatus devised 
by various investigators are given, with sufficient 
descriptions to render the principles clear. Apart 
from this, there is not a great deal of practical 
interest to the engineer. Heat engines, from 

Savery’s steam pump to turbines, internal-combus- 

tion engines, and refrigerating machines are all dis- 

posed of in a single chapter of less than 50 pages, 
in which room is also found for a consideration of 
the human body as a thermodynamic machine. 

Hard physical labour is said to involve a heat con- 

sumption from 3,500 to 5,000 calories per day of 

eight hours, about 20 per cent. of this heat re-appear- 
ing in the form of mechanical work. In a similar 
way, the next chapter, on the convection of heat, 
leads on to a discussion of meteorological and 
atmospheric phenomena. The book closes with 
several appendices, including a full exposition of 

Maxwell’s distribution law for molecular velocities 

which was assumed in the chapter on the kinetic 

theory, and a number of useful tables. Finally, 
there are the answers to the numerous problems set 
for the student at the ends of the chapters. 








Industrial Weighing. By Dovetas M. CONSIDINE’ 
Reinhold Publishing Corporation, 330, West 42nd- 
street, New York, U.S.A. [Price 10 dols.]; and 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 60s. net.] 

LrrERATURE dealing with weighing is scarce; an 

unfortunate fact, for weighing in one form or another 

enters into the life of everyone. The manufacture, 
installation and repair of scales is a small industry, 
and the number of people with technical knowledge 

of the subject is limited. There has always been a 

marked reluctance among these specialists to commit 

any of their technical knowledge to paper; conse- 
quently, when a book on weighing does appear, it 
warrants the fullest consideration. The book under 
review approaches the subject in a way which has 
much to commend it. The author is a chemical 
engineer, and he deals with weighing from the point 
of view of the user rather than that of the scale 
technician. By so doing, he appeals to a much 
wider public. The fundamentals of scale engineering 
are universal and few in number, but the methods 
of applying the principles and the trade terms and 
practices vary in different countries. American 
practice differs in many ways from British, and the 
reader of this book must be prepared for a purely 

American approach; but this is not a real dis- 

advantage, for, broadly speaking, it is only in detail 

that variations will be found. The user is really 
more concerned with the possibilities and limitations 
of scales than with the detailed methods by which 
results are achieved, or the trade terms and practices 
used in the industry. 

The book is in two sections, Part I dealing with 





been overcome. 


basic principles and the types of scales made, and 
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Part IT with the use of scales in industry. Basic 
principles and types are simply but effectively dealt 
with and due consideration is given to ticket- 
printing and counting scales, which are likely to 
become increasingly important. Automatic control 
of ‘feeding devices by scales, in order to provide 
predetermined loads of material at the required 
intervals, or to effect a continuous and uniform 
feed, are given the prominence they warrant. 
There is no attempt to enter into theoretical con- 
siderations at any length. The types of scale are so 
numerous that it would be impracticable to deal 
with every known variety, even briefly, but it is a 
little surprising that the author dismisses the spring 
seale by saying that its principle is so well known 
as to need no description. Properly designed and 
constructed, a spring scale can be a useful and 
reliable instrument, and some notes on this type 
would have been an asset to the book. 

In Part II, the author set himself the difficult 
task of dealing with as many industries as possible 
and giving just enough information about the 
various processes to show why weighing at a 
particular point is necessary. He has succeeded 
well, and has avoided the obvious pitfall of writing 
a treatise on each industry, which would over- 
shadow his principal theme of weighing. This 
section shows how widely spread is the practice of 
making the scale do more than merely weigh; it 
is made to print the weight, or, by means of suitable 
controls, it can be the pivotal feature of a whole 
process. A valuable and unusual feature is the 
glossary of seale-trade terms. Though confined to 
American practice, this should be of particular 
value to scale technicians in this country who are 
interested in the industry across the Atlantic, and 
it can be studied with advantage by any user of 
seales. It could be improved, perhaps, by the 
omission of such purely engineering terms as Young’s 
Modulus, definitions of which are easily found 
elsewhere. The book is liberally illustrated, though 
many of the half-tone blocks are obvious catalogue 
material. A good index completes a well-planned 
and authoritative volume. 





The Measurement of Stress and Strain in Solids. The 
Institute of Physics, 47, Belgrave-square, London, 
S.W.1. [Price 17s. 6d. net, by post 10d. extra ; price 
in the United States, 4 dols., including postage.) 

In July, 1946, the Manchester and District Branch 
of the Institute of Physics resumed its pre-war 
practice of holding a two-day conference on some 
subject of common interest to scientific workers in 
industry and the universities. The choice of strain 
measurement as a topic was appropriate, as dealing 
with important applications of physics to experi- 
mental engineering, but even more so because of 
some remarkable developments that had taken 
place during the war, of which industrial scientists 
were aware but, for the most part, were unable to 
use with confidence through ignorance of the 
technological details involved. A significant part 
in such developments in this country, as regards 
either improved apparatus or experimental tech- 
niques, was taken by scientists in Government 
research laboratories, several of whom were among 
the authors of ten authoritative papers upon which 
the Conference proceedings were based. These 
collected papers, along with summaries of the dis- 
cussions, have now been published in a compact and 
well-illustrated volume which is a worthy addition 
to the “‘ Physics in Industry ” series. 

The device which received most attention, 
doubtless on account of its attractive possibilities 
and wide scope of application in engineering, was 
the wire resistance strain gauge. Its general charac- 
teristics, including the effects of electrical and 
other physical properties, and of adhesion and 
variable mechanical factors, were comprehensively 
surveyed and supplemented by an analytical study 
of the uses of gauges in combination for the determin- 
tion of component strains. Other papers were 
concerned with the sensitivity of wire gauges fed 
with high-frequency alternating current, and with 
the principles underlying electronic circuits and 
instruments for amplifying and recording electrical 
strain signals, while notes on the use of acoustic 
as well as wire resistance gauges for measuring 
structural strains iu ships were instructive from the 


practical standpoint. Among other electrical 
methods of strain measurement, attention was 
devoted mainly to those depending on change of in- 
ductance orcapacitance; magneto-striction devices, 
brittle-lacquer techniques and a variety of mechani- 
cal strain gauges were only briefly mentioned. 

The rest of the Conference was taken up with an 
admirable survey of recent developments in photo- 
elasticity, which evoked constructive discussion 
about time-edge stresses and the photography of 
fringe patterns; and a useful study of strain 
measurement by X-rays, to which has been appended 
an interesting note on X-ray investigation of residual 
stress. The potential importance of this particular 
application of physics in engineering is typical of 
the whole Conference proceedings. They have been 
carefully edited to present a great deal of informa- 
tion in compact form and clear language, and the 
resulting book can be recommended for study and 
reference by engineers and physicists concerned with 
the properties and performance of structural 
materials, 





THE ENGINEERING 
OUTLOOK. 


I.—RETROSPECT AND PROSPECT. 


Virwinc the future at the height of the economic 
blizzard which hit Britain in 1947, the only certainty 
was that 1948 would be a year of struggle. Strong 
efforts were necessary to redress the adverse trade 
balance, then running at 600/. millions per annum, 
and it was evident that a very large share of the 
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most optimistic ihe: of the planners. Tables I 
and II, herewith, show the results of the export 
drive to date. The conversion to 1938 prices is 
achieved by applying the relevant index of metal 
goods prices as given in the Monthly Digest of 
Statistics. It will be noted that by October, 1948, 
for all the categories listed, the targets for the end 
of 1948 have been virtually achieved, and in one 
instance comfortably surpassed. A typical example 
of the engineering industry’s export performance is 
afforded by the motor-vehicle industry, which was 
set the task of exporting 75 per cent. of its output, 
as against the 15 to 20 per cent. exported before 
the war. Exports of cars and chassis in 1947 
amounted to 38-11. millions, and in the first ten 
months of 1948 to 49-41. millions. The proportion 
that has gone to “hard-currency ” countries has 
increased rapidly ; in the first quarter of the year, 
7-5 per cent. of the industry’s exports went to hard- 
currency countries, and in the first six months, 26-5 
per cent. In 1947,only 2 per cent. of exports went to 
the United States and 3 per cent. to Canada, com- 
pared with 9 per cent. to the United States and 5 per 
cent. to Canada in the first ten months of 1948. 

The export success of the British engineering 
industry has been due in no small part, of course, to 
the prevailing dollar shortage. 
difficulties of the type facing Germany and Italy, 
and political difficulties such as are besetting France, 
have been absent. American producers, apart from 
the adverse effects of the dollar problem, have also 
had to contend with a steel shortage. These 
advantages are, no doubt, temporary, but are in 
most cases likely to continue for several years. On 
the other hand, one instance can be cited already 


TABLE I.—VALUE OF EXPORTS OF MANUFACTURES OF METAL PrRopuUCcTsS (1,0001.). 
































1938. 1946. 1947. ’ 1948.° 
te Current 1938 Current 1938 Current 1938 

Prices. Prices. Prices. Prices. Prices. Prices. 

Iron and steel, and manufactures thereof ..| 41,556 80,021 44,450 84,298 | 40,140 85,714 37,270 

Non-ferrous metals, and manufactures anes 12,339 37,625 20,900 40,384 19,230 43,155 18,760 

Cutlery, implements, instruments, etc. 9,028 26,901 14,950 35,299 16,810 35,164 15,290 

Electrical goods and apparatus .. oe --| 13,430 37,735 20,960 49,425 23,530 59,595 25,040 

Machinery .. és ie ee ae --| 57,868 113,800 63,222 180,545 85,970 207,038 90,020 
Vehicles ‘dniiating locomotives, ships and air- 

craft) .. ne ne ma pe --| 44,627 114,998 63,333 168,098 80,050 200,758 87,280 





* January to October. 


burden would have to be shouldered by the engineer- 
ing industry. Total monthly export targets for the 
end of 1948 were fixed at 150-51. millions, and of this 
66-651. millions was to be provided by metal manu- 
factures. For total exports, the increase in volume 
as compared with 1938 was 54 per cent.; but for 
metal manufactures the increase was 101 per cent. 
This effort, moreover, was required at a time when 
the engineering industry, owing to lamentably 
inadequate supplies of steel, was totally unable to 
cope with existing demand and was working at no 
more than two-thirds capacity. Much of the plant 
in use was due for replacement, but so desperate was 
the need to export that it was found necessery to 
reduce gross investment in plant scheduled for 1948 
from 775l. millions to 6201. millions. Individual firms 
were warned that steel supplies would be allocated 
more on the basis of export performance than, as 
formerly, on pre-war consumption. Regional 
Export Committees (set up under the Committee on 
Exports, presided over by the Secretary for Overseas 
Trade) were to co-ordinate and assist exports at a 
regional level, and to devote special attention to the 
manufacture and distribution of engineering com- 
ponents, and to the use made by individual concerns 
of their steel allocations. Such a policy brought a 
legion of attendant difficulties. What would be 
the impact on costs ? Would industries subject to 
rapid changes in technique keep abreast of foreign 
competitors if essential new capital outlay were 
denied them ? On the side of marketing, were there 
not signs that, for many products, the post-war 
seller’s market was already on the wane? How, 
moreover, did Britain’s export programme fit in 
with the arrangements of the Office for European 
Economic Co-operation—in other words, the Mar- 
shall Aid authorities ? 

With whatever misgivings the industry entered 





1948, actual achievements have amply fulfilled the 





TaBLE II.—Comparison of Exports of Manufactures of 
Metals and Metal Products. 


(Per cent. of 1938, on basis of 1938 prices.) 








Target | October 
— 1947. | 1948.* | at End . 
of 1948,| 1948. 
Tron and steel, and manu- 
factures thereof aa 96 108 111 127 
Non-ferrous metals and 
manufactures thereof . . 156 183 207 200 
Cutlery, implements, in- 
struments, etc. ‘ 186 203 213 210 
Electrical goods 4 and ap- 
paratus = 175 220 252 250 
Machinery * 148 187 206 200 
Vehicles (including loco- 
motives, —_ and air- 
craft . ; 180 231 255 250 

















* January to October, 1948, compared with January to 
October, 1938. 
of German competition having adverse effects on 
British supplies in world markets. A British firm 
found themselves driven out of the Indian market 
for chaff-cutter blades because the Germans were 
able to supply the product at a price about equal 
to the cost of the raw steel to the British manufac- 
turer. This, however, is a purely local example, 
due to the vagaries of the exchange system as applied 
by the occupying authorities. As for the dollar 
shortage, it is a matter of debate whether this may 
not be a permanent feature of the post-war world. 

Perhaps the best guarantee of the permanency of 
demand for British engineering products is to be 
found in the small proportion of the world market 
that it will be necessary for many of these products 
to hold. The motor-vehicle industry is again a good 
exemple. The British output of cars is now ap- 
proaching 350,000 a year, but consumption of new 
cars in America alone in 1947 was not far short of 
four millions: If as much as half of the British 
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output were exported to the United States, this 
would represent less than 5 per cent. of that coun- 
try’s eonsumption. Since, moreover, British cars 
offer certain advantages, such as small size and 
consequent ease of parking in urban areas, there is a 
reasonable chance that a permanent demand for a 
small proportion of them will be found in the United 
States market. 

The contribution which the engineering industry 
is making to the European Economic Co-operation 
programme can be regarded as something apart 
from the effort to close the gap in the balance of 
payments. To some extent, exports to the other 
participating countries represent a real sacrifice on 
the part of the British people and the benefits 
derived are largely indirect. Export of metals and 
engineering products to the O.E.E.C. countries in 
Europe have steadily increased. In thesecond half 
of 1947, they were of the order of 14-81. millions per 
month; in the second quarter of 1948, some 
17-91. millions per month; and, in August, 1948, 
18-81. millions, or 28 per cent. of the end-of-1948 
export target of these products to all countries. 
The industry has thus done all that could be ex- 
pected of it in the export field, but whether this 
has been accomplished without engendering internal 
strains will be discernible only from an examination 
of productive activity. Output figures for the 
engineering industry as a whole are not available, 
but the random sample of representative products 
given in Table III, on this page, points to a fairly 
considerable increase in output in 1948 as compared 


TABLE III.—Output of Some Representative Products of 
the Engineering Industry (Monthly Averages). 





_- 1946. 1947. 1948,* 





Metal-werking machine toolst - i 3,734 3,602 


Wood-working machine toolst 1,338 1,436 
Passenger cars a a .-| 12,264 | 23,917 | 20,066 
Commercia] vehicles oe ..| 12,177 | 12,889] 14,056 
Wagons we 3,279 3,176 3,788 


Tractors, agricultural typet --| 2,400 4,832 9,146 
Hosiery, lace and embroidery 

machinery ey oe <a 178 245 402 
Other textile machinery and Acces- 
2,081 | 2,997| 4,021 


soriest 7 6% ot ce 
Rotating electrical machines,t 1 to 
_ ss rn 7” aid 912 1,031 1,627 
Stationary internal-combustion 
engines .. aS ” --| 10,226 | 18,549 | 21,492 














* Calculated usually on first nine months. 
t Deliveries, 


with 1947. Again, results give cause for reasonable 
satisfaction ; but it might be held that, but for an 
unexpectedly high level of steel production in 1948, 
there would have been a different outcome. 

Viewing the future at the end of 1947, it seemed 
unlikely that supplies of steel during 1948 would 
exceed 14 million tons, and this view was endorsed 
by the White Paper on Capital Investment (Cmd. 
7268), in which it was stated that ‘‘. . . there is no 
immediate likelihood of any increase [in output] 
until new steel plants can be brought into opera- 
tion.” Exceptional efforts by the iron and steel 
industry, however, completely changed the outlook. 
In November, 1948, the output of steel ingots and 
castings reached an average weekly rate of 303,000 
tons, which is an annual rate of 15-76 million tons. 
This has meant a considerable improvement in the 
position of the steel-using industries. The full 
effects of the new high level of steel output could 
not have been felt by the engineering industry, how- 
ever, till the middle of 1948, as there is a considerable 
time-lag between delivery of the finished steel and 
output of the final product. On a conservative 
estimate this would probably be about six months, 
made up of three months’ average stock and three 
months’ production period. Output in January, 
1948, therefore reflected the weekly average steel 
ingot and castings output of 250,000 tons in mid- 
1947, and it ‘was not till July or August, 1948, that 
the weekly average steel output of 280,000 tons at 
the beginning of 1948 was felt. On the same 
principle, the foundation for an increased engineer- 
ing output in 1949 has already been laid. Table IV, 
herewith, gives some indication of the improvement 
in steel supplies. , 

In 1948, the motor-vehicle industry was able to 
operate at about 70 per cent. capacity instead of 
60 per cent., asin 1947. The chairman of the Renold 
and Coventry Chain Company, Limited, at their 


annual general meeting, on August 5, 1948, was able 
to state that “.. . supplies of steel exceeded the 
original anticipations, and the rate of production 
closely approached present capacity. In addition, 
some small but much needed improvement was 
achieved in stocks.” This experience was common 
for consumers of steel in the low-carbon category, 


TABLE IV.—Supplies and Consumption of Steel (Annual 
Rates) (1,000 tons). 





Produc- | Imports, Exports,| Available* 
tion, Steel| Ingots, | Ingots, Stocks Apparent 
— Ingots Blooms | Blooms | at End | Consump- 

an an and of tion. 
Castings. | Billets. | Billets. Year. | 








1938 ..| 10,392 23 10 _ 10,405 
1044 ..' 12,120 297 _ 1,684 12,904f 
1945 ..| 11,796 36 1 1,224 12,291 
1946 ..| 12,684 75 5 1,068 12,910 
1947 ..| 12,480 112 4 797 12,859 
19483 ..| 14,768 22 5 1,000 14,582 

















* Excluding stocks held by consumers. 

+ Consumption from stocks in 1944 was 487,000 tons. 

¢~ Annual rate calculated from first ten months; stocks 
estimated. 
but the manufacturers of products requiring special 
grades of steel, and more especially high-tensile 
wire, have been particularly hard hit by shortages. 
The chain-making firm of Job Wheway and Son, 
Walsall, had to shut down in July for a week 
through inability to obtain supplies of steel wire. 
There were complaints, too, about the distribution 
scheme. The chairman of N. Greening and Sons, 
Limited, in a reference to their wire-making sub- 
sidiary, stated that the distribution scheme set up 
within the industry had not worked. 

Complaints about the distribution scheme from 
the industry as a whole, however, have been less 
frequent in 1948 than in 1947; but this has been 
the result rather of the easing of the supply position 
than of any inherent advantage in the scheme itself. 
By September, 1947, there was a gap of some 
2,000,000 tons between existing allocations, “‘M” 
forms, and available supplies, but it was not until 
the end of the first quarter of 1948 that a new scheme 
was introduced. This new scheme, moreover, em- 
bodied no substantial departure from existing 
practice. The old authorisations were simply 
allowed to lapse at the end of the quarter and fresh 
ones on new forms were issued. In making the new 
authorisations, departments took care not to allo- 
cate to firms more steel than they were entitled to 
allocate by the decision of the Interdepartmental 
Materials Committee. While this measure elimin- 
ated much of the excess authorisation, and conse- 
quently deprived the steelmakers of their former 
discretionary powers in allocating supplies, it was 
by no means certain that the new control gained by 
the departments could be exercised by them to 
ensure maximum economy in the consumption of 
steel and optimum smoothness in distribution. To 
estimate with accuracy the amount of steel required 
for particular finished products is, obviously, a 
difficult task, and steel obtained by the manufac- 
turer in excess of his requirements will find other 
outlets. To ensure that steel is devoted only to 
those uses which can be held to be in the national 
interest would, under the present system, pre- 
suppose a large inspectorate. The departments 
themselves, applying such standards as export 
potentiality and market possibilities in hard-cur- 
rency countries to discriminate between various 
sections of the engineering industry, must have 
found great difficulties in making allocations between 
firms. Indeed, it has been argued that the only 
really effective means of restricting consumption to 
planned specific uses is to control the quantities of 
the finished product, and this could not be done 
without controlling the available labour. This 
method, moreover, would not be open to the criticism 
of the present scheme, that it gives no indication of 
the consumption of steel for particular purposes, 
information which would be of immeasurable assist- 
ance in further planning. 

The development plan of the iron and steel indus- 
ly designed to give a capacity of 


try was originall 
16 million tons by the early 1950’s. This compares 
with a figure of 18 million tons which has been 





agreed as a reasonable estimate of probable require- 
ments at that date. There are, however, four 





reasons for expecting a substantially higher output. 
Firstly, the conversion of approximately 25 per cent. 
of the steel-melting capacity of the country to oil 
refining, a process which results in quicker melting 
has meant a higher output; secondly, the agree- 
ment for the continuous working of plant in steel- 
melting shops has added about 750,000 tons to the 
effective capacity of the industry; thirdly, it has 
become an economic proposition to retain plant in 
operation which would otherwise have been dis- 
placed, particularly since the cost of new plant has 
risen more than proportionately to the general 
price level and is out of all relation to the price of 
steel; finally, the implementation of the Iron and 
Steel Development Plan has, in practice, almost 
invariably resulted in the construction of greater 
capacity in the detailed schemes than was originally 
envisaged. These new developments make it prob- 
able that, in the early 1950’s, an annual output rate 
of 17-5 to 18-0 million tons will be achieved. This 
forecast, of course, is dependent upon the con- 
comitant growth of raw material supplies. Iron ore 
supplies of the qualities are limited and 
the United States (where steel production in October 
was at the record level of 99 per cent. of capacity 
or about 7-9 million tons a month) has shown 
increasing interest in British sources. Against this 
may be set the possibility of increased ore supplies 
from Sierra Leone and of scrap from Germany, 
500,000 tons of which became available as a result 
of an exchange rate adjustment in the latter part of 
last year. 

The effect of nationalisation on the output of the 
iron and steel industry is extremely problematical. 
Productivity is already 8 to 10 per cent. higher than 
in the peak year before the war; but how much of 
this is due to the favourable effect of impending 
nationalisation, as claimed by Sir Stafford Cripps, 
and how much to the four reasons enumerated above, 
cannot be assessed. 

The Engineering Industries Association, with a 
membership of 3,500 British engineering firms, con- 
demned nationalisation in a statement issued on 
November 4, 1948, which deplored that such a state 
of affairs should be brought about at a time when 
Britain’s continued existence as a nation was 
dependent upon the productive efficiency of the 
engineering industry. There were two main counts ; 
firstly, that it would create an atmosphere of uncer- 
tainty about steel supplies, which will last for more 
than a year and a half and will make forward 
planning impossible ; secondly, that private firms 
would have to compete against those owned by the 
Iron and Steel Corporation and backed by the whole 
weight of the Government. It seems unlikely that 
nationalisation will take place without the emergence 
of administrative and technical difficulties, and the 
fears of the Engineering Industries Association on 
the first count are, therefore, not without foundation. 
That, moreover, in the long term, to quote Sir 
Stafford Cripps, “‘. . . it [nationalisation] will give 
us a greater security for the necessary supplies of 
steel at reasonable cost” cannot be demonstrated 
a@ priori. 

On the second count, it appears that, before the 
Bill reaches the Statute Book, the worst fears, at 
least, of the E.I.A. may have vanished. Although 
the original list of 107 companies to be nationalised 
meant, in effect, that the Government would be 
making substantial incursions into the engineering 
industry and would, for example, control 30 per 
cent. of the structural engineering capacity of the 
country, the Minister of Supply (Mr. G. R. Strauss) 
declared on October 18 that he would consider 
sympathetically proposals for excluding activities 
unrelated to iron and steel production “. . . if it 
can be shown that the two parts are independent of 
each other, that each will be a viable unit and that 
there are good economic reasons for separation.” 
He further pointed to six parent companies included 
in the Third Schedule, whose “‘ Second Schedule ” 
activities were confined to, and segregated in sub- 
sidiary companies before the Bill was introduced. 
In many instances, it certainly should be possible 
to demonstrate the viability of the independent unit. 
The relation between Dorman, Long and Company 
and Redpath, Brown and Company, for example, 
holds solely commercial advantages ; the integration 
is simply an arrangement which assures the one firm 
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of a market for their products in times of failing 
demand and the other of a source of materials in 
times of insistent demand and shortages. Nationa- 
lisation should make such a relationship superfluous. 
How far the Opposition will succeed in their aim 
to reduce the power of the Iron and Steel Corporation 
to that of a holding company, leaving individual 
steel companies with the maximum autonomy, is 
more problematical, and it may be debated whether 
the effects of such an arrangement on costs and 
prices would be favourable. 

Quite apart from the issue of nationalisation, 
there are certain factors affecting steel prices which 
must cause some concern to the engineering indus- 
try. British prices, next to the Australian, are the 
cheapest in the world, and the gap between British 
and American prices, except for tinplate, is con- 
siderable. At the same time, Mr. Strauss pointed 
out in July that the steel industry was enjoying a 
subsidy of 22/. millions a year, 7/. millions of this 
arising from the freight stabilisation scheme. 
Freights are 340 per cent. of the pre-war level, 
whereas the steel industry, until June 21, 1948, was 
charged only 150 per cent. of the pre-war freight, 
and thereafter 200 per cent. Most of the remainder 
of the subsidy arose from imports of iron and steel 
at prices higher than domestic prices. The rise in 
freight charges in June has been absorbed by the 
iron and steel industry, as also have several rises in 
coal prices. The price of basic pig-iron was 81. 14s. 6d. 
in January; in August, 1948, it was 9/. 14s. - The 
price of finished steel, apart from some increases in 
a few heavy products, remained unchanged. There 
must, however, be some limit to the process whereby 
the Government subsidises the steel industry and 
the steel industry subsidises its consumers. Some 
rise in finished steel prices in 1949, perhaps, may be 
expected. Moreover, amid the uncertainties and 
difficulties of implementing nationalisation, fears 
about. supplies and prices do not lack foundation. 
The vesting date, however, is still distant ; indeed, 
a shift of the political wind may even countermand 
the whole project. 

It is possible that improved supplies of steel in 
1949 may lead to some easing of the restriction on 

capital investment. If this is so, there is a strong 
case for some revision of fiscal policy. A recurring 
theme in chairmen’s speeches in 1948 has been that 
it is essential for many companies to plough back a 
substantial part of their profits if they are to be pro- 
gressive. The present high level of taxation (the 
profits tax, in particular) is thus viewed as a serious 
impediment to industrial efficiency. Depreciation 
allowances are absurdly low in relation to the high 
cost of new plant; profits, in consequence, are 
artificially inflated, and a large proportion of what 
should be devoted to capital investment is swept into 
the public exchequer. 

The shortage of steel and the need to make 
maximum use of available supplies in the interests 
of the export drive introduced some serious problems 
affecting the structure and organisation of the 
engineering industry in 1947. It was difficult to 
achieve competitive levels of costs and prices while 
the industry could not work to capacity. If some 
form of concentration were not indicated, at least, 
effective co-operation among manufacturers to 
eliminate waste was essential. The standardisation 
of parts and components, exchange of information, 
in management and technique and, where possible. 
the pooling of resources, would go a long way to help. 
In 1948, a good strong pioneering stride forward in 
this direction was taken by the industry. 

Plans for mutual aid in the motor industry, which, 
it is hoped, will give a lead to all sections of engineer- 
ing, were announced by the Society of Motor Manu- 
facturers and Traders at the beginning of December. 
These plans, which were described by Mr. Strauss 
as a conspicuous example of what could be done by 
a trade association, are being — 16 large 
engineering trade associations outside the motor- 
vehicle industry, and it is hoped that they will 
make a substantial contribution towards closing the 
gap which exists between the more efficient and less 
efficient firms within the engineering industry. 
Under the scheme, the “ Big Six” motor manufac- 
turers.are to make considerable efforts in the direc- 
tion of standardisation by speeding up the use on 


Liaison between these manufacturers and their 
suppliers of raw materials is to be greatly strength- 
ened. Factory premises, plant, and the technical 
and administrative resources of individual partici- 
pants are to be open to the inspection of the others, 
and factory planning staffs are to be made available 
to suppliers of materials and components. The 
arrangement will affect altogether 600 firms. These 
measures followed closely upon the announcement 
of an arrangement between the Nuffield Organisa- 
tion and the Austin Motor Company, with the em- 
phasis on constant exchange of information, “‘. . . to 
effect maximum standardisation coupled with the 
most efficient manufacture, and, by the pooling of 
factory resources, a consequent reduction of costs.” 

Industrial methods require a thorough overhaul if, 
in the long term, British industry is to maintain 
itself on a competitive footing in world markets. 
If this can be done by voluntary actigqn on the part 
of the manufacturers, it will be accomplished more 
smoothly and speedily than by Government coercion 
or eventual pressure of hard economic fact. 


Of other factors affecting production and costs in 
the engineering industry, labour has made itself pro- 
minent by the 5s. weekly wage increase. This 
could not be justified by the Industrial Court in 
the light of the White Paper on Personal Incomes, 
and the award will probably cost the engineering 
industry 301. millions a year; nevertheless, the loss 
of production through strikes and industrial unrest 
would probably have done more-harm to the 
national economy. More positively, something may 
come of a drive by the General Council of the Trades 
Union Congress for higher productivity. Repre- 
sentatives of the engineering section of the Con- 
federation of Shipbuilding and Engineering Unions 
have been invited to a conference to discuss the 
whole problem of higher output and greater effici- 
ency. Whether the T.U.C. policy can be translated 
into effective action, however, must depend on the 
influence of the unions with the body of their mem- 
bers, and the prevalence of unofficial strikes gives 
rise to grave concern about the extent of this 
influence. 

Aggregate numbers employed in the metals and 
engineering industries show some improvement as 
compared with 1947. In August, 1948, the figure 
was 2-89 million (or only 10,000 short of the target 
for the end of 1948 given in the Economic Survey) 
as compared with 2-87 million a yearearlier. More- 
over, the fact that the industry was working to 
increased capacity meant that there was less wastage 
of labour potential through firms retaining labour 
on their books, although able to provide work on 
only three or four days a week. At the same time, 
there has been a serious shortage of skilled grades 
of labour, particularly in the heavy engineering 
industry. Complaints about the proportion of staff 
engaged in form-filling and work connected with 
Government controls continued to be a sore point 
with many manufacturers. 

On the whole, the engineering industry has been 
fairly fortunate in its labour supply. The dis- 
inflationary Budget, however, has largely failed in 
its object to secure a better distribution of available 
manpower; the basic industries are still under- 
manned, while the less essential have effectively 
retained, or even increased, their labour. With 
maldistributions of this kind, it is perhaps hard to 
accept the Chancellor’s view that manpower is at 
its fullest stretch, but, in the light of increased 
defence commitments in 1949, no improvement in 
the labour situation can reasonably be expected. 

To sum up, the engineering industry in 1949 can 
look forward to a year of prosperity. There may be 
shortages of specific grades of steel, (for example, 
high-carbon steels), but there should be a steady 
advance to full-capacity working for the industry 
as a whole. The maintenance and expansion of 
sales to overseas markets should not present undue 
difficulties, and the industry should acquit itself 
well in the march to economic recovery. 





WorLp OvuTruT oF RUBBER.—The wofld production 
of natural rubber for 1948, it is estimated, totalled about 
1,500,000 tons, compared with 1,270,000 tons in 1947. 
The estimated production of synthetic rubber for 1948 





their models of common accessories and components, 


WORKING OF COPPERS 
CONTAINING BISMUTH.* 
By A. P. C. Hatiowss, B.Se., A.1.M. 


A PAPER on the theoretical aspect of the Association’s 
research into the bismuth embrittl t of phos- 
eine a goon copper has already been published.t 

he present account describes a study of the working 
behaviour of bismuth-bearing phosphorus-deoxidised 
coppers and confirms that higher bismuth contents can 
be tolerated if the working schedule is modified in the 
light of the research on embrittlement. 

In a series of laboratory rolling trials, 15-lb. charges 
of Ontario Refining Co. cathode copper were melted 
under charcoal, deoxidised with phosphor-copper to 
leave a phosphorus content of 0-04 per cent., and cast 
into strip ingots, 9 in. by 4-5 in. by lin. Bismuth metal, 
in amounts up to 0-1 per cent., was added to the melt 
before pouring. The bismuth contents of the coppers 
ranged from 0-10 per cent. down to 0-00002 per cent. 
and the phosphorus contents from 0-043 per cent. down 
to 0-037 per cent. Each casting was cut into four 
pieces, two for cold and hot rolling, respectively, in the 
as-cast condition, and two for cold rolling after soaking 
for 1 hour at 900 deg. C. in an atmosphere of nitrogen, 
followed by the quenching of one and the slow cooling 
of the other. The ingots were rolled in one direction 
only, with no intermediate annealing. 

The cold-rolling schedule was completed on all the 
coppers containing up to about 0-03 per cent. bismuth, 
in spite of some cracking of as-cast material, and heat- 
treatment prior to rolling had little effect. 
cracking occurred in some cases with 0-015 cent. 
bismuth and over, but even the material of highest 
bismuth content (0-10 per cent.) was cold rolled both 
in the “ as-cast” and “ quenched from 900 deg. C.” 
conditions, though the strip obtained was badly frayed 
at the edges. Hot rolling, commencing at 900 deg. C. 
and with reheating to temperature between successive 

, gave satisfactory results down to 56 per cent. 
reduction with all bismuth contents up to 0-03 per cent., 
but the coppers containing 0-05, 0-07, and 0-10 per 
cent. bismuth cracked. Further rolling at lower tem- 
peratures indicated brittleness in the region of 450 deg.- 
550 deg. C. in the coppers containing between 0-005 
and 0-03 per cent. bismuth. 

In a series of trials on a manufacturing scale, 300-lb. 
charges of O.R.C. copper electro-ingots were melted 
under charcoal in der pots in a coke-fired, 
forced-draught Morgan tilting furnace and deoxidised 
with phosphor-copper before addition of the bismuth. 
In an arsenica] series, arsenic was introduced as the 
element before the bismuth. A billet, 5 ft. long by 3 in. 
diameter, and a vertically-cast cake. 28 in. by 7-5 in. by 
3 in., were poured from each charge, using Salamander 
tun-dishes and moulds dressed with a fluid mixture of 
Vaseline and china clay. Approximately 12 in. was 
cropped from each end of the billet and 6 in. from the 
head of the cake. Twelve melts were prepared with 
bismuth contents from nil to 0-01 per cent. in each of 
the arsenical and non-arsenical series. The residual 
phosphorus content, with occasional exceptions in the 
non-arsenical series, was between 0-03 and 0-05 per 
cent., and in the arsenical series, 0-040 and 0-049 per 
cent., and arsenic, when present, lay between 0-3 and 
0-4 per cent. 

The material was used for tube manufacture, the 
working operations being as follows. After heating 
to 900 deg. C. for 1 hour, the billets were pierced on a 
rotary piercer of the Mannesmunn type. The shells 
were 7 to 8 ft. long by 3 to 3-2 in. external diameter 
(tapered) by 0-375 in. wall thickness. A slight tem- 
perature drop occurred during piercing, which occupied 
about 30 seconds, and the shells cooled some 100 deg. 
to 200 deg. C. while rigs lace before quenching 
from about 750 deg. C. Every billet provided a sound 
tube shell on piercing, with the single exception of the 
arsenical copper with the — bismuth content 
(0-0092 per cent.), in which fine cracking occurred ; 
this did not prevent subsequent drawing. 

The shells were drawn to tubes 1-125 in. external 
diameter by 0-0625 in. wall thickness in five reductions 
with two intermediate anneals, the first three reductions 
being by mandrel and the last two by plug drawing. 
The tubes were halved after the first reduction and each 
half given the same reductions during drawing, but 
one half was intermediately annealed at 650 deg, C. 
(the usual] temperature at the mill in question) and 
the other at 750 deg. C. throughout the operations ; 
each anneal was followed by quenching. Prior to the 
mandrel draws, the tubes were “ cold shouldered ” or 
compressed at the end to fit the mandrel, and cold 
chouldating was replaced tagging,” a more severe 
form of end compression, i 





fore plug drawing. 


* Communication from the British Non-Ferrous Metals 
Research Association, London, entitled ‘‘ The Working 
Behaviour of Phosphorus-Deoxidized Coppers containing 
Bismuth,” presented to the Institute of Metals. Written 
discussion is invited by the Institute. Abridged. 








was about 500,000 tons. 


t See Jl. Inst. Metals, vol. 73, page 323 (1947). 
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The behaviour of the tubes during drawing showed 
that higher bismuth contents were tolerable in both 
the arsenical and non-arsenical coppers when the 
intermediate annealing temperature was raised to 
750 deg. C., although the actual quenching tempera- 
tures were considerably lower than the annealing 
temperatures. Of the tubes annealed at 750 deg. C., 
only those of highest bismuth content (0-01 per cent.) 
cracked, and this near the end of the schedule. Of 
those annealed at 650 deg. C., the tubes of both 
varieties of copper with bismuth contents exceeding 
0-005 per cent. cracked badly, and the arsenical coppers 
cracked less seriously, and somewhat inconsistently, 
with bismuth contents as low as 0-003 per cent. 

Lengths of the tubes containing up to 0-003 per cent. 
bismuth in both the arsenical and non-arsenical series 
intermediately annealed at 650 deg. C. were re-annealed 
at and quenched from temperatures of 550 deg. and 
600 deg. C., and then redrawn in three , without 
further annealing, to 0-625 in. externai diameter and 
0-0313 in. wall thickness. The first reduction was by 
mandrel and the others by plug drawing. Cold 
shouldering and tagging operations again preceded the 
mandrel and plug draws respectively. All the tubes 
were drawn successfully with the exception of the 
highest bismuth content (0-003 per cent.) in each series, 
which cracked on ing. 

Half of each cast cake was soaked for 45 minutes at 
850 deg. to 950 deg. C., and hot rolled from 3 in. to 
0-75 in. thickness in three at an initial tempera- 
ture which did not fall below 820 deg. C. The strips 
were air cooled from about 750 deg. C. and then reduced 
cold to a final thickness of 0-4 in. in two passes, 0-75 to 
0-6 in., and 0-6 to 0-4 in. Halves of two of the 
non-arsenical cakes—one containing 0-0035 per cent., 
the other 0-0074 per cent. bismuth—were quenched 
from 850 deg. C. and cold rolled to 0-4 in. in three 50 per 
cent. reductions, with intermediate annealing at 900 deg. 
C., followed by quenching between each. During hot 
rolling, only slight edge cracking, unrelated to bismuth 
content, occurred on a few materials, and no cracki 
was observed during the cold reductions which followed. 
The two cakes reduced by cold rolling only, following 
high-temperature quenching, were uncracked. 

The importance of grain-size was not fully appre- 
ciated when these manufacturing trials were carried 
out, but in view of later evidence, the grain-sizes 
of a representative selection of the finished tubes and 
strips were measured in the annealed condition. 
Corresponding tubes and strips from the same charge 
were chosen for the determinations, and the materials 
were annealed for half an hour at 550, 600, 650 and 
750 deg. C. in accordance with the annealing schedules 
used prior to the laboratory tests on tubes and strips, 
described below. Tests showed that 10-minute anneals, 
as used during drawing, gave grain-sizes similar to those 
obtained after half an hour. 

The results indicated that there was little difference 
between the grain-sizes of the arsenical and non- 
arsenical coppers after similar working and annealing 
treatment, and no significant variation with bismuth 
content. The grain-sizes of tubes and strips were 
similar for a given final annealing treatment and 
appeared to be a function of the final annealing 
temperature, there being no apparent effect attributable 
to earlier thermal history. Since the laboratory and 
manufacturing anneals were both preceded by severe 
cold work, it may be inferred that the grain-sizes 
of the coppers, after annealing in manufacture, were 
defined by the annealing temperature, and that the 
. relationship between annealing temperature and 
grain-size was approximately as shown in Table I. 


TABLE I. 


j 





Annealing temperature, | Grain-Size, V Area of Average 
deg. C H 





Grain, mm. 
nis tsteclaeiieaigsietads a adele cocosaiamebn 
550 0-02 
650 | 0-04 
750 | 0-07 





In a series of laboratory tests on the tubes and 
strips, specimens of the tubes were flattened to contact 
by hammering for a length of about 2 in. at one end, and 
this end of the tube was then doubled back through 
180 deg., again hammering to contact. The results of 
tests on the as-drawn tubes and on sample lengths 
annealed in the laboratory for half an hour at, and 
quenched from, 550, 650 and 750 deg. C. showed that 
in the case of the as-drawn tubes, cracking occurred 
indiscriminately (including one of the bismuth-free 
arsenical tubes) and was probably influenced more by 
the de of hardening during drawing than by the 
bismuth content or the annealing treatment in manu- 
facture. Tubes re-annealed and quenched from the 
annealing temperatures used in manufacture showed no 
embrittlement, but re-annealing at lower temperatures 
caused embrittlement in some cases, 


(To be continued.) 


THE SKELTON SHORT-WAVE 
TRANSMITTING STATION OF THE 
BRITISH BROADCASTING 
CORPORATION. 


WueEn the British Broadcasting Corporation inaugur- 
ated their European service in 1938, the programmes 
consisted only of short daily news bulletins in French 
and German. Several more languages were, however, 
used in 1939, and by the end of 1940, when practically 
the whole of the Continent was under enemy domina- 
tion, these programmes had become a most effective 
means of disseminating truth among our friends in 
the occupied countries and in the rest of the world. 
As the number of transmitters available was insufficient 
to enable broadcasts of adequate length to be made 
in the languages of all the countries with which it was 
desired to establish communication, it was decided to 
erect a new station. This was designed to be capable 
of transmitting at high power on 18 wavelengths at 
the same time, thus enabling the enemy’s partly 
successful attempts at jamming to be counteracted by 
radiating each pi e on several wavelengths 
simultaneously. It was also possible to lay down a 
stronger field in the service area by using highly 
directional aerial arrays. As it was to trans- 
mit as far east as Greece and as far north as Norway 
and Finland, operation on short wavelengths was essen- 
tial to ensure that, with proper selection, a good service 
could be provided to all the countries concerned both 
by day and night. These plans were carried to fruition 
in 1943 by the completion of a transmitting station at 
Skelton in Cumberland. This station has a total 
radio-frequency output of 1,500 kW and is now used 
for broadcasting programmes in 36 to Latin 
America and the Pacific on wavelengths of 50 m. and 
14-3 m. (6 and 21 megacycles second). These 
broadcasts continue both by day and night, the 
frequencies being changed every few hours to enable 
the best use to be made of the existing propagation 
conditions. 

The Skelton station covers some 750 acres and is 


situated between Carlisle and Penrith at a height of | P®” 


about 600 ft. above sea level, where a large area of 
reasonably flat ground, on which the numerous aerial 
arrays could be erected, is available. Telephone cir- 
cuits for bringing the programmes from London, and 
adequate supplies of power, are also within easy 
reach ; and it is remote enough from Europe to ensure 
that the service area is not within “skip” distance 
from the transmitter. In order to reduce the risk of 
damage from air attack, two stations, complete with 
transmitter building, aerial arrays and feeders, were 
erected on the site at a distance of about one mile 
apart, as shown on the plan reproduced in Fig. 2, on 

8. These stations are 
Sogeeney feeders, so that either of them can be used 
to supply any array. Normally, however, they are 
operated separately. 

Fifty-three aerial arrays are vided, these being 
supported on 31 masts varying from 200 ft. to 350 ft. 
in height. The positions of these masts, which were 
supplied and erected by Messrs. J. L. Eve Construction 
Company, Limited, are indicated by the crosses shown 
in Fig. 2, of which that marked a is a typical example. 
The arrays between the masts are indicated by the 
heavy lines as shown at b. The runs of the feeders 
from the switching towers, which are referred to below, 
are shown by thin lines. The arrays were designed by 
the British Broadcasting Corporation and consist of 
tiers of horizontal dipoles, the number of tiers and the 
height of the lowest dipole above the ground being 
determined by the angle to the horizon required for the 
main lobe of radiation. Most of the arrays consist of 


be driven, while the other acts as a reflector. Radiation 
on reciprocal alternative bearings is therefore possible. 
In addition, many of the arrays are arranged so that, 
by splitting the radiator curtain into two halves and 
altering the phase of the dipole currents in one half 
relative to that in the other, the vertical plane of the 
main lobe of radiation can be turned through an angle 
relative to the normal to the array curtain. This 
deflection of the main lobe of radiation to one side or 
the other of the normal bearing is termed “ slewing ”’ ; 
and enables the number of arrays ni to provide 
a required service to be reduced. It is therefore possible 
for, say, either Brazil or Argentina to be served at 
different times from a single array. 

The feeders, by which the pee | arrays are connected 
to the transmitters, and the associated switching 
system were also designed by the British Broadcasting 
Corporation and were manufactured by British Insu- 
lated Callender’s Cables, Limited, 103, Mount-street, 
London, W.1. They are of the four-wire balanced 
type and are supported on frames constructed from 
standard scaffold tubes. The feeders from each aerial 
array terminate on a circular frame, about 150 ft. in 
diameter, in the centre of which is an eight-sided 





switching tower, about 40 ft. high and 14 ft. across, 





inked by three high- | Peak 


two identical curtains of dipoles, either of which may | A 


with a switching level for each transmitter. A tower 
is provided for each group of transmitters, one being 
shown in Fig. 7, on page 12, together with the associated 
frame. The feeders from the transmitter are brought 
to one side of the tower, while a selection of the array 
feeders that terminate on the circular frame are con- 
nected to the other seven sides. This selection can be 
varied to suit any particular seasonal demand. The 
feeder from each transmitter is connected to a rotating 


arm, illustrated in Fig. 8, on page 12. As will be 


seen, this arm is placed within the tower and can 
be connected to any one of the array feeders through 
one of seven appropriate pairs of contacts. This 
arrangement enables any transmitter to be connected 
to any of the seven aerial arrays. The arms are driven 
electrically through a Geneva-wheel mechanism, which 
ensures that they stop at the correct place and that 
their final position is not affected by the time taken for 
the motor to come to rest. The motors are controlled 
from a cubicle on the associated transmitter, details 
of which will be given later. 

As already mentioned, in order to give maximum 
protection to the staff and equipment from air attack, 
the transmitters are housed in separate buildings. 
Within these buildings, too, they are segregated in 
pairs in separate compartments. The associated 
auxiliary equipment is installed close at hand, but is 
also separated from the transmitters by thick walls. 
The power supply for the station as a whole is obtained 
from the British Electricity Authority’s mains on the 
three-phase system at 11 kV and 50 cycles per second. 
A feeder is run into each building and an inter-connector 
is laid between them. Each building also contains 
three 750-h.p. Diesel engines, which drive 500-kW 
11-kV alternators and enable the station to continue 
in operation should the mains supply wholly fail. The 
engines and alternators in one building were manu- 
factured by the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.Ce. In the 
other building the engines were supplied by Messrs. 
Mirrlees, Bickerton and Day, Limited, Stockport, and 
the alternators by the British Thomson-Houston Com- 
y, Limited, Rugby. 

The audio-frequency programme signals from London 
or other p centres are transmitted to Skelton 
over eight telephone lines, which aré equalised so that 
they will pass the frequency bands needed for high- 
quality transmission. After being amplified, these 
signals are then passed to the inputs of the transmitters, 
the quality and volume of each programme bei 
checked by a loudspeaker and “ programme meter.” 
This equipment is housed in a control cubicle, one of 
which is associated with each transmitter. The view of 
one of these control cubicles, given in Fig. 1, on page 8, 
shows the line input equipment and monitoring loud- 
er on the left and beyond it the remote-control 
panel for the aerial-switching towers. It also illustrates 
the control desk itself, on which are mounted the 
switches for operating the starters on the various 
motor-driven units, the cooling plant and high-tension 
rectifiers; the meters for the more important trans- 
mitting circuits; and the we for raising and 
lowering the valve-filament voltages. 

The six 100-kW transmitters and their ancillary 
apparatus in one building were designed and manu- 
factured by Messrs. Marconi’s Wireless Telegraph Com- 
pany, Limited, Chelmsford, while the associated power 
equipment was supplied by the lish Electric Com- 

y, Limited, Queen’s House, Kingsway, London, 
W.C2. In the other building the 100-kW transmitters 
were designed and built by Standard Telephones and 
Cables, Limited, Connaught House, Aldwych, London, 
W.C.2, and the power equipment was supplied by the 
British Thomson-Houston Company, Limited, Rugby. 
view of one of the Marconi transmitters 
is given in Fig. 3, on page 9. This shows the glass 
panelled inspection doors on the left and on the right 
the filament voltage control cubicle. One of the valves, 
which forms part of the final — is also visible on 
its truck in the centre. As will be seen, each trans- 
mitter consists of a number of cabinets with meters 
above them, the assembly being over 30 ft. long. The 
rear of one of the transmitters is illustrated in Fig. 4, 
on 9, which shows two of the trucks that carry 
the final modulated-amplifier tuned circuits. The two 
transmitters in each room face each other and are 
separated by their control cubicles, which face in 
opposite directions, so that each control engineer looks 
towards his own transmitter. The transmitters are 
constructed so that the modulation is amplified in 
successive cabinets from one end of the set, while the 
carrier is amplified similarly in a second series of 
cabinets working from the other end. The two sets 
of si are combined in the centre before being 
passed to the aerials. 

The incoming audio-frequency signals pass through 
four push-pull stages of audio-frequency amplification, 
the first of which is in the control cubicle, while the 
remainder are contained in successive cabinets on the 





main transmitter. The audio-frequency power deli- 
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vered from the transformer at the output of the 
penultimate modulator stage is about 1-2 kW, which is 
sufficient to drive the two main modulator valves. 
These valves are water-cooled and the anode of each 
is capable of dissipating 75 kW. A grid current of 
about 2} amperes is required on the peak of the 
drive. The valves are, however, biased nearly to 
cut-off when quiescent. They therefore take very little 
anode current’ when there is no modulation and are 
consequently economical in operation. To reduce dis- 
tortion, negative feed-back is applied from the anode 
circuit of this stage to the grid circuit of the first two 
valves in the chain. These valves are housed in a 
separate cabinet near the line terminal equipment. 

The final output of the main modulator is fed through 
an oil-cooled push-pull transformer of special design. 
The primary of this transformer carries a peak current 
of up to 20 amperes at a peak voltage of over 7,000, 
while a peak current of 14 amperes at a peak volt- 
age of 10,500 is delivered from its secondary. This 
secondary audio-frequency voltage is used to vary 
the anode voltage of the final high-frequency amplifier 
stage and thus to impress the modulation frequencies 
on the carrier. The modulation choke, which isolates 
the audio voltages from the direct-current supply, 
has an inductance of about 13 henrys at 14 amperes 
and is also oil-cooled. On the other hand, only 1 milli- 
watt is required at the input terminals of the trans- 
mitter to produce 100 per cent. modulation of the 
carrier. 

The high-frequency signals generated by the variable- 
frequency oscillators, having passed through harmonic 
generators, are fed through a series of amplifying 
stages, the equipment for which is mounted in cabinets 
in the main transmitter hall. These cabinets contain 
two identical amplifiers, each of which can be set up 
on a different frequency. Rapid selection is effected 
by a multi-pole change-over switch. This, together 
with the special design of the power-amplifier stages, 
enables the transmitter to be completely changed over 
from one frequency to another by two operators in five 
minutes. This is an important facility, since the best 
transmitting frequency for a given route depends upon 
conditions in the ionosphere, and, as these vary accord- 
ing to the time of day and season, it may be necessary 
to make the change several times during the 24 hours. 

After preliminary high-frequency amplification, the 
signals pass to the intermediate and final amplifiers of 
the main transmitter. The intermediate high-fre- 
quency amplifiers are housed in one cabinet and consist 
of two air-cooled valves, which drive two larger water- 
cooled valves, both stages operating in class C push- 
pull for the sake of economy. To reduce stray capa- 
citances and inductances, and to ensure high stability, 
the lengths of the connections between the valves and 
the associated components have been reduced to a 
minimum. This has been rendered possible by using 
the anode-tuning capacitor as a support for the other 
components, including the valve chairs, which are an 
in part of the capacitor. The tuned-circuit 
inductances of the intermediate amplifiers are mounted 
on a truck which runs on castors and can be wheeled 
into the rear of the cabinet, where contact is made 
with the various circuits through spring-loaded copper 
blades. One truck can therefore be wheeled out and 
another, the inductances on which have been set to 
the desired frequency, can be run in to take its place. 

The final amplifier, which is illustrated in Fig. 5, 
opposite, marks the point in the system where the 
audio-frequency modulation is impressed. It also con- 
sists of a push-pull class C stage with two water-cooled 
valves in a balanced bridge circuit. The filaments of 
these valves each carry 460 amperes at 32 volts, and the 
anode dissipation is about 25 kW each at a voltage of 
about 10-5 kV. The anode current rises to a peak of 
about 70 amperes for 100 per cent. modulation. Each 
of these valves is about 3 ft. 6 in. high, and, in order 
to ensure safe handling and rapid replacement, they are 
wheeled in and out of their mountings in the trans- 
mitter on special trolleys. The modulation choke is 
connected in the main anode supply to the final power 
amplifier. Owing to the high impedance of this choke 
to audio frequencies, the anode voltage of the stage 
fluctuates in accordance with the frequencies which are 
impressed upon it by the secondary of the main modu- 
lation roe ote The amplitude of the carrier wave 
is therefore modulated by the speech and musical 
signals from the studios. This final amplitude-modu- 
lated carrier, which consists of from 12 to 20 amperes 
of high-frequency current at high voltage, is passed 
to four-wire feeders and thence through the line- 
switching tower to the aerials. As in the case of the 
intermediate amplifiers, the circuit inductances are 
mounted on trucks, one of which is illustrated in Fig. 6, 
opposite. This illustration also shows, at the top, the 
netting which acts as a protection against the aerial 
feeders that are led out at this stage. 

As considerable quantities of heat are generated by 
the larger valves in the transmitter, these have been 
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pumped at the rate of 16 to 20 gallons per minute in 
the case of the final modulated amplifiers. Since dur- 
ing operations these anodes carry the full high-tension 
potential they must be carefully insulated from earth. 
Distilled water is therefore used as a coolant and is 
forced by centrifugal pumps, which are at earth 
a. through many yards of coiled rubber hose. 
‘o ensure the safety of the operating personnel, all 
the panels which make up the transmitting system 
are fully screened and protected, while electrical and 
mechanical interlocks are fitted to all the doors which 
give access to apparatus working at high potential. 
If entrance is attempted to any of these enclosures while 
high-tension current is switched on, automatic switches 
are operated and the whole transmitter is shut down. 
The incoming feeder carrying the 11-kV three-phase 
supply for operating the station is connected through 
an oil circuit breaker to a single set of *bus bars. A 
supply from these ’bus bars is then led through an 
isolator to a number of switch panels from which the 
11-kV distribution system in the station is fed. Other 
panels on this board control a 1,250-kVA auxiliary 
transformer and the three circuits through which the 
rectifiers feeding the anodes of the transmitting valves 
are supplied. There is also an interconnector to the 
switchgear in the adjacent power house, in which three 
Diesel-engine driven alternators are installed for use in 
emergencies. The switchgear in this power station 
controls the three alternators, a second 1,250-kVA 





constructed with external metal anodes, which are 
seated in a jacket through which cooling water is 





transformer and the interconnector to the adjacent 
substation. In addition, three isolating switches con- 
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trol circuits through which the rectifiers mentioned 
above are supplied. These circuits operate in conjunc- 
tion with the corresponding circuits in the substation ; 
and can be interchanged with them by operating an 
interlocked isolator in the rectifier cubicle. 

The whole of the plant in this power station is con- 
trolled from a board in an adjacent room. This board 
is arranged in the form of a mimic diagram on which 
the positions of the circuit breakers and isolating 
switches are indicated by red and green lights. The 
generator panels are also equipped with wheels for 
operating the field regulators and controlling the 
governors ; and there is a full range of indicating and 
recording instruments on the principal circuits. The 
generator voltage can be regulated by thyratrons, the 
apparatus for which is installed on a separate panel. 
Protection of the generators is effected by a relay with 
one earth-leakage and two overload elements, and by a 
circulating-current system, while the incoming feeders 
are provided with directional overload relays and the 
*bus section feeders with overload and earth-leakage 
and reverse-power relays to prevent the generators 
from feeding back into the supply mains. 

Distribution throughout the station is carried out 
both at 11 kV and 415 volts, the two systems being 
arranged so that there is a complete duplication of 
supply. The first system is used for feeding the rectifier 
transformers and is arranged so that power can be 
obtained frem either the substation or the generating 
station by operating air-break isolating switches. 
These switches are housed in cubicles adjacent to ‘the 
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rectifiers and can be opened or closed only when the 
rectifier circuit breakers are open. The 415-volt 
system is used to supply most of the auxiliaries through 
the two 1,250-kVA transformers mentioned above. 
These transformers, which are housed in fireproof 
cubicles adjacent to the generating station and sub- 
station, respectively, are protected by Buchholz relays 
and on the Merz-Price circulating-current system 
between the high-tension and low-tension sides. 

The low-tension feeders are controlled from a seven- 
panel switchboard in a chamber above the main 
generating station control room, while the sub-circuits 
are provided with switch fuses. Constant voltage is 
maintained on certain circuits by a three-phase moving- 
coil regulator, while the battery, which is used for 
supplying the tripping, indicating and control circuits, 
isc through a glass-bulb rectifier. 

now to the power supplies for the trans- 
mitters themselves, the anode current is obtained from 
the 11-kV feeders through air-cooled pumpless steel 
rectifiers, each of which is rated at 500 kW. e direct- 
current output of these rectifiers, of which there is 
one for each transmitter, can be varied between 
10 kV and 13 kV in steps of 500 volts by altering the 
tappings on the associated transformers. The rectifier 


equipment is installed in two concrete cubicles. In the 
first of these is the rectifier transformer, the modulation 
transformer and the choke, of which mention has been 
made above. The second contains the primary circuit 
breaker, the 11-kV isolating switch and the rectifier 
bulb with its auxiliary equipment and grid-control 
gears. Since the negative side of the direct-current 
system is earthed, all this equipment is at the full 
airect-current potential—about 12 kV—above earth. 
It is therefore mounted on insulators, as shown in 
Fig. 9, on page 12, which illustrates the rectifier and 
its control equipment; and the low-voltage supply, 
which is used for control purposes, is fed through an 
insulating transformer with a ratio of 1 to 1. The 
indicating instruments are also viewed through a 
glass window in the front screen. This cubicle further 
contains a high- relay, which has been specially 
designed by the English Electric Company to block the 
rectifier grids within 0-014 second in the event of either 
the alternating or direct-current rising above a predeter- 
mined value, or if the rate of this rise exceeds a 
certain figure. Associated with this relay is equipment 
which, in the event of a flash-over in the transmitter 
or a rectifier back fire, automatically suppresses the 
rectifier voltage for a period long enough to allow the 
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fault path to de-ionise. It then gradually reinstates 
the direct-current supply to the transmitter valves. 
This process is repeated a predetermined number of 
times within a period which can be varied between 
1-5 and 5 seconds. If the fault still persists, the 
circuit breaker is tripped. In addition to adjust- 
ment by alteration of the transformer tappings, the 
rectifier voltage can also be varied by a phase-shifting 
induction regulator in the grid circuit. This regulator 
is driven by a direct-current motor, which is controlled 
by push-buttons on the control desk and thus allows 
for fine adjustment between the transformer tappings, 
besides enabling the direct-current voltage to be set 
at a low figure for testing the transmitter. 

Supplies for the main filaments are obtained from 
motor-generator sets, each of which consists of a 
112-5-h.p. three-phase squirrel-cage motor driving a 
direct-current generator with an output of from 1,000 
to 2,000 amperes at from 2 to 35 volts. The excitation 
of these erators is controlled by a motor-driven 
rheostat, which is supplied from a glass-bulb rectifier. 
These sets, as shown in Fig. 10, on page 12, are installed 
in a basement below the transmitters, as are the pumps 
for the closed-circuit distilled-water cooling systems. 

(To be continued.) 
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LAUNCHES AND TRIAL TRIPS. 


8.S. “‘ Crry oF BROOKLYN.”’—Single-screw cargo liner, 
carrying 12 passengers, built by Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, Wallsend-on-Tyne, 
for Messrs. Ellerman Lines, Limited, London, E.C.3. 
Main dimensions: 450 ft. (between perpendiculars) by 
61 ft. 6 in. by 33 ft. 3 in. to upper deck; gross tonnage, 
about 7,580; deadweight capacity, 10,800 tons on a 
draught of 28 ft. 8 in. Parsons impulse-reaction tur- 
bines, constructed by Messrs. Wallsend Slipway and 
Engineering Company, Limited, Wallsend-on-Tyne, with 
single-reduction gearing, developing 7,200 s.h.p. in 
service. Service speed, 15 knots. Launch, December 1. 

8.S. “‘ Gornic.”—Twin-screw refrigerated-cargo liner, 
carrying a maximum of 85 passengers, built by Messrs. 
Swan, Hunter, and Wigham Richardson, Limited, Wall- 
send-on-Tyne, for Messrs. Shaw Savill and Albion Com- 
pany, Limited, London, - E.C.3. Main dimensions : 
561 ft. by 72 ft. by 43 ft. 44 in. to shelter deck; gross 
tonnage, 15,902; deadweight capacity, 11,530 tons on a 
load draught of 29 ft. 7 in. Two sets of turbines con- 
structed by Messrs. Wallsend Slipway and Engineering 
Company, Limited, Wallsend-on-Tyne, to the builders’ 
designs, to develop a maximum of 18,400 s.h.p. Double- 
helical gearing cut by The Parsons Marine Steam Turbine 
Company, Limited, Wallsend-on-Tyne. Service speed, 

-17 knots. Trial trip, December 9. 

M.S. “‘ ANGOLA.”—Twin-screw cargo liner, carrying 
some 700 passengers in four classes, built and engined by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Hebburn-ou-Tyne, for the Companhia Nacional 
de Navegacéo, Lisbon. Main dimensions: 549 ft. 8 in. 
by 67 ft. by 44 ft. 3 in. to shade deck; gross tonnage, 
12,932. Two six-cylinder single-acting two-stroke 
opposed-piston Hawthorn-Doxford ‘oil engines, develop- 
ing an aggregate of 13,000 b.h.p. Speed, 18 knots. 
Trial trip, December 10 and 11. 

M.S. “‘ CUMBERLAND.” —Twin-screw refrigerated-cargo 
liner, built and engined by Messrs. Alexander Stephen 
and Sons, Limited, Glasgow, S.W.1, for the Federal 
Steam Navigation Company, Limited, London, E.C.3. 
Fifth of an order for eight similar vessels. Main dimen- 
sions: 561 ft. by 70 ft. by 47 ft. 6 in.; gross tonnage, 
11,280; deadweight capacity, 14,300 tons on a load 
draft of 32 ft.6in. Two Stephen-Doxford Diesel engines 
developing 12,800 b.h.p. Speed, 17 knots. Trial trip, 
December 12. 

S.S. “Lorp CUNNINGHAM.”—Single-screw trawler, 
built by Messrs. Cochrane and Sons, Limited, Selby, 
Yorkshire, for the Lord Line Limited, Hull. Main dimen- 
sions: 175 ft. (between perpendiculars) by 39 ft. 6 in. 
by 16 ft.; gross tonnage, 640; fishroom capacity, 
14,300 cub. ft. Triple expansion engine, of 1,100 i-h.p., 
constructed by Messrs. Amos and Smith, Limited, Hull. 
Speed, 132 knots. Launch, December 18. 

M.S. “ Epira BorTHEN.”—Single-screw oil tanker, 
built by Aktieselskabet Nakskov Skibsverft, Nakskov, 
Denmark, for Mcssrs. Harry Borthen and Company, 
Oslo, Norway. Main dimensions: 461 ft. 3 in. by 
60 ft. 6 in. by 35 ft. 6 in. to main deck; deadweight 
capacity, 11,400 tons on a draught of 27 ft.6 in. Seven- 
cylinder four-stroke Burmeister and Wain engine develop- 
ing 4,900 i.h.p. and a service speed of 13-4 knots. Trial 
trip, December 20. 

S.S. “ ARDETTA.”—Single-screw cargo vessel, built 
and engined by Messrs. Cammell Laird and Company, 
Limited, Birkenhead, for the British and Continental 
Steamship Company, Limited, Liverpool. First of an 
order for two. Main dimensions: 267 ft. by 42 ft. 6 in. 
by 25 ft. to shelter deck ; deadweight capacity, 2,030 tons 
on a draught of 17 ft. Triple-expansion engine, of 
1,500 i.h.p., and two oil-fired cylindrical boilers. Speed, 
13 knots. Launch, December 20. 


S.S. “ Vinea.”—Single-screw cargo vessel, built by 
Messrs. Short Brothers, Limited, Sunderland, for Rederi 
A/B Bifrost, Gothenburg, Sweden. Main dimensions: 
310 ft. (between perpendiculars) by 47 ft. by 27 ft. 11 in. 
to shelter deck ; deadweight capacity, about 3,400 tons 
on a draught of 19 ft. Triple-expansion engine of reheat 
design, installed by Messrs. George Clark (1938), Limited, 
Sunderland, and two multitubular oil-burning boilers. 
Service speed, 12 knots. Trial trip, December 21. 





CONTRACT. 


THE BRUSH ELECTRICAL ENGINEERING COMPANY, 
LimITrEeD, Loughborough, have received an order 
from the Steel Company of Wales, Limited, for four 
0-6-0 Diesel-electric shunting locomotives for use at the 
Port Talbot Steelworks. Each locomotive will be driven 
by a Mrrriees “TLS6” six-cylinder turbo-charged 
four-stroke Diesel engine having a continuous rating of 
487 brake horse-power at 710 r.p.m., direct-coupled to 
a Brush 280-kW traction generator supplying current to 
two nose-suspended Brush traction motors each develop- 
ing 170 h.p. The locomotives will be erected at the 
Stafford works of Messrs. W. G. BAGNALL LIMITED, an 
associate company, under the supervision of engineers 
from the Brush Company. 


BRITISH STANDARD 
SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, at 
the price quoted at the end of each paragraph. 


Precautions Against Fires in Houses and Flats.— 
The Codes of Practice Committee for Civil Engineering, 
Public Works and Building, working under the egis of 
the Ministry of Works, have issued in final form 
C.P. No. 3—Chapter IV (1948). This Code deals with 
the precautions to be taken against fire when dealing 
with the siting, ing and construction of new 
houses and flats of not more than two storeys, and of 
any garages which may be attached to or ode near 
to the dwellings. With a view to minimising the risk 
of spread of fire, recommendations are given in a table 
which sets out the minimum distances of external 
walls from the site boundaries and the maximum 
number of houses and flats which should be contained 
in a block, having regard to the degree of fire resistance 
and the t of construction of the external walls. 
In seston recommendations are included on the 
design, construction and grades of fire resistance of 
separating walls, erected between individual houses or 
flats. Guidance is also given on the use of draught 
stops in hollow construction and on means of escape. 
[Price 2s., postage included.} 

Plug-and-Socket Gas Connectors.—A revision of 
B.S. No. 570, concerning plug-and-socket gas connectors 
for portable appliances, first published in October, 
1934, has now been issued. Care has been taken to 
cover fully such matters as ease of connection, inter- 
ehangeability and long life and, in order to minimise 
the possibility of difficult connections arising as a 
result of wear and tear, the compositions of all metals 
employed in the manufacture of the various components 
have been specified. The external ign of the 
parts has also been improved to ensure long life and 
to reduce to a minimum the possibility of damage. 
A new and important feature of the specification is 
the inclusion of 24 fully-dimensioned drawings of 
inspection gauges to control the precision manufacture 
of the many component parts involved. [Price 2s. 6d., 
postage included.] 

== 
BOOKS RECEIVED. 

Ministry of Transport. Railway Accidents. Report on 
the Accidents Which Occurred on the 1st March and 
16th October, 1948, at Conington North in the Eastern 
Region of the British Railways. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 6d. net.) 

Department of Scientific and Industrial Research. National 
Building Studies. Bulletin No. 5. The Laying of 
Linoleum upon Conerete Floors. By Dr. C. M. WaT- 
‘kins. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 4d. net.] 

Department of Scientific and Industrial Research. Geo- 
logical Survey of Great Britain. England and Wales. 
Geology of Southport and Formby. By Drs. D. A. 
Wray and F. WOLVERSON CoPpE. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 1s. 3d. net.]. 

Ministry of Town and Country Planning. Town and 
Country Planning (Development Plans) Regulations, 
1948. Circular No. 59. Statement on the Preparation 
of Development Plans, with an Appendix Containing 
Notations for the Prescribed Maps. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 6d. net.) 

Railway Wagon and Tank Construction and Repair. By 
F. OGDEN. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. [Price 18s. 
net.] 

The Principles of Structural Mechanics, Treated Without 
the Use of Higher Mathematics. By Percy J. WAL- 
DRAM. Third edition, revised and enlarged. B. T. 
Batsford, Limited, 15, North Audley-street, Mayfair, 
London, W.1. [Price 18s. net.] 

University of Minnesota. Engineering Experiment Station. 
Bulletin No. 27. Water Permeability of Structural Clay 
Tile Facing Walls. By PROFESSOR JOSEPH A. WISE. 
The Director, Engineering Experiment Station, Uni- 
versity of Minnesota, Minneapolis, U.S.A. 











CONFERENCE ON DRYING.—The Institution of Chemical 
Engineers have arranged an all-day conference on 
“ Drying,’’ to take place on Tuesday, January 11, at the 
Geological Society, Burlington House, Piccadilly, London, 
W.1. The morning session will commence at 10.15 a.m., 
when papers will be read by Professor D. M. Newitt, 
F.R.S., on “ Research,” and by Dr. H. H. Chambers on 
“ Vacuum-Freeze Drying”; and the afternoon session 
at 2 p.m., when papers will be presented by Mr. E. F. 
Mactaggart on “ Drying Machinery and Its Develop- 
ment,” and by Mr. R. L. Stephens on “‘ Radio-Frequency 
Drying.” Further particulars are obtainable from the 
joint henorary secretaries of the Institution, 56, Victoria- 





street, London, 8.W.1. 








PERSONAL. 


Sm A. H. Roy FEDDEN, M.B.E., D.Sc., F.R.Ae.S., 
M.1.Mech.E., has been appointed to the board of Leyland 
Motors Limited, Leyland, Lancashire, as director of 
research and development. He is at present at the 
firm’s London office, Hanover House, Hanover-square, 
W.1, and will deal solely with long-term research and 
development. Mr. H. S, Forp has been appointed 
assistant general manager of the firm, but, in addition, 
will continue to hold his present post of manager of the 
Chorley branch works of the company. 


GENERAL SiR DarRIL G. Watson, G.C.B., C.B.E., M.C., 
who was Quartermaster-Genera] to the Forces in 1946-47, 
has been appointed a member of the Railway Executive. 


Mr. G. H. BAILey retired on December 31, 1948, from 
the position of chief engineer (designs), Metropolitan- 
Cammell Carriage and Wagon Company, Limited, 
Metropolitan-road, Saltley, Birmingham, 8, after approxi- 
mately 46 years’ service. 


Mr. R. H. CoLiincHaM, M.I.C.E., M.I.Mech.E., 
relinquished the position of chief turbine engineer with the 
British Thomson-Houston Company, Limited, Rugby, 
on December 31, 1948, but is to continue his association 
with the firm as consultant on technical design problems. 
Mr. K. R. HopriRK, M.A., assistant chief mechanical 
engineer of the company, has now assumed responsibility 
for turbine and gearing design and engineering. MR. 
P. D. Morris, A.M.I.Mech.E., has been appointed chief 
turbine engineer, and Mr. S. A. CouLine, A.M.I.C.E., 
A.M.1.Mech.E., chief gear engineer. 


Mr. W. A. C. NEWMAN, O.B.E., B.Sc. (Lond.), 
A.R.S.M., A.R.C.Se., D.LC., F.RLC., F.1M., 
M.Inst.M.M., Chemist and Assayer at the Royal Mint, 
has been elected President of the Institution of Mining 
and Metallurgy for the 1949-50 session. Mr. Newman is 
honorary treasurer of the Institute of Metals. 

—-— 

Mr. A. W. A. DICK-CLELAND, B.Sc. (Glas.), A.R.T.C., 
M.I.E.E., has been elected a director of Messrs. Lanca- 
shire Dynamo and Crypto, Limited, as from January 1- 
He was appointed general manager of the Trafford Park 
Works of the company in March, 1947. 

Mr. G. K. Storr has been appointed general manager 
of the General Electric Company (Burma), Limited, in 
succession to Mr. J. Paxton, who will be joining the 
company’s organisation at home shortly. 


Mr. F. A. A. MENZLER, chief development and research 
officer, London Transport Executive, is to assume 
administrative responsibility for the Central Laboratory 
(previously known as the Chemical Laboratory, Chiswick) 
and the three generating-station laboratories. MR. A. T- 
WILForD, chief chemist, has been appointed superinten- 
dent of laboratories and will be responsible for the 
immediate technical direction of all laboratories. 

Mr. W. M. Hrroncock, hitherto assistant commercial 
superintendent, Western Region, Railway Executive, has 
been appointed divisional waterways officer, North 
Eastern Division, Docks and Inland Waterways Execu- 
tive. He took up this appointment on January 1. 

Mr. CHARLES LAWRIE, general sales manager, Vacuum 
Oil Company, Limited, Caxton House, London, 8.W.1, 
has been elected a director of the company. 

Mr. R. W. Storey, Assoc.I.E.E., has been appointed 

deputy sales manager of the Brush Electrical Engineering 
Company, Limited, Loughborough. 
THE VicrorIa FALIS AND TRANSVAAL POWER ComM- 
PANY, LIMITED, was taken over by the ELECTRICITY 
SUPPLY COMMISSION oF SOUTH AFRICA at the end of 
June, 1948, and the engineering department is being 
transferred to Johannesburg. Mr. N. BROOKSBANK, 
M.I.E.E., who has been chief London engineer of the 
company since 1925, informs us that he severed his 
connection with the Commission on December 31, 1948, 
in order to take up other interests. 

Messrs. WILD-BARFIELD ELEcTRIC FURNACES 
LimIrEep, Elecfurn Works, Watford By-Pass, Watford, 
Hertfordshire, announce that the address of their 
Sheffield office and that of the Sheffield office of their 
associates, Messrs. G.W.B. ELECTRIC FURNACES 
LmTeD, is now, 4, Paradise-square, Sheffield, 1. (The 
telephone number remains unaltered at Sheffield 22776.) 

The Public Relations Department of MANCHESTER OIL 
REFINERY LimireD (the M.O.R. Group of Companies), 
and PETROCARBON LIMITED, and PETROCHEMICAIS 
LIMITED, has been moved to new offices and the address 
is now: 444, Dover-street, London, W.1. (Telephone : 
REGent 7602.) 

THe ROCKWELL MACHINE TOOL COMPANY LIMITED, 
Second-way, Exhibition Grounds, Wembley, Middlesex, 
have been appointed sole selling agents in the United 
Kingdom fer MONARCH-KELLER form-turning machines. 
The Rockwell Company already handle all other Monarch 
turning machines. 

The MINISTRY OF TRANSPORT announce that the office 
of the SHip LICENSING BRANCH (Overseas Voyages) has 
been moved from 117, Fenchurch-street, E.C.3, to 
Room 4006, at Berkeley-Square House, London, W.1. 
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NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Prices of Welsh coals are in 
future to be governed more by economic conditions, 
and there will be variations according to the demand and 
supply position. Some of the top qualities may become 
dearer, while poorer grades may be reduced in price. 
Large reserves of first-grade Welsh coals, known for 
many years, have been proved at the southern edge of 
the coalfield between Tondu (Bridgend) and Port Talbot. 
Already six seams of an average thickness of 5 ft. have 
been proved in the district, and exploration work is 
being continued with the hope of proving the existence 
of some nine other promising seams. Hitherto, the coal 
bas been considered to lie at too great a depth to be 
worked, but it is realised that many problems will have 
to be solved. The Tareni Pit in the Swansea Velley 
is to be closed down. The Coal Board has told the 300 
men employed there that in mid-January they will be 
given notices to terminate their contracts. Last October, 
the Board announced that they might close the pit 
because of geological difficulties and the fact that it was 
noteconomic. A few years ago about 250,0001. was spent 
on mechanisation and new developments at the pit in a 
re-organisation scheme, but the experiment was not a 
success due mainly, according to the Board, to adverse 
geological conditions. Production at the pits settled 
down siowly after the holiday stoppages, and in the week 
following Christmas absenteeism in the coalfield reached 
16 per cent., as compared with the usual 8 to 9 per cent. 
As a result of the loss of production, the supply position 
has become extremely difficult and operators are unable 
to accept much business for early delivery. It is not 
expected that the position will improve materially for 
some weeks. Practically the whole of current production 
is being absorbed by deliveries to inland consumers and 
shipments under existing allocations. An interesting 
development has been the chartering of a ship to lift the 
first cargo of coal under the new contract placed by the 
Egyptian State Railways. Foreign business remained 
chiefly in respect of French, Portuguese and Argentine 
users. Cokes and patent fuel are in keen request and 
are very firm. 





NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 

Iron and Steel.—Some record productions of steel have 
been attained during the past year, but steelworkers at 
open-hearth plants in the district complain that trade- 
union restrictions debars them from working longer hours 
which they are anxious todo. As it is, they are allowed 
to work at only one week-end in three. Prospects in 
all branches of Sheffield industry are regarded as satis- 
factery, but with experience of post-war slumps in other 
years, leaders of the industry are careful not to commit 
themselves to undue optimism. Order books are well 
filled for all fine steels, including the latest types of heat 
and strain resisting steels for jet engines. The operation 
of import restrictions is the main hindrance to the 
expansion of export business in high-grade steel, tools and 
cutlery. Several schemes of re-organisation and re- 
equipment of shops have been completed during the year 
and progress is being made with others intended to meet 
the expanding demand. It is hoped to bring into opera- 
tion extended facilities for the production of stainless 
steels and the rolling of stainless-steel sheets. 

South Yorkshire Coal Trade.—Holidays have caused a 
lull in coal production which was exceptionally high before 
the break. Transport has been hindered by bad weather, 
and snow has interfered with working at the opencast sites. 
The demand is very strong but stocks at consumers’ 
works and gasworks and electric power stations are satis- 
factory. Movement of coal to the Humber ports for ship- 
ment abroad has been at a fairly high level, and bunkers 
also have been in fair request. The demand for hard coke 
for industry is strong, but supplies are adequate. 





VACUUM-ASSISTED HYDRAULIC BRAKES FOR ComM- 
MERCIAL VEHICLES: ERRATUM.—We regret that, by a 
printers’ error, which escaped detection, the name of 
Mesers. Automotive Products Company, Limited, the 
makers of the vacuum-assisted hydraulic brakes illus- 
trated and described on page 643, of our issue for 
December 31, 1948, was wrongly stated in the heading to 
the illustrations. Fortunately, the firm is too well known 
to engineers for any confusion to arise. 





ROYAL AERONAUTICAL Socrery.—Candidates are re- 
minded that a new syllabus for the Associate-Fellowship 
examination of the Royal Aeronautical Society came into 
force on January 1, but that papers will continue to be 
set under the old syllabus until December 31, 1949. 
Entry forms for the May examination under the old 
syllabus must be in the hands of the secretary, 4, Hamil- 
ton-place, London, 8.W.1, by February 28. Particulars 
of examinations under the new syllabus may be obtained 
from the secretary. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

General Situation.—The pressure for supplies of iron 
and steel for home purposes and for export is much 
greater than producers can handle satisfactorily, even 
when plants are run at the capacity limit. The demand 
for Tees-side products promises to be still greater this 
year than last, when the outputs fell considerably short 
of customers’ unprecedented requirements. Every effort 
was made to meet supply obligations last month and 
arrears of delivery at the end of the year, while large, did 
not exceed expectations. At the same time, however, 
uncompleted contracts necessitate considerable re-autho- 
risation of tonnage distribution over the present quarter. 
There is still a serious shortage of pig iron and distribut- 
able parcels of scrap are eagerly taken up, both for 
foundry use and for steelworks requirements. The 
promise of a steady increase in the yield of the Cleveland 
ironstone mines, the maintenance of supplies from the 
Northamptonshire mines and the continued good imports 
of ores from overseas, are satisfactory features. 

Foundry and Basic Iron.—Parcels of ordinary foundry 
pig iron at present obtainable are still inadequate for 
users’ needs. Production at the Tees-side furnaces 
ceased a considerable time ago. Hopes of a resumption 
of the make appear to have been abandoned and the 
occasional output of special Cleveland foundry iron is 
taken up readily as it becomes available. Makers of 
basic iron continue to meet the needs of their steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—The 
scarcity of East Coast hematite is somewhat less acute 
than of late, but the limited make has still to be carefully 
allocated to provide regular users with their essential 
needs. Low- and medium-phosphorus grades of iron 
are in better supply, but outputs are steadily taken up. 
Manufacturers of refined iron are able to deal satisfac- 
torily with their customers’ requirements. 

Manufactured Iron and Steel.—Conditions in the 
various branches of the semi-finished and finished iron 
industry show little change. Work in hand and inquiries 
circulating are expected to keep the plants actively 
employed for some time. All classes of steel are in 
continued strong request. The drive to clear the maxi- 
mum tonnages last month was reasonably successful, 
but uncompleted contracts at the end of the year left a 
considerable volume of business for re-authorisation of 
supply over the present quarter. Steel users are restricted 
closely to their allocations, which often fall short of their 
pressing needs. The export trade is still carefully 
controlled, but licences for shipment are being issued on 
a@ more liberal scale. The largest buyers of Tees-side- 
produced steel are South Africa and South America, 
while loadings for Scandinavian destinations are sub- 
stantial and increasing. Sheets and light and medium 
plates are in the greatest demand, and distributable 
parcels of rails and light sections are not sufficient to 
cover the customers’ urgent needs. 





ALMANACS, CALENDARS, EtTc.—We have received 
monthly tear-off wall calendars from Messrs. Ateliers de 
Constructions Electriques de Charleroi, Charleroi, Bel- 
gium; Messrs. Boulton Paul Aircraft Limited, Wolver- 


hampton; Messrs. Boxfoldia Limited, Birmingham ; 
Messrs. British Jeffrey-Diemond Limited, Stennard 
Works, Wakefield; the D.P. Battery Company, 


Limited, Bakewell, Derbyshire; Messrs. Mavor and 
Coulson, Limited, Bridgeton, Glasgow, S.E.; the Wayne 
V. Myers Company, Limited, 365, Chiswick High-road, 
London, W.4; Messrs. C. A. Parsons and Company, 
Limited, Heaton Works, Newcastle-upon-Tyne, 6; 
Messrs. C. Ryan and Company, Limited, 2-20, Pancras- 
street, London, W.C.1; Messrs. C. Townsend Hook and 
Company, Limited, 154, Fleet-street, London, E.C.4; 
and Messrs. G. C. Turner and Company, 3, Wrestier’s- 
court, Camomile-street, London, E.C.3. Monthly tear-off 
wall calendars, which show also the preceding and 
subsequent months on each page, have reached us from 
Messrs. British Ropes, Limited, Carr Hill, Doncaster ; 
Messrs. British Timken Limited, Cheston-road, Aston, 
Birmingham, 7; the British Vacuum Cleaner and Engi- 
neering Company, Limited, Leatherhead, Surrey ; Messrs. 
John Laing and Son, Limited, Mill Hill, London, N.W.7 ; 
the Union-Castle Mail Steamship Company, Limited, 
3, Fenchurch-street, London, E.C.3; and Messrs. Well- 
worthy Piston Rings, Limited, Radial Works, Lymington, 
Hants. A large calendar of this type, which has come 
from The Bristol Aeroplane Company, Limited, Filton, 
Bristol, contains twelve reproductions in colour of 
subjects of aeronautical interest “‘ to commemorate forty 
years of aeronautical achievement, 1910 to 1950”; and 
another, from the British Thomson-Houston Company, 
Limited, Rugby, reproduces twelve natural-colour photo- 
graphs of country views taken by employees of the 
company. Calendars with two months on each page 
have come to hand from Messrs. Davey Paxman and 
Company, Limited, Standard Ironworks, Colchester ; 
and the North British Locomotive Company, Limited, 





Springburn, Glasgow, N. 


NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Western 
Centre: Monday, January 10, 5 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. ‘‘ A Résumé 
of the Very High Frequency Point-to-Point Communica- 
tion,” by Messrs. F. Hollinghurst and C. W. Sowton. 
London Students’ Section: Monday, January 10, 7 p.m., 
Victoria-embankment, W.C.2. ‘“ Electrical Methods of 
Recording Transient Pressures,””’ by Mr. M. T. Cree. 
Measurements and Radio Sections : Tuesday, January 11, 
5.30 p.m., Victoria-embankment, W.C.2. “ Double- 
Ratio A.C. Bridges with Inductively Coupled Ratio 
Arms,” by Messrs. H. A. M. Clark and P. B. Vanderlyn. 
“A Direct-Capacitance Aircraft Altimeter,” by Messrs. 
W. L. Watton and M. E. Pemberton. North Midland 
Centre: Tuesday, January 11, 6.30 p.m., 1, Whitehall- 
road, Leeds. “ Lightning Protection of High-Voltage 
Transmission and Distribution Systems,” by Mr. H. M. 
Lacey. Radio Section: Wednesday, January 12, 5.30 
p.m., Victoria-embankment, W.C.2. “ Design of 
Balanced Rectifier Modulators,” and “ Effects of Un- 
wanted Signal Mixed with a Carrier Supply of Ring-and- 
Cowan Modulators,” by Dr. D. G. Tucker. Scottish 
Centre: Wednesday, January 12, 7 p.m., Heriot-Watt 
College, Edinburgh. ‘“‘ Design of Water-Turbine-Driven 
A.C. Generators,” by Messrs. E. M. Johnson and C.P. 
Holder. Institution: Thursday, January 13, 5.30 p.m., 
Victoria-embankment, W.C.2. ‘“‘ Medical and Psycho- 
logical Aspects of Electric Shock,”” by Dr. M. Critchley. 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, January 10, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘“‘ Ships of the Fishing Fleet,” 
by Mr. R. Bayes. Institution: Friday, January 14, 6.30 
p.m., 39, Victoria-street, S.W.i. ‘“ Application of Gas 
and Coke for Domestic Heat Services,” by Mr. L. W. 
Andrew. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, January 
11, 5.30 p.m., Great George-street, S.W.1. “ Site 
Investigations, Including Boring and Other Methods of 
Sub-Surface Exploration,” by Mr. H. J. B. Harding. 
Birmingham Association : Thursday, January 13, 6 p.m., 
James Watt Institute, Birmingham. “ Use of Light 
Alloys in Structures,” by Mr. R. A. Foulkes. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, January 
11, 5.30 p.m., 85, Minories, E.C.3. ‘“‘ Non-Destructive 
Testing of Large Marine Forgings and Castings,” by 
Messrs. J. Rhodes, T. H. Arnold and H. 8S. Peiser. 

RoyaL Socrery or ArtTs.—Tuesday, January 11, 
6 p.m., John Adam-street, W.C.2. “ Weather Fore- 
casting at Sea,” by Captain J. W. Josselyn. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, January 11, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘“‘ History of the River Clyde 
and the Development of the Port of Glasgow,” by Mr. 
W. F. Robertson. 

Royal PHorocrapHic Sociery.—Tuesday, January 
11, 7 p.m., 16, Princes-gate, S.W.7. “ Picture Tele- 
graphy,” by Mr. J. Bell. 

INCORPORATED PLANT ENGINEERS.—East Lancashire 
Branch: Tuesday, January 11, 7.15 p.m., Engineers’ 
Club, Manchester. “ Fire Appliances,” by Mr. H. Hoyle. 
East Midlands Branch: Thursday, January 13, 7 p.m., 
Y.M.C.A., Shakespeare-street, Nottingham. “ Injury 
from Dust Explosions,” by Dr. D. Matheson. Newcastle- 
upon-Tyne Branch: Thursday, January 13, 7.30 p.m., 
Crown Hotel, Newcastle-upon-Tyne. “ Lubrication,” by 
Mr. W. J. Frier. 

INSTITUTE OF FUEL.—Wednesday, January 12, 2 p.m., 
Engineer’s Club, Manchester. ‘“‘ Distribution of Gaseous 
Fuel,” by Mr. F. Bell. (Luncheon at 1 p.m.) 

INSTITUTE OF PETROLEUM.—Wednesday, January 12, 
5.30 p.m., 26, Portland-place, W.1. ‘“‘ Kinetic Boundary 
Friction,”” by Messrs. F. T. Barwell and A. A. Milne. 

INSTITUTE OF TRANSPORT. : Wed- 
nesday, January 12, 5.45 p.m., Harbour Board Offices, 
Southampton. “Education and Transport,” by Mr. 
F. J. Wymer. 

INSTITUTION OF MECHANICAL ENGINEERS.—Applied 
Mechanics Group: Friday, January 14, 6 p.m., Storey’s- 
gate, St. James’s Park, 8.W.1. “‘ Distribution of Load in 
Screw Threads,” by Dr. D. G. Sopwith. “‘ Tensile Fillet 
Stresses in Loaded Projections,” by Dr. R. B. Heywood. 
AUTOMOBILE Division. Tuesday, January 11, 6 p.m., 
Storey’s-gate, St. James’s Park, 8S.W.1. ‘“‘ Basic Pro- 
blems in the Engineering of an All-Metal Motor Body,” by 
Mr. E. 8. White. 

NorTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, January 14, 6.15 p.m., Mining 
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Institute, Newcastle-upon-Tyne. “Tanker Design,” 
by Mr. N. H. Burgess. a 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 


this Journal and any other publication bearing | Gon 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMpte Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
. 





Accounts are payable to ““‘ ENGINEERING,” Ltd. 

should crossed “ The National Provincial 

, Limited, Charing Cross Branch.” Post Office 

Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 





“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada 


Subscribers receiving incomplete copies through 

mts are requested to communicate the fact to 

4 Publisher, mentioning the agent’s name and 
ress, 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘Appointments Open,” “Situations 
Wanted,” ‘‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. . 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to ak 
proofs for approval. 


The Proprietors will not. hold themselves ible 


for advertisers’ blocks left in their possessi 
than two years. ears 
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THE GENIUS OF 
INDUSTRIAL RESEARCH. 


Mucx of what has been written and spoken, 
since the end of the war, about the future of scien- 
tific research in this country has been concerned 
with the great volume and diversity of work to be 
done, and the cost and methods of educating a 
vastly increased number of technicians to do it. 
Too little seems to bave been said publicly, what- 
ever may have been thought privately, about the 
mental characteristics needed for research work 
and whether they are likely to be adequately 
imparted by the curricula of universities and 
technical colleges. It is a moot point, indeed, 
whether true research is not the product of a 
special type of mind innately endowed with qualities 
that may perhaps be fostered but cannot be created 
by technological training. Certainly it seems too 
much to take for granted that the rate of scientific 
advance is at all simply related to the number of 
persons nominally engaged in research. For one 
thing, the encouragement of research by the State 
and industry has increased its attractiveness as a 
career and facilitated in many ways the admission 
of applied science students into training establish- 
ments, thereby inevitably diminishing the propor- 
tion of men who take up research under the com- 
pulsior of a native gift for such work. For another, 
the outstanding discoveries of science, historically 
reviewed, are associated with a succession of great 
names and are clearly the results of individual 
genius rather than of the number of brains bent on 
solving specific problems. 

Without diminishing the achievements of the 
great ones, however, it is fair to admit that the 
days when the essentials of a research laboratory 
could be carried about on a tea tray are gone for 
ever. The scale of experiment, especially in most 
branches of industrial research, is such as to demand 
the combined efforts of a team, all of whom contri- 
bute something valuable and essential to the final 
result. It may well be, moreover, that the genius 
of the outstanding figures of scientific history, 
while unquestionably something greater than “a 
transcendent capacity of taking trouble” and, in 
all probability also, something which its fortunate 

did not consciously realise, is nevertheless 
capable of analysis. If such is the case, and if the 





component qualities are found to be such as can 
be taught, or acquired by training and practice, 
rather than being predominantly of the nature of 
inspiration, then that is itself an important dis- 
covery. It opens the possibilities that men and 
women undertaking research with merely conven- 
tional scientific qualifications may cultivate in 
themselves the seeds of success; that directors of 
research establishments and leaders of team investi- 
gations may plan and supervise more wisely ; and 
that managements and administrators of research 
expenditure may judge its progress more accurately 
and gauge its commercial prospects more con- 
fidently. 

These possibilities deserve the more serious con- 
sideration in this country to-day from the economic 
importance of extracting the utmost efficiency from 
the elaborate and costly organisation of research on 
behalf of industry. The matter is perhaps of less 
moment as regards pure academic research, inasmuch 
as the fewer workers engaged in it are individually 
more likely to have at least some of the qualities 
that go to make up a vocation. Among the mass of 
industrial researchers, however, there must be many 
of ordinary talents who do not even realise that 
their work can be made more purposeful and 
valuable; while there must be many more who 
are aware of something lacking in their approach 
to the problems of applying science, without 
knowing what is amiss or how to set it right. 
The incentives to do so are more successful results 
with less expenditure of time and effort on the part 
of the individual or team, and a greater contribution 
of science to the prosperity of technical industry. 

Both these incentives are powerful enough to 
justify the careful study of a book,* recently 
published in the United States, which sets out to 
prove that successful industrial research is more a 
matter of methodical thinking than of inspiration ; 
and, by analysing the ‘methods of thought and 

ure followed by notable . investigators, to 
discover underlying principles that may guide 
young researchers to a better understanding of 
their work and a greater competence in doing it. 
The author’s qualifications for this considerable 
undertaking are not explicitly stated, but it may 
be surmised from internal evidence that he is a 
man with academic as well as industrial experience 
in chemistry; and there is no question at all of 
his ability to convey something of his own enthu- 
siasm in clear and entertaining language. Modestly 
disclaiming originality for the statement, in terms 
of modern research, of scientific methods of thought 
that have been practised by all the great natural 
philosophers of history, he does not hesitate to 
express opinions which some scientists might regard 
as unorthedox, or psychological beliefs which he 
admits would shock professional psychologists. 
Among them, probably, is the bald statement that 
the research genius with ideas that work has a 
subconscious mind far more efficient than his 
conscious one, guiding him inexplicably to the 
perfect solution of a problem by the activities of 
certain brain cells endowed with the special faculty 
of reducing chaos to order. Flashes of genius 
consequently prove to be nothing more than a 
thorough knowledge of the subject combined with 
the application of common-sense principles. 

If identical operations are performed consciously 
and deliberately, scientific genius appears as a 

of methodical thought and experiment, 
which, Mr. Killeffer considers, can be inculcated by 
training or mental discipline with highly beneficial 
results in the industrial fields, whereas the eccen- 
tricities of geniuses and their dislike of organisation 
may seriously handicap the productivity of com- 
mercially valuable research. Even Mr. Killeffer, 
however, has to admit that intelligence and imagina- 
tion, combined with ability to see beyond mere 
surface indications, are essential to successful 
research, and it is at least arguable that these 
intangible faculties are closely akin to genius. 
They certainly vary greatly among individuals of 
similar scientific education, and Mr. Killeffer does 





* The Genius of Industrial Research. By D. H. 
Killeffer. Reinhold Publishing Corporation, 330, West 
42nd-street, New York 18. [Price 4-50 dols.); Chap- 
man and Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 27s. net.] 
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not penetrate far into the possibilities or methods 
of cultivating them in minds where they do not 
flourish naturally. This omission, and an acknow- 
ledgment of marked differences between the objects 
and methods of approach in pure and applied 
scientific investigation, are clearly a retreat from 
his first blunt thesis that the apparently inspired 
work of outstanding men and women is nothing 
more than the outcome of logical thought processes 
which others can employ. Later in the book, 
Mr. Killeffer cites an investigation that would have 
been prematurely abandoned but for an accidental 
result. In another place, he concedes that a mind 
as brilliant as that of Irving Langmuir can leap 
from little evidence and few experiments to theories 
of tremendous value, and he ends his last chapter 
with a quotation from a notable American chemist, 
Thomas Midgley, Junr., to the effect that luck is 
essential to success in applied research. 

In short, Mr. Killeffer somewhat overplays his 
hand in an otherwise laudable attempt to counteract 
the exaggerated emphasis on the seeming marvels 
of applied science which he deplores in popular 
journalism and advertising. Granted, however, 
the occasional flowering of native genius, it is 
beyond dispute that industrial research as a whole 
must be founded on orderly and logical habits of 
thought, supplemented by experiments carefully 
designed to confirm or disprove tentative theories ; 
and that such procedure can be cultivated by 
education and improved by practice. The educa- 
tion, also, must Obviously include a foundation of 
technical knowledge in which fundamental prin- 
ciples are more important than factual information. 
In a typical investigation, the first step is to 
formulate a clear statement of the problem and 
its limitations. Mr. Killeffer holds that the ability 
to accept problems in the most general terms, and 
then to restate, analyse and sub-divide them is of 
the highest value, both in management and research 
staff. He might have gone farther, and said that 
research cannot evolve solutions that are economical 
or practicable without learning from management 
what its problems are, and being encouraged to 
view them from the management standpoint. 

The deep waters of a scientific investigation 
abound with fascinating red herrings, so that pro- 
gress towards a specified object is furthered if, as 
Mr. Killeffer wisely advocates, the original definition 
of the problem is kept clearly in mind and modified 
only for reasons that appear good in the light of 
advancing knowledge. An excellent first step 
towards such knowledge is a survey of the relevant 
literature. It saves time in the long run and often 
suggests a useful tentative theory or two for experi- 
mental checking, after which the research is well 
under way. Each hypothesis in turn must be 
logically considered, and confirmed or refuted, until 
eventually an adequate solution appears for final 
development into a result of lasting value. Any 
such basic outline as this admits of variation, of 
course, according to the type of problem, and 
Mr. Killeffer deals in his book with some of the 
distinctions between researches aiming, respec- 
tively, at processes, products and equipment. He 
realises, too, that variations in detail arise from the 
type of subject under investigation ; and, since his 
subject is chemistry, some of the finer points of the 
work he describes are rather beyond the appre- 
ciation of engineers. The methods underlying 
industrial research are, nevertheless, consistently 
evident, and carry greater conviction for being 
exemplified by verbatim quotations from investiga- 
tors’ own accounts of the class of work that pro- 
duced high-octane petrol, gas-filled lamps, celluloid, 
synthetic rubber and modern refrigerants. 

Incidentally to his major theme, Mr. Killeffer 
uses the admirable qualities of such original accounts 
of revolutionary developments, many of which are 
Perkin Medal Lectures, to emphasise the importance, 
both to the research worker and his employer, of the 
ability to describe an investigation and its results 
and conclusions in good plain English. Industrial 
research has to justify itself economically, and it 
will do so more readily and manifestly if the accounts 
of its achievements are presented to those who have 
the responsibility of commercialising them, with the 
same straight methodical thinking as was the basis 
of the scientific work itself. 








POWER DEVELOPMENTS IN 
ONTARIO. 


AN electric-supply authority that operates over 
an area of 412,582 sq. miles, supplies 944 munici- 
palities and has a peak load of 2,755,000 h.p., 
may be expected to have to deal with many difficult 
administrative, as well as technical, problems in 
the course of its activities. These figures relate to 
the Hydro-Electric Power Commission of Ontario, 
but the area over which power is supplied is less 
than that given. The figure represents the total 
area of the Province of Ontario, throughout which 
the Commission was given authority to supply 
power when it was set up in 1906, but no supplies 
are yet furnished in the undeveloped northern part 
of the Province abutting on Hudson Bay. Develop- 
ments have taken place, however, in what may, 
perhaps inconveniently, be described as the southern 
part of the northern area, particularly in connection 
with the supply of power to mining properties. 
This part of the Commission’s area has been formed 
into a separate administrative district and is known 
as the Northern Ontario Properties. 

In the Southern Ontario System, to which by far 
the greater part of the power generated, or bought, 
by the Commission is supplied, the general system 
of operation is for current to be furnished in bulk 
to municipalities, or groups of municipdlities, to 
large industrial consumers, and to rural power 
districts. In large towns and thickly populated 
areas, retail distribution is in the hands of local 
bodies which are under the general supervision of 
the Commission; in rural areas, the Commission 
not only provides bulk power, but conducts all the 
physical and financial operations in connection 
with distribution. The Commission’s activities and 
the scale of its operations have grown steadily 
since its inception ; in 1918, the capital investment 
was less than 100 million dollars, it now exceeds 
600 million; in the same period developed and 
purchased power resources increased from a capacity 
of 300,000 h.p. to 2,700,000 h.p. 

In view of the growing magnitude of its opera- 
tions and the fact that a continually increasing 
demand made it clear that an extensive develop- 
ment programme would have to be undertaken, the 
Commission, in 1946, retained Messrs. J. D. Woods 
and Gordon, Limited, a firm of industrial consult- 
ants, to advise on administrative organisation, and 
the Stone and Webster Engineering Corporation to 
report on power resources. Mr. G. T. Clarkson, of 
Messrs. Clarkson, Gordon and Company, was re- 
tained to advise on financial problems. At the time 
of the preparation of the latest annual report of the 
Commission, the fortieth, which covers the year ended 
October 31, 1947, the reports on engineering and 
financial matters were not available, but in con- 
nection with administrative organisation, the recom- 
mendation of the consultants that regional offices 
should be set up in the various municipal areas had 
been accepted. The managers of these offices are 
responsible for the operation and maintenance of 
all Commission properties in their areas and have 
“authority to take prompt and decisive measures 
on any matters within their range of administrative 
duties.” 

The Stone and Webster Engineering Corporation 
have been asked to veport on the present and future 
sources of power, probable demands, and the 
desirability of augmenting power resources in certain 
hydro-electric areas by the construction of steam 
stations. This is clearly an extensive programme 
and the item “probable demands ” involves con- 
siderations other than those of a directly engineering 
nature. At the present time, demand is greater 
than capacity. In December, 1947, the 20-minute 
coincident peak on all systems taken together was 
2,726,917 h.p., but the total power demand, deter- 
mined by estimating the industrial load which was 
not met owing to power cuts, was 2,994,900 h.p. 
These figures, showing a demand of 267,983 h.p. 
which could not be served, do not actually represent 
the whole of the potential load which could not be 
carried, as a rationing system for large power con- 
sumers was in operation and a vigorous campaign 
for domestic economy, of the type familiar in this 
country, was being carried on. The growth in 











demand is so great that it was only in the months 
of July and August that the full load could be 
carried. 

It is particularly on the Southern Ontario System 
that it has been necessary to curtail supplies to 
industrial consumers. This system covers the 
highly developed part of the Province lying to the 
north of Lake Erie and Lake Ontario and containing 
all the important towns, and the growth in the 
load is evidence of industrial activity and material 
prosperity. The estimation of the rate of growth 
of demand in a district of this kind involves consi- 
derations bearing on population changes, housing 
developments, industrial progress and other matters 
of a non-engineering nature No doubt the best 
guide is furnished by the load curve over recent 
years. This rose steeply between 1937 and 1943, 
but decreased its slope slightly between the latter 
year and 1947, possibly because the full increase in 
potential demand could not be met. 

It is possible that some improvement in the 
position was expected in the period immediately 
following that with which the report is concerned, 
as the second 77,000-h.p. set at the DeCew Falls 
generating station was put into service on Septem- 
ber 26, 1947, but it is stated that the demand 
continued to increase to such an extent that the 
load cuts in November and December, 1947, 
exceeded those for the corresponding months in 
1946. The DeCew Falls station is situated on the 
Niagara Peninsula and draws its water from Lake 
Erie by way of the Welland Ship Canal. The setting 
in operation of the second set in this station marks 
the completion of the first of the Commission’s 
major post-war projects. There are three other 
major power-station developments in progress on 
the Southern Ontario System. The 80,000-h.p. 
Stewartville station on the Madawaska ' River, in 
the eastern part of the system was expected to go 
into service in September, 1948. The most important 
work in hand is the 480,000-h.p. Des Joachims 
station on the Ottawa River, in the same area. 
It will contain eight generating sets, four of which 
are expected to be in operation in 1950 and the 
remaining four in 1951. The other project, also 
on the Ottawa River, is the 160,000-h.p. Chenaux 
station. This is still in a relatively early stage of 
construction, but it is hoped that it will be in 
service in 1951. 

Difficulty in dealing with the demand in the winter 
of 1946-1947 must have been seriously accentuated 
by a breakdown on the transmission line between 
DeCew Falls and the City of Hamilton in December, 
1946. As the result of a sleet storm of unusual 
severity, 137 of the towers of two of the 44,000-volt 
lines collapsed under the weight of the ice on the 
conductors. The damaged eircuits were not restored 
to normal service until March, 1947. In addition to 
insufficient generating plant and difficulties caused 
by breakdowns, of which the major one mentioned 
above is not the only one recorded, difficulty was 
experienced due to water shortage. The principal 
storage reservoirs throughout the Province were 
below normal level at the beginning of the 1946-1947 
winter season and, although conditions improved 
during the spring, the overall situation on entering 
the 1947-48 winter season was worse than that of a 
year earlier. In the north-eastern area, winter 
water levels were the lowest recorded for 13 years. 

The operations of the Commission are complicated 
by the fact that it furnishes supplies at both 25 and 
60 cycles per second. One of the matters which the 
engineering consultants have been asked to consider 
is the question of standardising the frequency at 
60 cycles in Southern Ontario and the financial and 
other matters involved in changing over the equip- 
ment in municipalities now supplied at 25 cycles. 
In connection with this matter of two frequencies, 
a 25,000-kW frequency-changer station has been 
built at Scarborough, near Toronto, to supply 
60-cycle power to the Georgian Bay division of 
the Southern Ontario System. A number of new 
power stations are being built to serve the Northern 
Ontario Properties and the Thunder Bay System, 
which lies on the north side of Lake Superior. 
These include a 53,000-h.p. station on the Agua- 
sabon River, which was expected to be in service in 
September, 1948, and a 56,500-h.p. station on the 
Mississagi River, to be completed in December, 1949. 
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NOTES. 


Tue Honovrs List. 


Somz well-known engineers and scientific men 
figure in the New Year Honours List, published on 
December 31, 1948. Knighthoods have ‘been con- 
ferred upon Mr. A. J. Gill, M.I.E.E., Assistant 
Director-General (Engineering), General Post Office ; 
Mr. J. H. Goddard, President, of the Machine Tool 
Trades Association ; Dr. H. L. Guy, C.B.E., M.I.C.E., 
M.I.Mech.E., F.R.S., chairman of the Mechanical 
Engineering Research Organisation, Department of 
Scientific and Industrial Research, and secretary, 
Institution of Mechanical Engineers; Mr. John 
Hacking, M.I.E.E., deputy-chairman, British Elec- 
tricity Anthority ; Mr. D. MacL. Skiffington, C.B.E., 
M.LN.A., J.P., director, John Brown and Company, 
Limited, Clydebank, and Mr. T. E. B. Young, 
M.L.Min.E., M.I.C.E., F.G.S., production member 
of the National Coal Board. Sir Henry T. Tizard, 
K.C.B., A.F.C., F.R.S., has been created a knight 
Grand Cross of the Order of the Bath, Colonel 
P. G. J. Gueterbock, C.B., D.S.0., M.C., immediate 
past-president of the Institute of Metals, a Knight 
Commander of the Order of the Bath, and Engineer 
Rear-Admiral S. O. Frew, C.B., a Knight Comman- 
der of the Order of the British Empire. The new 
Commanders of the Order of the British Empire 
include Mr. Atholl Blair, M.B.E., M.I.Mech.E., 
M.I.N.A., engineer manager and director, Harland 
and Wolff Limited, Belfast; Mr. O. V. S. Bulleid, 
M.I.Mech.E., chief mechanical engineer, Railway 
Executive, Southern Region; Mr. J. R. Caseley, 
M.LC.E., deputy director, Opencast Coal Produc- 
tion, Ministry of Fuel and Power; Mr. P. A. Cooke, 
O.B.E., M.C., director, Engine Production, Ministry 
of Supply; Colonel W. C. Devereux, F.R.Ae.S., 
managing director, Almin Limited, and chairman, 
International Alloys, Limited; Mr. I. G. Evans, 
assistant secretary, Department of Scientific and 
Industrial Research; Lt.-Colonel F. G. Hill, M.C., 
M.I.C.E., deputy chief engineer, Ministry of Health ; 
Mr. V. Kenniff, M.I.C.E., M.I.E. (Aust.), director, 
Public Works, Hong Kong ; Colonel H. L. Lendrum, 
A.M.IL.E.E., Corps of Royal Engineers; Mr. I. D. 
MacLennan, M.I.E.E., chief electrical engineer, 
Public Works Department, Sierra Leone ; Mr. J. A. 
Milne, chairman and managing director, J. Samuel 
White and Company, Limited, Cowes; Mr. James 
Mitchell, managing director, Iron ard Steel Produc- 
tion, Stewarts and Lloyds Limited ; Professor F. H. 
Newman, D.Sc., Ph.D., A.R.C.Sc., F.Inst.P. 
A.M.LE.E., University College, Exeter ; Captain (E) 
O. W. Phillips, R.N. (ret.) ; Rear Admiral (E) H. 8. 
Roome; Mr. Harold Wilmot, President, Loco- 
motive Manufacturers Association of Great Britain ; 
Lt.-Colonel E. H. E. Woodward, M.C., T.D., 
M.LE.E., for services to the electricity-supply 
industry; and Mr. R. T. B. Wynn, M.LE.E., 
assistant chief engineer, British Broadcasting Cor- 
poration. The list of recipients of the O.B.E. in- 
cludes the names of Mr. Russell Bailey, M.I.Mech.E., 
joint managing director, Chas. Roberts and Com- 
pany, Limited; Alderman George Clark, M.I.Mech.E., 
J.P., chairman, Chesterfield Local Employment 
Committee; Mr. T. A. S. Fortune, M.I.C.E., 
M.Inst.T., general manager and secretary, Leith 
Dock Commission; Mr. H. C. Hall, M.I.Mech.E., 
F.R.LC., metallurgical research consultant to Rolls- 
Royce Limited; Mr. J. A. Lee, M.LE.E., 
A.M.I.Mech.E., construction (transmission) engineer, 
British Electricity Authority ; Mr. C. F. Marshall, 
M.L.C.E., Superintending Civil Engineer, Admir- 
alty; Mr. John Morgan, M.I.E.E., chief regional 
engineer, Welsh and Border Counties Region, 
General Post Office; Mr. L. G. Northcroft, 
M.I.Mech.E., of the Regional Fuel Efficiency Com- 
mittee, South-Western Region ; Mr. P. H. Pettiford, 
M.B.E., A.M.I.Mech.E., deputy superintendent, 
Royal Mint ; Mr. W. W. 8. Robertson, M.I.Mech.E., 
vice-chairman, Eastern Regional Board for Indus- 
try; Mr. G. M. Sisson, general manager, Optical 
Works, Sir Howard Grubb, Parsons and Company, 
Limited; Mr. G. M. C. Taylor, M.C., M.LC.E., 
senior partner, John Taylor and Sons, consulting 
engineers ; Mr. Frank Whyte, M.C., B.Sc., M.LC.E., 
engineer and manager, Caledonian Canal;  Lt.- 





Colonel E. Woodhouse, Inspecting Officer of Rail- 
ways, Ministry of Transport; and Mr. Joseph 
Wright, F.R.Ae.S., director and general manager, 
Dunlop Rim and Wheel Company, Limited. The 
distinction of M.B.E. has been conferred upon Mr. 
James Anderson, joint managing director, Anderson, 
Boyes and Company, Limited; Mr. William 
Buchanan, chief production engineer, G. and J. 
Weir, Limited, Glasgow ; Mr. A. W. Burge, machine- 
shop and tool-room superintendent, De Havilland 
Engine Company, Limited; Mr. D. C. Evans, 
principal scientific officer, Ministry of Supply ; Mr. 
C. A. Gutsell, chief designer, Elliott Brothers (Lon- 
don), Limited; Mr. J. R. Hickish, M.I.N.A., Naval 
Constructor, Admiralty; Mr. Alexander Kilgour, 
A.M.LE.E., assistant telephone manager, Glasgow, 
General Post Office ; Mr. Lionel Lynes, M.I.Mech.E., 
technical assistant for carriages and wagons, Railway 
Executive, Southern Region; Mr. G. G. Marsland, 
M.I.C.E., local fuel overseer, Cheltenham ; Mr. E. L. 
Morland, M.I.E.E., Merseyside and N. Wales Elec- 
tricity Board, British Electricity Authority; Mr. 
David Mudie, M.I.Mech.E., J.P., chairman, Lord 
Robert’s Memorial Workshops, Dundee; Mr. Wil- 
liam Ross, M.I.E.E., senior executive officer, South- 
West Scotland Division, British Electricity Author- 
ity; Mr. W. R. Shann, A.M.I.Mech.E., Engineering 

, Crown Agents for the Colonies; Mr. 
Ernest Waldron, A.M.I.E.E., electrical engineer, 
Admiralty ; and Mr. Ernest Wolsey, A.M.I.Mech.E., 
Engineer, Grade I, Ministry of Supply. 


ENGINEERING CENTENARIES IN 1949. 


On June 21, 1849, Michael Faraday communicated 
to the Royal Society a paper by James Prescott 
Joule (1818-89), entitled “‘On the Mechanical 
Equivalent of Heat,” which was the culmination of 
a long series of experiments to establish the relation- 
ship between heat and work and which gave to 
science and engineering the value 772 ft. lb. as the 
equivalent of one British Thermal Unit. Joule’s 
work, said Kelvin, was the result of “‘ measurement, 
vigorous experiment and observation, and philo- 
sophic thought all round the field of physical 
science,” and it was ‘“‘the very foundation of our 
knowledge of the steam engine and steam power.” 
In 1844, one of Joule’s papers had been refused by 
the Royal Society, but, largely through Kelvin’s 
efforts, his views were being accepted and in 1850 
he was admitted F.R.S. Another experimentalist 
of that time was Henry Clifton Sorby (1826-1908) 
who, in 1849, prepared his first thin sections of 
rocks for examination with the microscope, which 
led him to become the founder of metallography ; 
while yet another was the Frenchman, Hippolyte- 
Louis Fizeau (1819-96), who, in 1849, made the 
earliest determination of the absolute velocity of 
light. Turning from these important and far-reach- 
ing events to men who died or were born a hundred 
years ago, first in order of time come Sir Mark 
Isambard Brunel (1769-1849) and Jacob Perkins 
(1766-1849). Brunel was born in France, and came 
to England from America in 1799, while Perkins 
was born in America and came to England in 1818. 
The ingenuity and constructive ability of the former 
was shown by his remarkable machinery for making 
ships’ blocks and by the construction of the Thames 
Tunnel ; among the things for which Perkins is re- 
membered are his printing machinery for bank notes 
and postage stamps, his experiments with high- 
pressure steam boilers, and his pioneering work on 
mechanical refrigeration. The same fertility of 
invention had been shown by Joseph Bramah, who 
was born in 1749 and died in 1814, and of whom a 
full account was given by Dr. H. W. Dickinson in 
the memoir entitled ‘Joseph Bramah and his 
Inventions,” read to the Newcomen Society on 
April 22, 1942. A less fortunate inventor, who died 
in the year of Bramah’s birth, was the Scottish 
goldsmith William Ged, who reduced himself to 
indigence in his attempt to introduce the stereotype 
process. The list of notable men who were born in 
1849 is a long one and many of their names are 
familiar. Johan August Brinell (1849-1925), the 
engineer and metallurgist of Sweden, and Floris 
Osmond (1849-1912), the chemist and metallurgist 
of France, were both pre-eminent in their respective 





spheres and both were Bessemer Medallists of the 
Tron and Steel Institute. It was Osmond who coined 


the terms sorbite, martensite, troostite, etc. Of 
the three famous physicists and engineers, Sir 
Ambrose Fleming (1849-1945), George Forbes (1849- 
1936) and John Hopkinson (1849-98), little need be 
said. Hopkinson was one of a family of engineers. 
Born in Manchester, he passed from the tutelage 
of Tyndall and Frankland at Queenswood, Hamp- 
shire, to Owens College, Manchester, and thence 
to Trinity College, Cambridge, being Senior Wrangler 
and Smith’s Prizeman in 1871. His paper, written 
jointly with his brother, Edward Hopkinson (1859- 
1922) in 1886, on ‘“‘ Dynamo-Electric Machinery ” 
has long been regarded as a classic. In 1890, he 
was appointed professor of electrical engineering 
in King’s College, London, but had held the chair 
only eight years when, with three of his children, 
he met his death in an Alpine accident. Another 
engineer of note who died still younger was Alfred 
Blechynden (1849-97), a well-known designer of 
marine machinery for liners and warships, among 
which was the famous cruiser Powerful, built at 
Barrow in 1895-97. 


Cunarp-Waire Star Liver “ Caron.” 


The new passenger liner, the Caronia, left on her 
maiden voyage to New York on Tuesday, January 4. 
The Caronia was built at the Clydebank yard of 
Messrs. John Brown and Company, Limited, for 
the Cunard-White Star Line, and is the largest 
liner to be built in the world since the recent war. 
This is the second ship to be so named; the first 
Caronia, of 20,000 tons gross, launched from the same 
berth at Clydebank in 1904, was broken up a num- 
ber of years ago. The new vessel has been con- 
structed in accordance with the latest requirements 
of Lloyd’s Rules and has obtained the highest class 
certificate. The length overall is 715 ft., the moulded 
breadth 91 ft., and the depth moulded to the pro- 
menade deck 70 ft. 3 in., while the gross registered 
tonnage is given as 34,183. There are ten decks, 
designated, from above, the sports, sun, promenade, 
main, “ >? restaurant, “ — “ hg “ D ” and “ E ” 
decks. The “A,” restaurant and “ B” decks are 
continuous fore and aft, while “‘ C ” and “ D ” decks 
extend forward and aft from the machinery spaces. 
Ten transverse watertight bulkheads form the main 
watertight compartments of the vessel above the 
double bottom. The Caronia is propelled by twin 
screws, each of which is driven by a set of Parsons- 
type triple-expansion geared turbines. Steam for 
the turbines is supplied by six side-fired five-drum 
Yarrow-type water-tube boilers, one of the drums 
acting as the superheater header. Four of the 
boilers each have a normal evaporation of 86,000 Ib. 
of steam an hour, while the two remaining boilers 
each have a normal evaporation of 50,000 Ib. an 
hour, the steam being supplied at a pressure of 
600 Ib. per square inch gauge and a temperature 
of 800 deg. F. The vessel has been designed both 
for use on the North Atlantic service and for 
tropical cruising; as a consequence, the hull and 
superstructure are painted in four shades of green, 
since ships painted in light colours are cooler in the 
tropics. Another notable departure from established 
Cunard practice is the use of a single tripod mast 
set abaft the navigating bridge. When the vessel 
is on the North Atlantic service, two classes of 
passengers will be carried, namely, first and cabin 
class, but when cruising, only one class. With two 
classes of passengers there will be accommodation 
for 581 first-class and 351 cabin-class. 


Tue Fourth Woritp PowER CONFERENCE. 


The first World Power Conference was held in 
London in 1924, in connection with the British 
Empire Exhibition, and London is to be the venue 
also of the Fourth Conference, to be held in July, 
1950, when the general subject for discussion will 
be ‘‘ World Energy Resources and the Production of 
Power.” The headquarters will be at the Institution 
of Civil Engineers, but some of the technical sessions 
will be held in the halls of the other leading institu- 
tions. The opening date is July 16, 1950, and after 
the close of the Conference on July 15, the members 
will have the opportunity to take part in a series 
of study tours, which will last for about a week. 
The chairman of the Conference and of the Organis- 





ing Committee is Sir Harold Hartley, F.R.S., and 





16 


ENGINEERING. 





JAN. 7, 1949. 








the general secretary is Mr. C. H. Gray, who is also 
secretary of the International Executive Committee 
of the World Power Conference. The technical 
programme is divided into three sections, dealing, 
respectively, with energy sources and power de- 
velopments, the preparation of fuels, and the 
production of power. A Programme and Papers 
Committee has been formed, under the chairmanship 
of Mr. Harold Hobson, and a General Reporter will 
summarise the papers submitted under each heading 
and will suggest topics for discussion. Other com- 
mittees that have been set up are the Finance 
Committee, with Mr. D. W. Coates as chairman ; 
and the Reception and Entertainments Committee 
presided over by Colonel C. M. Croft, D.L. All 
papers to be submitted by United Kingdom authors 
will be prepared in response to invitations from the 
Programme and Papers Committee, who will proceed 
shortly to consider the arrangements to be made. 
Suggestions for papers, and requests for the technical 
programme or other particulars, should be addressed 
to the General Secretary, Fourth World Power Con- 
ference, 201-2, Grand Buildings, Trafalgar-square, 
London, W.C.2. (Telephone : WHltehall 3966.) 


STANDARDISATION OF TEXTILE-MACHINERY 
COMPONENTS. - 


At a recent conference of representatives of the 
textile industry, held in Manchester to discuss the 
standardisation of accessories and components of 
textile machinery, it was agreed to take speedy 
action to meet existing needs. Among the matters 
put forward for the immediate attention of stan- 
dardising committees were pirns (for spinning and 
rewinding), ring doubling-frame bobbins, shuttles and 
shuttle boxes and loom change wheels. It was also 
agreed that spindle and reed sizes and the angle of 
off-set and the width of looms needed consideration. 
As a result of the conference, committees represent- 
ing the various interests concerned were set up to 
initiate and carry on the work. The facilities pro- 
vided by the British Standards Institution were 
utilised to form these committees, which have 
already started work on the standardisation of 
pirns, ring doubling-frame bobbins and the sizes of 
spindles. Committees to deal with the remaining 
items are in process of formation. Although the 
implementation of specifications produced in conse- 
quence of the deliberations of the various committees 
will be a long-term policy, it was agreed that these 
should be adopted as soon as possible, since the 
resulting increased efficiency in mill operation 
would be reflected in increased production and 
reduced overhead charges. 


Tue Surpevitpine InpvustTRY. 


In a review of the position of the British Ship- 
building industry at the end of 1948, the Shipbuild- 
ing Conference draw attention to some economic 
considerations and practical problems which should 
be taken into account, both in assessing its perform- 
ance over the past twelve months and in surveying 
its prospects for the immediate future. Vessels 
completed during the year totalled approximately 
1,200,000 tons gross, though it is pointed out that 
this figure included four large ships (the last of these 
being the Caronia, of 34,000 tons) which had been 
in hand for two years or more. Even so, the total 
is a good one, and there is or should be encourage- 
ment in the fact that ships now under construction 
represent a further 2,000,000 tons and there is 
another 2,500,000 tons on order but not yet laid 
down. On paper, this is an encouraging prospect ; 
but, as the Conference review emphasises, steel 
deliveries to the industry during 1948 corresponded 
only to a million tons gros», and the best promise 
that the Government can make for 1949 is no better 
than a 5 per cent. increase ; whereas the industry’s 
own post-war programme was based on an annual 
output of 1,700,000 tons gross, and orders had been 
accepted in the expectation that this figure could be 
attained. The effect of the restricted supplies of 
steel has been to retard deliveries of ships in hand, 
to increase their cost, and, of course, to delay the 
commencement of work on new orders. With regard 
to the future, the report observes that, while “ over- 
all statistics give an appearance of continued 
health and general prosperity in the industry to-day 
and for the years immediately ahead, the long-term 








outlook is not without its anxieties ” ; which is true 
enough, of course, though perhaps we may comment 
that (war years excepted) the same might have been 
said at any time in the past half-century, and 
frequently was said. It is the normal state of 
almost any industry which is liable to be affected 
by variations in the production of primary commo- 
dities, by “economic blizzards” which it can do 
little to control, or by wars and rumours of wars. 
Nevertheless, there is immediate warrant for a 
repetition of the familiar warning in the fact that 
the flow of orders for new liner tonnage has ceased, 
and that the same applies almost as completely to 
tramp tonnage and even coasters. Of the orders 
now in hand, nearly a third of all the vessels on the 
building berths, and two-thirds of the tonnage not 
yet laid down, consists of tankers; an abnormal 
state of affairs which the Conference report attri- 
butes largely to the current high level of building 
costs. It is accepted that this is more or less 
inevitable in an industry which is ‘ the greatest of 
all assemblers,” since it is affected by the rising cycle 
of costs in every other industry ; but it is suggested 
that a greater realisation of the importance of the 
shipbuilding industry to the national economy, if 
recognised by a more liberal allocation of steel— 
half as much again as the actual figure being the 
real requirement—would do much to increase pro- 
ductivity and reduce costs. At the present time, a 
considerable labour force is employed on the recon- 
version of liners from war to peace uses, and the 
completion of this programme and the arrears of 
repair work (which is to be expected in the near 
future) is likely to release more labour than can be 
kept employed on the existing allocation of steel 
for new construction. It is estimated that the 
value of the tonnage in hand and on order is about 
325,000,0001., of which 110,000,000]. represents 
work for Dominion and foreign owners—in other 
words, exports. From the practical point of view, 
therefore, there is every reason why the industry 
should be kept as fully employed as possible, so 
that costs may be kept down and the flow of export 
orders maintained. 





LETTERS TO THE EDITOR. 
¥ =— 
BRITTLE FRACTURE OF !MILD- 
STEEL PLATES. 


To THE Eprror oF ENGINEERING. 


Sm,—As one reads in your recent issues, and 
with particular reference to your issue of December 3, 
1948, the reprints of discussions which took place 
some years ago, one wonders whether the subject 
of brittle fracture of mild steel has not been compli- 
cated beyond redemption; there are the almost 
pure magic imponderabilities of Dr. Orowan, Dr. 
Tipper’s lack of success in trying to measure the 
effective ductility of steels, and Mr. Barr’s seeming 
neglect of the fundamental difference between 
American and British structural steels during the 
war period. 

I provided in your issue of April 26, 1946, page 
401, a simple explanation of the Izod notch-bar 
test in terms of the measurable physical properties 
of steels. That explanation is either wrong or it is 
right. Iam quite sure it is right and there is nothing 
imponderable about it. It depends on an under- 
standing of the simple physical facts about steels 
which anyone who spends a year or two in steelworks 
could acquire, if he so desired. With such a 
background, Sir Lawrence Bragg could not possibly 
have talked of an “elastic force” as if there were 
some magic mumbo-jumbo about it. Is there such 
a thing as a “plastic” force also, something 
different from an “elastic” force ? Surely a force 
is a force and it produces an elastic and a plastic 
deformation, the plastic deformation being negligible 
at working stresses. The most striking characteristic 
about steel is that it can be stretched a certain 
amount with a rising load. Ifthe high-speed stretch 
with a rising load is very small, that is, if the 
“impact” effective ductility is very small, the 
Izod value is low. 

The other essential fact to be grasped is that it 
takes time for the full plastic deformation equivalent 


to a given stress to develop. If this fact were 
appreciated, research workers would spend a lot of 
time measuring the stress-strain relation of steels 
at various speeds and very little time on the purely 
academic problem of an upper and a lower yield 
point. Had the explanation I gave been appre- 
ciated, Dr. Tipper would have determined the effec- 
tive ductility of the steels statically and at various 
speeds of loading. 

American structural steel has been supplied for 
many years to a minimum yield point specification ; 
British steel has not. Surely this is significant. 
If the steel manufacturer has to produce steel to 
a minimum yield point, he aims at a yield point 
two or three tons per square inch above the mini- 
mum. In fact, and in general, he sacrifices effective 
ductility because no one thinks to demand a 
minimum effective ductility. Usually there is 
enough effective ductility, but occasionally a batch 
gets through in which the effective ductility is 
inadequate at high loading rate or at low loading 
rate, and a welded ship collapses, and Mr. Barr 
questions whether low manganese content is the 
reason. It may be manganese content or carbon 
content or the wrong rolling temperature, or many 
other things. The point is a physical “‘ yardstick ” 
is required, and I suggest that a minimum effective 
ductility specification is the yardstick. I would 
put the minimum at 15 per cent., both statically 
and at “impact” speeds. In adopting a minimum 
yield point specification in the new B.S.S. 15-1948, 
without at the same time specifying a minimum 
effective ductility, engineers are inviting occasional 
trouble. 

In clinging to outworn ideas of elastic limits, and 
triaxial stresses and strains, and other complexities 
born of the mathematical theory of elasticity, and 
in trying to provide abstruse metallurgical explana- 
tions of straightforward physical facts, we are 
fiddling while Rome burns. 


Yours faithfully, 


A. C. Vivtan, M.I.C.E. 
Beaufort House, 
Gravel-lane, 
London, E.1. 
December 31, 1948. 








THE METRIC SYSTEM. 
To THE Eprror oF ENGINEERING. 


Smr,—Are not the advocates of the metric system 
in danger of overlooking the fact that the advis- 
ability or otherwise of adopting it is a matter to 
be decided on the basis of actual experience, rather 
than on any ideological, moral, or ethical considera- 
tions. Surely the fundamental question is whether 
manufacturers in the metric countries can produce 
@ given output with fewer designers, draughtsmen, 
mechanics, estimators or pay-clerks than are 
required by British or American firms engaged on 
similar work. I think it will be found that the 
output per man is not higher, to say the least, under 
the metric system, and if this is true there seems no 
reason why the two most advanced industrial coun- 
tries in the world should derive any benefit from 
revolutionising their own practice. 

It should not be difficult to obtain comparable 
statistics of productibility in many fields. Can a 
Continental pharmacist, for example, make up more 
prescriptions per day than his British counterpart, 
or can a foreign bank deal with a given number of 
cheques per day with a small staff or with fewer 
errors? So far as mental arithmetic is concerned— 
and this, after all, is predominant in everyday life— 
I have never heard of a railway booking clerk in this 
country having to resort to pencil and paper before 
he could slam down the correct change, whereas in 
countries with a decimal currency every such clerk 
has to keep a writing pad handy. No ordinary man 
can do sums involving so many figures in his head 
with certainty. 

Yours truly, 
R. H. Parsons. 


Ticehurst, 
Sussex. 








January 1, 1949. 
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OIL SYNTHESIS IN 
RELATION TO ELECTRICITY 
AND GAS SUPPLY. 


By P. Scuitier, Dipl.-Ing., M.I.E.E. 


A Great deal of confusion has been caused by the 
fallacy that the so-called “‘ overall thermal effici- 
ency” of the coal-carbonisation process. i.e., the 
ratio of the sum of the heat contained in vhe coke, 
gas, and by-products to the heat content of the 
original coa], can be compared with the thermal 
efficiency of electricity generation. This implica- 
tion becomes more serious, when this “overall 
thermal efficiency” is regarded as the “ efficiency 
of gas production.” To quote actual figures, an 
efficiency of 73 per cent. for gas has been compared* 
with 18 per cent. for electricity. This fallacy is, of 
course, chiefly due to a disregard of the fact that 
the traditional carbonisation process results in only 
a partial gasification of coal and that the coke 
should be regarded as a residue. 

Some gas engineers are fully aware of the situa- 
tion. For instance, in Publication No. 278/111 of 
the Institution of Gas Engineers it is stated: 
** Allowing for the thermal value of the by-products 
tar, benzole, etc., . on the average each 2 tons of 
coal processed at the gasworks at present produces 
150 therms of gas and 1 ton of coke for sale. If this 
ton of coke did not go into the solid-fuel market it 
would have to be replaced by at least one ton of coal. 
Thus the production of 150 therms of gas can be 
regarded as having used up only 1 ton of the nation’s 
solid-fuel resources.”” As the calorific value of 1 ton 
of gas coal is usually taken as 300 therms, this 
reasoning results in a gas production efficiency of 
50 per cent.t It does not, however, allow for the 
fact that the calorific value of 1 ton of coke is only 
about 90 per cent. of that of an equal weight of coal ; 
and that a part of the coke breeze is lost to the fuel 
market. With appropriate adjustments for losses 
in distribution, the correct gas-preduction effi- 
ciency is therefore about 45 per cent. Taking the 
“working efficiency” of an ordinary gas fire as 
40 per cent. (as stated in the Simon Report) and that 
of an electric fire as 100 per cent., comparative “‘ coal- 
economy efficiencies ” of 45 x 40 x 10-*, or 18 per 
cent., for a gas fire and 18 x 100 x 10-, or 18 per 
cent., for an electric fire are obtained—a result which 
is quite different from 73 per cent. and 18 per cent. 

As a correct assessment of the comparative coal 
economy of gas and electricity for domestic heating 
is of vital importance in establishing a national fuel 
policy, the author dealt with this problem in a 
papert which was read before the Institution of 
Electrical Engineers in 1947. In this he pointed 
out that with the methods of producing and utilising 
gas and electricity now in common use, there is no 
significant difference in coal economy between the 
two heating agents for domestic purposes. As 
evidence of this he calculated the comparative coal 
consumption of a post-war local-authority type 
house equipped according to the recommendations 
of the Simon Report, in which the main winter 
space- and water-heating requirements were supplied 
by solid fuel, and the rest of the services by gas or 
electricity. Although numerous representatives of 
the gas industry have taken part in the discussions 
on this paper, this calculation has not been im- 
pugned. The conclusion is that, assuming that no 
decisive disparity exists between gas and electricity 
on the grounds of amenity and cost to the consumer, 
and that—wherever feasible—new dwellings are pro- 
vided with a supply of electricity, it is economically 
wasteful to supplement this supply with gas, as 
this involves duplication of house and distribution 





* Post-War Building Studies No. 19. London: H.M. 
Stationery Office. Report of the Fuel and Power Advisory 
Council on Domestic Fuel Policy, 1946. London: H.M. 
Stationery Office. 

t A similar value is obtained when using a formula 
put forward by Dr. C. R. Pexton and quoted in a paper 
presented by another prominent gas engineer to the 
“* Fuel and the Future ” Conference in 1946. 

t P. Schiller, ‘‘ Comparisons Between Gas and Elec- 
tricity on the Basis of Coal Economy.” Journal of the 
Institution of Electrical Engineers, vol. 94, Part I, page 
355 (1947). 





plant and increases both the capital and working 
costs. 

This conclusion depends, however, on the satis- 
factory solution of two further problems: smoke- 
abatement and maintenance of the supply of car- 
bonisation by-products. With regard to the former, 
domestic space-heaters have been developed in this 
country which enable bituminous coal to be burnt 
with much-reduced smoke emission, while in the 
United States completely smokeless combustion 
has been achieved.* Coke is supposed to have a 
higher working efficiency, especially when used in 
appropriate domestic appliances. It is, however, 
definitely inferior as regards ignition and maijnten- 
ance of combustion, unless it is burnt continuously. 
If it is assumed that the aversion of the ordinary 
domestic consumer from using coke in appliances 
other than independent boilers can be overcome 
by furnishing him with a suitable space-heater with 
a back-boiler and persuading him to use it through- 
out the winter without letting the fire go out, the 
relevant recommendation of the Simon Report 
would be practicable. The solution of the smoke- 
abatement problem would then depend upon the 
provision of the requisite quantities of smokeless 
solid fuel, including coke. 

Accepting the necessity of producing coke and 
by-products, the only remaining difficulty is the 
disposal of the associated gas output. Hitherto, 
one of the strongest arguments in support of the 
preservation, and even the expansion, of the gas 
industry has been that it enables the large quan- 
tities of coke and by-products required in the 
national economy to be produced economically. 
The use of gas as a fuel for gas-turbine plant has 
been suggested. Another possible line of develop- 
ment, which will now be discussed in detail, is 
to employ the gas which is a product of coke manu- 
facture, for making synthetic hydrocarbons. In 
discussing this question, the author would like to 
make it clear that he is only giving his personal 
opinion and to express the hope that what he says 
will be considered as an attempt to advance know- 
ledge and not as an example of partisanship. 

As is well understood, the life of the known 
natural oil reserves of the world can be estimated in 
terms of decades at the present rate of consumption. 
Hence, ‘‘ there is every reason to expect the gradual 
replacement of natural petroleum products by 
synthetic products in the more distant future.”t 
This quotation may be regarded as the linchpin of 
the present article. The synthesis of oil from coal, 
considerable development of which took place in 
Germany during the war, is now prominent, even 
in the United States, once the largest exporter of 
petroleum products. As the main centres of petro- 
leum production have shifted to vulnerable areas, 
such as the Middle East, it has received an addi- 
tional incentive for strategic reasons. As an illus- 
tration of the attitude of the United States, it may 
be mentioned that as long ago as 1944 an Act was 
passed by Congress providing for the expenditure 
of the equivalent of 741. million on synthetic liquid- 
fuel research, and that a new Bill proposes the 
allocation of another 1001. million, a substantial 

proportion of which is to be spent on the con- 
struction of large-scale experimental plants. While 
the problem of dwindling natural reserves has no 
immediate bearing on the position in this country, 
the same, unfortunately, cannot be said of the 
strategic aspect. It is, therefore, not surprising 
that interest in oil synthesis from coal is rapidly 
growing, especially since, so far, practical experience 
has been gained only from the processing of liquids. 

The two principal methods which are at present 
available for synthesising oil from coal, are those 
known as hydrogenation and Fischer-Tropsch. 
Both these , especially the latter, involve 
the installation of plant for coal carbonisation. It 
would be possible to base such plant on existing 
gasworks with their elaborate purification, tar- 
distillation, ammonia and benzole-recovery equip- 
ment, and to utilise the gas for oil synthesis. This 
utilisation could be effected by employing the 





* “ B.C.R. Smokeless Heaters Giving Good Results in 
Field Tests.” Bituminous Coal Research, vol. 7, page 3 
(1947). 

+ K. F. Mather, “‘ Petroleum, To-day and To-morrow.” 
The Ad t of Sct , vol. 4, page 239 (1948). 








Koppers method to obtain the mixture of hydrogen 
and carbon monoxide required in the Fischer- 
Tropsch process.* This method was developed 
primarily for producing hydrogen from coke-oven 
gas and consists in cracking the hydrocarbons in 
this gas by passing it and steam through heated 
vessels. Some blending with producer gas is 
required to give the correct synthesis-gas ratio. 
A yield of about 290 Ib. of synthetic products 
can thus be obtained for every ton of coal car- 
bonised, as well as about 7} cwt. of coke and all 
the usual by-products. Assuming that large quan- 
tities of coke will continue to be needed, as much 
as possible of the coke production would be left 
intact. 

In 1944, there were in this country 65 gas under- 
takings with individual annua] productions of more 
than 5 million therms, and these supplied about 70 
per cent. of the total sales of the industry,t or about 
1,200 million therms. An annual output of 
5 million therms corresponds to the carbonisation 
of about 70,000 tons of coal. A proportion of the 
output, however, usually consists of carburetted 
water gas. On the other hand, owing to seasonal 
variations in demand, the potential annual car- 
bonisation capacity may be regarded as considerably 
higher. For the sake of simplicity, it will be 
assumed that this size of plant is the smallest that 
could be used economically for oil synthesis, or for 
pumping gas to a central synthesis works, and that 
a total annual carbonisation capacity of 20 million 
tons of coal may thus be available. The corre- 
sponding yield data are given in Table I, which 
shows that the total of synthetic products would 
amount to just over 2} million tons, although there 


are prospects that improvements in the processes 
will lead to increased yields. 


TABLE I.—Products Obtainable from 20 Million Tons of 
Coal. 














Product. Quantity. 
Million tons. 

Condensable pes 0-36 
Petrol - ° 1-22 
Middle oil. . 0-73 
Wax 0-29 

Total synthetic products .. 2-6 
Coke ee o° on oi 7°5 
Tar ee ee ee oe és 1-1 








If the coke-oven gas now used for public-supply 
purposes were also synthesised, the yield would 
increase by about 10 per cent., at the expense of a 
relatively small additional quantity of coke. The 
middle portion of the tar, say, 0-3 million tons, 
could be used for blending with the synthetic middle 
oil, to furnish about 1 million tons of Diesel oil. 
For purposes of comparison, Table II shows the 


TABLE II. —Petroleum Imports into the United Kingdom 








in 1938. 
Product. Quantity. Remarks. 

Million tons. 
Crude oil 2-3 Mostly refined here. 
Motor spirits 4-7 
Fuel oil » ; 2-8 
Gas oil o he 0-6 Partly used for cracking. 
Kerosene .. 0-7 
Lubricating oil 0-4 

Total 1l- 











import figures of petroleum products for 1938, 
the last ‘‘ normal ”’ pre-war year. 

Assuming that most of the condensable gas of 
the Fischer-Tropsch process, and some of the wax 
products, can be used to replace imported materials, 
there would be a reduction of nearly 3 million tons 
in imports, to which must be added the large 
quantities of gas oil (0-4 million tons in 1945) 
that are now being used for carburetting water 
gas and for direct carbonisation. In order to evalu- 
ate the effect on the balance of payments, it may be 





* Report on the Petroleum and Synthetic Oil Indus- 
try of Germany. London: H.M. Stationery Office, 1947. 

+ Report of Committee of Enquiry on “The Gas 
Industry.” London: H.M. Stationery Office, 1945. 
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assumed that all petroleum imports not paid for in 
“hard currency ” if directed elsewhere, could be 
made to earn such currency, and that any surplus 
of suitable coal in this country is also exportable. 

The preceding discussion has been based on the 
supposition that the carbonising plant, which is 
now responsible for annual sales of 1,200 million 
therms of gas, could be run at constant load to 
carbonise 20 million tons of coal. Assuming that 
100 million therms came from carburetted water 
gas, the remaining 1,100 million therms necessitated 
the carbonisation of 15 million tons of coal, with 
a yield of 7} million tons of coke, part of which 
was used in the production of water gas. The 
conversion to synthetic oil production, therefore, 
involves the consumption of an additional 5 million 
tons of gas coal, still leaving 74 million tons of coke 
available for sale. Further, there is an increase of 
one-third in tar production. The replacement of 
1,100 million therms of gas by electricity would entail 
an additional consumption of about 94 million tons* 
of power-station coal. If the coke used for water- 
gas production is assumed to be offset by that 
needed for processing the coke-oven gas, the balance 
sheet shows an extra consumption of 5 million tons 
of gas coal and 94 million tons of power-station coal 
(which is of doubtful export value) against a gain 
of about 0-3 million tons of tar and nearly 3 million 
tons of synthetic products. 

While it is difficult to pronounce judgment on 
this balance without knowing what the world- 
market conditions and prices will be like in, say, 
10 years’ time, when the suggested scheme might 
begin to be effective, there can be little doubt that 
the manufacturing cost of the synthetic oil products 
will still be considerably higher than the world- 
market prices of equivalent petroleum products. 
The picture is, however, bound to change fundament- 
ally as world. oil consumption tends to overtake 
production and eventually to deplete the natural 
resources. In the meantime, the building-up of 
an indigenous synthetic-oil industry is a strategic 
necessity, and therefore there seems to be a case for 
large-scale State subsidies to tide over the period 
during which a wide gap will still exist between the 
costs of the synthetic and natural products. This is 
a measure that has been seriously considered, even 
in the United States. 

Another economic point concerns the location 
of the plants. For every 20 cwt. of coal, about 
4 cwt. of tar and synthetic products, and 7} cwt. of 
coke, altogether about. 114 cwt., will result, most 
of which will be used in the towns concerned. In 
view of the long time it will require to provide 
wdequate power-station and distribution facilities 
to take over the present gas load, the transfer 
would have to be made in stages ; and although the 
question of coal transport is—as just shown—not 
decisive, it would be only logical to begin with the 
conversion of the largest gasworks, which are 
situated in towns close to the coalfields or with 
access to sea-borne coal supplies. From the figures 
given above, it will also be seen that if it should 
gradually become necessary to replace all petroleum 
imports by synthetic products, multiplication of 
the present carbonisation facilities would be 
essential. 

As mentioned above, the author’s assertion that 
there is no decisive difference in coal economy 
between gas and electricity for domestic 
refers to the methods of production and utilisation 
at present in common use. As regards gas, however, 
two major improvements in economy are possible : 
(a) by using flueless heaters, and (b) by the adoption 
of complete gasification in high-pressure generators 
with oxygen injection. Since flueless heaters 
discharge large quantities of carbon dioxide and 
moisture (as well as some sulphur compounds) 
into the rooms to be heated, they cannot be used as 
a means of heating living-rooms. They are also 
objectionable in other places. High-pressure gasi- 
fication of coal has been carried out in Germany at 
a thermal efficiency of 62 per cent., and for British 
coals, values of 65 per cent. to 70 per cent. are con- 


sidered possible.* Allowing for the coal consumed 
in generating the large amount of electricity required 
for oxygen production, it appears that the practical 
overall value will not much exceed 60 per cent. 
Incidentally, as this value is that required for 
complete conversion of the coal, it can be compared 
legitimately with the thermal efficiency of elec- 
tricity generation. Taking the working efficiencies 
of a gas fire as 40 per cent. without, and 55 per cent. 
with, convection, the corresponding ‘‘ coal-economy 
efficiencies ” would be 24 per cent. and 33 per cent. 
However, complete gasification is tantamount to 
absence of coke, and hence prevents the imple- 
mentation of the Simon Report—unless it could be 
assumed that it was economically feasible entirely 
to supplant solid fuel by gas. 

Nothing has been said so far about the industrial 
applications of gas. If it be conceded that the 
correct production efficiency for gas is at present of 
the order of 45 per cent., and if the difference in 
working efficiency between gas and electric heating 
is taken into account, there is little to choose 
between the two. From the point of view of coal 
economy alone, however, it would in many cases 
be preferable to replace town gas by producer gas, 
because the thermal efficiency of producer-gas gener- 
ation is more than 80 per cent., compared with 45 per 
cent. for town gas. Moreover, fully-automatic gas 
producers, even of relatively small size, are now 
available for use with industrial furnaces, etc. 

Turning to electricity, limited improvements are 
possible by the use of district heating. The thermal 
efficiency of power stations has reached 30 per cent., 
and for gas-turbine plant, even higher values are 
envisaged. While hitherto nearly all gas-turbine 
stations have been based on oil fuel, the application 
of pulverised coal is well under way. Finally, the 
development of the heat pump will enable “coal 
economy efficiencies ” in excess of 100 per cent. to 
be achieved. 

To summarise, it appears that even if modern 
trends in development are taken into account, 
nothing can be discerned which is likely to give 
gas supremacy over electricity. There remains, 
however, the more distant possibility of electricity 
generation from nuclear fission, work on which 
has begun. It will be realised that once large-scale 
generation of electricity from this new source of 
heat becomes economically feasible, the yardstick 
of coal economy will be applicable to gas only. 
What is left of the national coal deposits will then 
have to be devoted to the production of metal- 
lurgical coke, tar and synthetic materials. 

For some time the gas industry has found it diffi- 
cult to hold its own in face of the growing popularity 
of electricity. As the demand for the latter has 
temporarily outstripped generating capacity, a 
temporary easement of the competitive position has 
taken place. Many members of the gas industry, 
however, are aware of the precariousness of the 
situation and there are distinct signs that the 
industry is increasingly looking for Government 
intervention in the relative use of gas and elec- 
tricity. Taking the long view, it appears unlikely 
that the distribution of gas and electricity will 
continue side by side indefinitely. This does not 
mean, however, that the end of the carbonisation 
industry is in sight. On the contrary, it has before 
it a much wider field in the production of synthetic 
hydrocarbons ; and the gas engineer of the present 
can look forward to far wider activities in the 
combined carbonisation and synthesis plants of 
the future. 

Vital issues of policy, both short-term and 
long-term, are involved. It is therefore high time 
that the whole complex problem of comparative fuel- 
economics was subjected to an unbiased investiga- 


to be desirable to follow the example of the United 
States and to devote greater resources to the 
study and development of synthetic processes. 
In particular, the erection of an experimental 
plant for oil synthesis from coal gas, utilising 
the process referred to above, merits consideration. 





* This value is based on the assumption of an overall 
gas-electricity parity of 1 therm = 15 kWh and a coal 
consumption of 1-3 Ib. per kWh (including distribution 
losses) in the new power stations to be erected for taking 
over the gas load. 





* J. G. King, “‘ The Application of Complete Gasifi- 
cation. in Future Gas-Making Processes. Fuel and the 
Future, vol. 2, page 194 (1948). 





t The ‘‘coal-economy efficiency ’’, however, would 
be much lower than with modern solid-fuel appliances. 
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THE INSTITUTION OF CIVIL 
ENGINEERS : - PRESIDENTIAL 
ADDRESS.* 


By Sir Jonatuan Davipson, C.M.G., M.Sc. 


Str Roger Hertsertneton, in his presidential 
address in 1947, dealt with the effect of the work of 
the engineer, particularly in the fields of water-supply 
and drainage, on the public health of the nation, and 
showed by a series of striking diagrams the spectacular 
reduction of the incidence of water-borne diseases. 
I propose to recall something of the history of the 
early stages of development in this country of those 
works and processes which have led to the methods 
practised to-day in the first of these two branches of 
engineering, starting with two of the best known 
examples of early public supplies, namely, the Plymouth 
Leat, associated with the name of Sir Francis Drake, 
and the New River of Sir Hugh Myddelton. 

The Plymouth or Drake’s Leat was one of the oldest 
municipal water-supply projects in England, being 
authorised by ‘An Act for the Preservation of the 
Haven of Plymouth” in 1585, the 27th pet of the 
reign of Queen Elizabeth. The purposes for which it 
was intended were stated in the Act to be for watering 
ships and protection against fire; also to scour out 
the harbour and remove refuse from the tinworks and 
mines. It is probable that preliminary surveys for 
bringing water to the town from a distance were under- 
taken some 30 years or more before the Bill was 

romoted. The Act empowered the Corporation of 

lymouth to build a weir on Dartmoor across the 
River Mewe or Meavy, and to divert the water of the 
river into a ditch or trench having a width of 6 ft. or 
7 ft., but of no specified depth. Although the distance 
in a straight line from the weir to the town was no 
more than 10} miles, the total length of the water- 
course was 18 miles 3 furlongs, as it had to follow the 
contours of the intervening hilly country. 

Sir Francis Drake had been Mayor of Plymouth in 
1581, but his connection with the scheme did not start 
until the Parliamentary inquiry in 1585, when he was 
a member of the Select Committee which considered 
and approved the Bill, being at the time Member for 
a Cornish constituency. To ensure that, when the 
Justices came to view the line of the Leat, these 
gentlemen should approach their task in a suitable 
state of mind, the Act provided various sums for their 
entertainment with ‘‘ wine, beare and other provision.” 
It also enacted that all land to be taken was to be 
acquired on the basis of 16 years’ purchase and com- 
pensation paid to the tenants, farmers, occupiers, and 
millowners affected by the work. Following his part 
in the authorisation of the scheme by Parliament, 
Drake had been occupied in less peaceful pursuits than 
water engineering. In 1587, he made his historic voyage 
down the coast of Spain, with a call at the port of 
Cadiz—a visit devoid on both sides of any marked 
cordiality. The following year saw him fully engaged 
in the Channel with the Armada, but in 1589, four 
years after the passing of the Act, he entered into an 
agreement with the Corporation for bringing the Meavy 
to the town. This provided that he was to receive 
2001. for the construction of the Leat and 1001. for 
compensation for the land taken. 

Active operations started in December, 1590, the 
first sod being cut by Sir Francis himself, and the 
work was completed on April 23, 1591, the event being 
marked by a ceremonial opening accompanied by 
“trumpets, guns and feasting.” It is difficult to 
understand how a channel more than 18 miles in 
length was cut in less than five months. A possible 
explanation lies in the suggestion that substantial 
lengths of existing leats for the supply to mills, and 
also ditches, were incorporated in the new work. No 
record exists of the final cost of the scheme, but, as 
there is reason to believe that the contract was profit- 
able, it may be presumed that Sir Francis, as engineer, 
had no difficulty in dealing with any claims for extras 
that he, as contractor, may have thought fit to make. 
The Leate, as originally constructed, was merely an 
open ditch or watercourse, but at a later date it was 

rotected from erosion by a concrete invert and granite 
fining to the sides. 

Drake’s agreement with the Corporation granted 
him a 67 years’ lease to establish six mills for power 
urposes along the course of the stream, and shortly 
after the completion of the work he erected and worked 
these mills, some in and others outside the town. 
This action was objected to by other local millowners, 
who, in 1592-93, promoted a private Bill in the House 
of Commons seeking “‘ an explanation and true meaning 
of the Water Act.” It further alleged that water was 
being used for purposes other than were intended by 
the Act and asked that the new mills should be removed. 
The Bill did not pass, but whether its fate was in any 
way influenced by the fact that the chairman of the 





* Delivered at a meeting held in London on Tuesday, 
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committee that threw it out was Sir Francis Drake 
is not known. Although the chief purpose for which 
the Leat was originally intended was not directly 
connected with the supply of water to the town, it 
continued, with little modification, as Plymouth’s main 
source of Supply for more than 300 years. 

The idea of supplying London with water by means 
of a river brought from a distant source appears to 
have been first proposed before the end of the Sixteenth 
Century. In Strype’s edition of Stow, published in 
1720, it is recorded that: ‘“ before this New River 
water was thus brought for the supply of the City, 
the Projecting for the conveniency of water from the 
North side of the City was not out of the heads of the 
Citizens. For about the year Fifteen Hundred Eighty 
and odd, (as I conceive it) there was one Russel, who 
a tiwag to bring Isleworth viz. the River of Ux- 

ridge to the said North side of London. . . . He 

ropounded this Invention in Writing to the Lord 

urghley.”” The account goes on to say that the 
river was to terminate at the upper end of Holborn 
and that the noble lord was pleased with the scheme ; 
but apparently that was the end of the matter. 

A somewhat similar proposition was made in 1604 
by Captain Edmond Colthurst, of Bath, who obtained 
Letters Patent authorising him to dig a trench not 
exceeding 6 ft. in breadth to convey water from 
springs in Hertfordshire and Middlesex to the cities 
of London and Westminster. Two-thirds of the water 
was to be employed to cleanse the ditches, while the 
remainder was to be conveyed by pipes to particular 
houses. The work was to be completed in seven years, 
at the expense of the Projector, and 201. a year was 
to be paid to the King (James I) for the privilege. 
As in the case of the Plymouth Leat, the primary 
object of the scheme was not to supply the citizens. 
Queen Elizabeth was informed of this scheme shortly 
before her death and set up a commission to consider 
it, but had died before a licence could be granted. 

It would appear that Colthurst lacked the necessary 
financial support to execute his plan, for, in 1606 the 
City Corporation took the matter up and obtained its 
first Act for the construction of the New River to bring 
water from the springs at Chadwell and Amwell to 
London in a trench 10 ft. wide. In the following year 
they obtained a second Act, enlarging the powers con- 
ferred by the earlier Act so as to permit the water being 
conveyed in a ‘“‘ Trunk or Vault of Brick or Stone” 
instead of in an open channel. This alternative method 
of construction had been pa by William Inglebert, 
who had been instrumental in obtaining the original 
Act and who had made a rival offer to that of Colthurst 
to carry out the scheme. No action was taken by the 
City Authorities to exercise their rs, but in October, 
1608, Colthurst petitioned the Court of Aldermen to 
allow him to proceed with his own scheme, as he had 
gathered several partners who were willing to undertake 
it at their own expense. This offer evidently related 
to the plan for which Colthurst had obtained Letters 
Patent four years earlier. The Court allowed him to 
proceed, giving him only two years in which to complete 
the work and making it clear that he was to expect no 
financial help from them. 

Colthurst evidently reconsidered his original plan, 
as, in March, 1609, he put forward alternative proposi- 
tions on condition that the City Authorities made over 
to him and his partners the benefits of the two Acts 
they had obtained for building a river from Amwell and 
Chadwell. The first proposal was that, when the 
water had been brought to London, the Council should 
pay the undertakers 2,400I., in consideration of which 
two-thirds of the water would be allotted for the public 
use of the City. Alternatively, the undertakers offered 
to carry out the scheme at their own expense on con- 
dition that they enjoyed the whole of the profits. This 
new application was considered by a Committee who 
reported in favour of the second of the two proposals, 
noting that Colthurst’s means were not sufficient to 
cover the cost but that he had.“ taken unto him persons 
of good sufficiency from this City”’ to undertake it. 

At this stage a dramatic change in the leading charac- 
terin the negotiations took , a8, exactly a fortnight 
after the Committee reported favourably on 
Colthurst’s proposal, the City Council accepted an offer 
by Hugh Myddelton to execute the work authorised by 
the Corporation Acts at his own expense, on condition 
that he received the whole of the profits. The reason 
for this sudden change can only be a matter of con- 

jecture. Hugh Myddelton, Citizen and Goldsmith, had 
been a member of the Parliamentary Committee which 
had inquired into the application by the City for powers 
to carry out the Hertfordshire scheme ; itis also likely 
that he was one of the “ persons of good sufficiency ” 
whom Colthurst had taken into ership. Soit may 
well be that either the Council or Colthurst and his 
partners decided it would be preferable that the party 
to enter into the agreement with the City Corporation 
should be a man of some substance, and, for that reason, 
the name of Myddelton was substituted for that of 
Colthurst. However this may be, work in connection 
with the construction of the river had been started 


a month before the acceptance of Myddelton’s offer. 
Some historians have claimed that projects to supply 
water to London from the river Lea in the neighbour- 
hood of Ware were proposed at a much earlier time than 
the reign of James I, and in support of this contention 
have cited Acts of 1424 and 1430, in the time of King 
Henry VI, and also one in the latter years of Queen 
Elizabeth’s reign ‘‘for bringing the River of Lea to 
the north parts of the City of London.” However, most 
authorities now agree that these earlier Acts relate to 
schemes for the improvement of the navigation of the 
Lea between Hertford and London. 

Although Myddelton applied himself to his task with 
great zeal and energy, he met with serious o ition 
and financial difficulties. In 1610, when the River had 
been constructed for a length of 10 miles and more 
than 3,0001. had been spent on the work, a number of 
landowners, through whose property the stream was 
to pass, petitioned theHouse of Commons, and a Bill to 
repeal the New River Acts was brought in and given its 
First and Second Readings. Fortunately for Myddelton, 
King James, who at this time had been having some 
differences of opinion with the House of Commons, 
decided that he would get on better without it and, 
after proroguing Parliament, later dissolved it. Conse- 
quently, the landowners’ Bill got no farther, as, when 
Parliament reassembled four years later, the New River 
had been completed. Financial difficulties, however, 
were not so easily overcome, and Myddelton found it 
necessary to induce some of his friends to put money 
into the scheme on condition that they were to share in 
the profits in proportion to their contributions ; but 
even this assistance proved to be insufficient and the 
‘** Adventurers” found their financial resources ex- 
hausted with the River still far from complete. 

In these circumstances, Myddelton appealed to King 
James I, who had already had dealings with him as a 
jeweller and banker. James, moreover, had become 
interested in the undertaking from watching the = 
gress of the work from his Royal Park at Theobalds. 
He was also later to be brought into more intimate 
contact with the River, as it is recorded that on one 
occasion he was nearly drowned when he was thrown 
from his horse into the water. By Deed in 1612, the 
King agreed to provide half the cost of the work, both 
past and future, in consideration of receiving half the 

rofits. The work was completed in 1613, and on 
Stiinclon Day, a little more than 44 years after 
its commencement, water from the New River was ad- 
mitted to the reservoir at New River Head at a civic 
ceremony, when great honour was paid to Myddelton. 

Until recently, the cost of construction of the New 
River has not been known, as the Company’s records 
were destroyed by fire at their offices on Christmas Eve, 
1769. Smiles, in his Lives of the Engineers, says that 
the original cost probably did not exceed 18,0001., but 
other estimates gave a much higher . Smiles’ 
figure was very nearly correct, being d on the 
amounts paid by the Treasurer to Myddelton in respect 
of the King’s half share of the cost of the work, as 
entered in the Records in the State Paper Office. 
Fortunately, the exact figures are now available owing 
to the participation of King James in the scheme, as, 
under his agreement with Myddelton, detailed accounts 
of all expenditure had to be rendered to the King, and 
these accounts, duly certified by Myddelton, have been 
preserved in the Public Record Office. 

During this year [1948], these documents have 
been examined and show that, between February 20, 
1609, and November 26, 1614—that is, fourteen 
months after the water had been brought to New River 
Head, and by which time some mains had been carried 
into the City—the total expenditure amounted to 
18,5251. 0s. 1d. A check on this figure is provided by 
the amount actually paid by the King, which was 
9,2621. 9s. 6d. This is only 6}d. less than the half 
of the total cost which James undertook to provide. 

Many of the detailed entries are of considerable 
interest as showing the rates paid for labour and 
giving some indication of the methods of construction. 
The main excavation appears to have been carried out 
by small parties of men at piece-work rates. For 

rticular items of work, small contracts were let. 
_pcmemaad received 10 pence a day, but were not paid 
for ‘‘ wet time.’’ Gangers were cheap, as Howell Joahnes 
was paid “16d. pr die to over see the labourers.” 
Carpenters received 20 pence, while ‘ Shippwrights 
and Plummers”’ figure at 2 shillings a day. “‘ Dirty 
Work” was recognised by extra pay. 

One of the references to engineers is found in the 
entry reading :—“‘ffor 4 Ells of Canvas att xvid the 
Elle for to make a Shellter for Mr. Pondes leavell 
00:05:04.” Edward Pond was employed on the 
work from December, 1611, to October, 1613, and 
if he was responsible for setting out a channel with a 
fall of only 3 in. to the mile, he well deserved a shelter 
for his level. In any event, he could not be expected 
to provide the canvas himself, as he was only paid 
21. 6s. 8d. a week and this was always entered in the 





accounts as: “To Mr. Ponde for his. weekes enterteyn- 
ment.” As in the case of the Plymouth Leat, the 





physical needs of those appointed to inquire into 
the scheme were not neglected, as is shown by the 
item in the accounts :— 


“‘ffor the Commissioners Dynner att 
theire second sittinge att Westminster 
in ye Excheq/r chamber as maybe 
appeere by the byll of p/ticulers 007 :17:00” 


Some light on the methods of construction is furnished 
by the following entries :— 


*‘ ffor a Dosen & a halfe of Basketts toe 
carrie earthe uppon the Bancke 

** ffor xii hoddes toe carrie earthe where 
the wheele Barrowes cannott goe 00:18:00” 

** ffor carrieng upp Water into the newe 
Bancke by nighte to make itt fitt to 


00:05:06” 


work the next daye 00:04:00” 
(“To Mr. ffordam) for his two horses 

fower daies to tread the bancks 00:08:00” 
“* ffor tooe Beetles toe dryve pyles 00:01:06” 
“ To Lupton for his cattell for to drawe 

the Ingen 00:08:00” 


There is nothing to show what the ‘“‘ Ingen” was. 
Possibly it was either a pile-driver or a pump. 

It is evident that some difficulty was experienced 
maintaining the banks, as the purchases include :— 


“ ffor Lyme toe putt in the Crackes of 


the Newe Banck 00:06:00” 
and 
* ffor xi loades of horse dunge att Amwell 
to mende the Bancke att 4d ye load “2 3: 8" 


Some of this trouble was due to the activities of 
moles. For making and repairing the timber chutes 
or troughs used to carry the River over ravines, “‘ shipp- 
wrights *” were employed and quantities of ‘“ Tarre, 
pytche Rossen, hard Tallowe toe mingle with ye pytche, 
Rossen, nayles and Okeam” were purchased. 

After the water had been brought to London, the 
laying of the wooden pipes to carry it into the City 
was pushed on rapidly, again at piece-work rates, a 
typical example being :— 

“To Avereye Laceye for the boreing 

leyeinge & Joynteinge of clx yardes 
of Elme pipes at viid} p yarde oute of 
Lumber Streete into Sherborne Lane 05:00:00” 

The method adopted for jointing the pipes is indicated 
by the entries :— 

“* ffor 2 Dosen of Iron hoopes for ye pipes 00 : 10:00 ” 
and 
“ ffor a payre of Iron hooks to Joynte in 

the pipes 00:05:00” 
Materials purchased for repairing the pipes include : 
“ffor xvi yardes of Canves toe make 

Seare clothes toe mende the pipes att 


6d the yarde 00 : 08 : 00 

for 20 pounde of harde Tallowe att 3d 

a pounde 00 :05 : 00 

for pytche & Rossen 00 : 03:00 

for small Cordes toe bynde the Seare 

clothe to the pipes 00:03:04” 
Again :— 


“To Henrie Greene the plummer for 
div/s p/cells of sheete Leade deliv/d 
by hym toe Wm Price att sev/all 
tymes, from the 25 of ffebruarie 1615 
to the xvth of November 1616 to 
mende the woodden pipes in the 
streetes amounteing to viii hundrethe 
weighte of Leade in the whole, at xv 
the hundrethe 06 : 00 : 00 
More to Henrie Greene for xxii brasse 
fferrells att xxiid a pece to putt on toe 
branches where the wooden pipes were 
deceyed & newe ones placed in theire 
Roome & by that means the leaden 
fferrells wch the Tennantes hadd paid 
for were broken & Spoyled & theire 


branches toe shorte 02:00:04” 


From the latter entry it appears that the water 
tenants were required to pay for the original laying 
on of the supply. 

The New River enterprise experienced great physical 
and financial difficulties in its early history. The very 
landowners who had alleged that the scheme would 
inundate their lands did not hesitate to tap the River 
for watering their livestock and crops, while, as soon 
as the main had been laid in the streets of London, the 
citizens developed a new technique for putting out 
fires, which caused considerable loss. When a house 
went on fire, the householder and his neighbours 
promptly dug a hole in the street, smashed open the 
wooden pipes and took what water they could get to 
throw on the fire. 





(To be continued.) 
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STANDARDISATION OF BRITISH 
RAILWAYS ROLLING STOCK. 


Tue Railway Executive have announced their policy 
for the standardisation of rolling stock of British Rail- 
ways. There will be “a possible ” 12 standard classes 
of steam locomotive, a standard Diesel shunting loco- 
motive, standard merchandise and covered wagons, 
and a basic all-steel carriage design suitable for mass 
production and for service on all main lines in this 
country. Designs for two of the standard steam- 
locomotive classes are now being prepared, and it is 
expected that production will be in hand by 1951. 
The classes are express passenger and mixed traffic. 

It should be pointed out, however, that the Railway 
Executive statement, as it stands, gives no indication 
of the number of classes in use which they hope to 
achieve in due course. About a year before the 
nationalisation of the railways, the London Midland 
and Scottish Railway decided on 11 “ standard ” 
classes of locomotives,* including a Diesel shunting 
locomotive. The 11 designs were those on which 
all new building was to be based, and all other classes 
were to be regarded as obsoleseent. Similarly, although 
the Railway Executive will evidently have 12 stan- 
dard designs, each design will become obsolescent 
from time to time, and will be superseded by a new 
design for the same class of traffic. Thus, in view of 
the long life of locomotives, there will always be 
considerably more than 12 classes in use. The 
actual number in use will depend on, inter alia, the 
average frequency with which the Railway Executive 
replaces one standard class by another. This is 
evidently a matter in which it would be difficult, not 
to say unwise, to predict the course of events. From 
1923 to 1945, the London Midland and Scottish Rail- 
way reduced the number of locomotive classes from 400 
to 133. The Railway Executive also inherited approxi- 
mately 400 classes from the four main-line companies, 
and in a similar length of time they will undoubtedly 
be able to reduce this figure considerably. An incidental 
effect will ‘be to reduce the number of engineers with 
experience in the design of locomotives, but this is part 
of the price of nationalisation and standardisation. 

The British Railways rolling stock consists of 19,726 
locomotives, 55,379 coaching vehicles, and 1,178,993 
freight vehicles. Standardisation, the Executive state, 
will aim at the use of standard components in the 
repair of non-standard vehicles, in addition to the 
supersession of obsolescent vehicles by new standard 
designs. Except in the case of major wagon com- 
ponents, there was no standardisation of complete units 
or components as between the former main-line railway 
companies, except to the small extent to which they 
followed British Standard Specifications. Indeed, in 
most companies it was the custom for each new chief 
mechanical engineer to introduce new standards of his 
own. The Great Western Railway was a notable 
exception, a unified standardisation scheme, initiated 
by Churchward, having been followed for over 40 years. 

Committees are now at work examining present 
practices regarding the designs of details and the 
specifications of materials, and are making recommen- 
dations for standards, item by item, both for adoption 
in the design of complete rolling-stock units and for use 
on existing stock wherever it is economical. In the 
case of wagons, a Railway Executive committee is 
carrying on the work of the old chief mechanical 
engineers’ sub-committee in continuing the stan- 
dardisation of wagon details. The general procedure 
is for preliminary designs and proposals to be prepared 
for the Executive member, either by policy com- 
mittees, or by individual officers. The views of the 
regional officers concerned are then obtained, and, 
after approval from the Executive, preparation of the 
final designs is remitted to one or other of the regional 
officers. During the latter stage it is intended to make 
use of full-size mock-ups for examination by interested 
parties. To avoid stagnation in the development of 
rolling stock, prototypes will be built of advanced 
designs, such as gas-turbine locomotives and light-alloy 
passenger and freight stock, and experiments will be 
conducted with improved details. At intervals, tested 
new features which offer greater efficiency or avail- 
ability, or reduced cost, will be incorporated in a “‘ Mark 
II” version of the standard. 

Explaining why the railways have not been able to 
use British Standard Specifications more widely in the 
past, the Railway Executive state that the require- 
ments of safety and the conditions of high-speed 
movement demand that closer limits and special 
conditions must be included in their specifications. 
The B.8.I., on the other hand, having to satisfy industry 
as a whole, must make its specifications as wide as 
possible ; thus, many of them are not suitable for rail- 
way application as they stand. The Executive intend 
to work in the closest co-operation, however, with the 
B.S.I. in connection with the future development of 
standard rolling stock. 





* See ENGINEERING, vol. 163, page 128 (1947). 





LABOUR NOTES. 


Sm Cyrm Hurcoms, chairman of the British Trans- 
port Commission, in a New Year message to railway 
staffs, drew attention to the serious fall in the earnings 
of British Railways during 1948, despite the substantial 
increases in fares and freights made in October, 1947. 
Earnings had fallen far below expectations and the 
resulting decline in revenue would have a serious effect 
on the Commission’s finances. When the railways 
increased their charges, it was estimated that they 
would have to earn an additional 65 million pounds per 
annum to make ends meet, owing to rising costs and 
increased wage bills, Sir Cyril stated that the final 
results for 1948 could not be known for some time but, 
at the end of November, additional earnings had only 
just reached 34 million pounds. Many of the troubles 
caused by war-time conditions were being overcome 
gradually, but 1948 had been a difficult year. Shortages 
of supplies and materials had grown steadily more 
serious. 





It is expected in some quarters that staff reductions 
will be among the steps which British Railways may 
well take during the first half of this year in order to 
offset, to some extent, their loss during 1948, estimated 
at 30 million pounds. Women temporary staff and 
permanent employees who have remained beyond the 
retiring age are those most likely to be affected. Other 
economies of man-power may be obtained by centralis- 
ing work hitherto done by each region se tely and 
by amalgamating departments. While, of course, it is 
too early for anything more than very rough estimates, 
some thousands of employees may ultimately be 
involved. 





The Minister of Labour, Mr. George Isaacs, received 
formal notification from the executive of the National 
Union of Railwaymen, at the end of last week, of the 
existence of a dispute between the union and the Rail- 
ways, London Transport, Hotels, and Docks and Inland 
Waterways Executives, in consequence of the rejection 
by the four Executives of the union’s claim for an 
all-round weekly wage increase of 12s. 6d. This noti- 
fication complies with the National Arbitration Order, 
which hibits strike action until 21 days from the 
date when the Minister is officially informed of a dis- 
pute. The Executives estimate the cost of agrecing to 
the claims in full at some 20 million pounds in a complete 
year. Mr. Isaacs has invited the Transport Commission 
and the four Executives to submit their views on the 
claims for his consideration. 





An Order has been made by the Board of Trade in 
connection with the new census of production, which 
will be based on the figures for 1948, and is due to take 
place early this year. It is to be known as The 
Census of Production (1949) (Returns and Exempted 
Persons) Order, 1948, and details the matters about 
which persons may be required to submit production 
returns to the Board. The Order, which came into 
force last Friday, excepts undertakings engaged in 
producing coal, gas, electricity, oil shale, and crude o 
refined petroleum or shale-oil products from making 
returns, to the extent to which they already submit 
information to the Minister of Fuel and Power under 
section 1, of the Statistics of Trade Act, 1947. The 
forthcoming census will be the first full census of pro- 
duction since 1935, but a skeleton census was taken in 
1947 which covered fifteen of the country’s major 
industries. 





Coal production to December 25, with one week to 
go to complete the year’s figures, indicated that the 
1948 target for deep-mined coal was likely to be missed 
by at least three million tons. Output for the period 
(51 weeks) reached only 194,178,200 tons, compared 
with the 200 million tons expected for the year. Open- 
cast-coal production for the same period already 
exceeded the 1948 target of eleven million tons by 
639,900 tons. The provisional figures issued by the 
Ministry of Fuel and Power show that 3,621,400 tons 
of deep-mined coal, and 199,000 tons of opencast, were 
produced during the week ending December 25, a dis- 
appointing achievement compared with the previous 
week’s noteworthy output of 4,427,400 tons of deep- 
mined coal and 157,900 tons of opencast. Production 
was, however, a great improvement on that for the 
corresponding period in 1947, which included Christmas 
Day and Boxing Day, when the output for the week 
ending December 27, totalled only 2,528,500 tons of 
deep-mined coal and 224,700 tons of opencast. Last 
week’s figures are expected, to show equally poor results, 
since the period includes both Boxing Day and New 
Year’s Eve. 





According to a statement issued by the National Coal 
Board, the 1948 output of the East Midlands division 
was the highest since about 1919. The divisional chair- 
man, Sir Hubert Houldsworth, estimates the production 
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for the at 37,200,000 tons, more than two and a 
half ites higher than that for 1947. In acknow- 
ledging this good result, Sir Hubert stated that loss of 
output due to disputes reached a total of only 38,000 
tons in 1948, ‘“‘ which showed how well the labour 
conciliation machinery worked.” 

















Absenteeism remains one of the outstanding problems 
of the coal-mining industry and was heavy during the 
days immediately following the Christmas holidays. 
Work was resumed, on a partial scale only, in some 
areas on the Tuesday, many pits not being due to 
re-open until the following day. In Yorkshire, for 
example, over 40,000 miners were reported absent on 
the Tuesday from the 57 pits which were due to resume 
work, ‘This represented a loss in production of some 
fifty thousand tons. On the Wednesday, when all the 
115 collieries in the county were due to re-start, more 
than 35,000 miners were absent, out of a total of 
142,000. On the same day, some 18,000 miners, about 
16 per cent. of the total employed, were absentees in 
the South Wales area. After-the-holidays absenteeism 
was reported as 15 per cent. in the North-West division, 
about 20 per cent. in the mid-Durham area, from 30 to 
40 per cent. in the West Midland, and anything up to 
50 per cent. in the Kent collieries. Speaking generally, 
absenteeism appeared most marked among miners on 
piece rates. 





Tareni Colliery in the Swansea Valley which employs 
about 300 miners and contains many millions of tons 
of first-quality anthracite is to be closed by the National 
Coal Board at the end of the present month, owing to 
defective ventilation. The National Union of Mine. 
workers are expected to urge upon the Board the need 
for reorganising the pit and overcoming the technical 
difficulties, so that production may be resumed. A 
dispute, which is understood to have arisen over matters 
of seniority, led to a strike on Monday at the Bedwas 
Colliery, Glamorgan. Nearly two thousand men em- 
ployed at the colliery may become involved. 





A very general sto of London road-transport 
services occurred last Saturday afternoon, following a 
rejection of the men’s demand for time-and-a-half 
payment for Saturday-afternoon working. The Trans- 
port and General Workers’ Union approves of the claim, 
but not of strike action to enforce it. The men’s 
unofficial strike leaders seek to keep all transport off 
the streets from 1 p.m. every Saturday until the claim 
is conceded. Although trams, ‘buses, trolley-’buses 
and, to a much lesser degree, Green-Line coach services 
were affected, last Saturday’s strike was not complete 
and did not begin everywhere at the same time. Of the 
110 London Transport ga and depots, employees 
were reported to be on strike at 82, and at work in 
the other 28, at 6.30 p.m. It was estimated, unofficially, 
that some 25 to 30 thousand persons were involved 
in strike action on the occasion. 





The demand for payment of time-and-a-half rates 
to road operating and maintenance staff, for work 
after 1 p.m. on Saturdays, was presented to London 
Transport Executive by the union in October last. 
In furtherance of this claim, discussions took place 
in the latter half of December between the union and 
one member, Mr. John Cliff, and two officials, of the 
Executive. During these talks, one official presented 
the Executive’s reply, which was that London Trans- 
port could not concede the demand, partly owing to 
the cost and partly because large numbers of persons in 
other concerns would be affected by the princi 
involved, including many persons employed in other 
undertakings under the jurisdiction of the Tr. 
Commission. Following a twelve-hour special delegate 
meeting at Transport House on December 28, the union 
officials were successful in arranging for a meeting 
with Lord Latham, chairman of London Transport. 





This meeting took place on Thursday and Friday 
last, when Lord Latham and members and officials of 
London Transport were met by Mr. A. E. Tiffin, assistant 
general secretary, the full negotiating committee and 
other officials of the union. Mr. Tiffin stated the union’s 
case in support of the claim and Lord Latham replied 
that London Transport had given most careful consider- 
ation to it. He then explained the reasons why London 
Transport were unable to concede the principle of extra 
payment for Saturday working, which was part of the 
normal working week and added that, if the union 
was unable to withdraw the demand, London Transport 
were agreeable to its being referred immediately to 
the agreed arbitration tribunal or to any other com- 
— body. Following Saturday’s strike, Lord 

tham gave notice on Tuesday that any employee 
who fails to carry out the terms of his employment 
with the Executive would be dismissed. A delegate con- 
ference on Wednesday night decided againct resuming 
the Saturday afternoon strikes. e 
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THE COOLING OF CIRCULATING 
WATER.* 


By J. Leyianp, M.Sc. (Tech.), M.I.Mech.E. 


EFFECTIVE and economic operation of coolers and 
condensers in the majority of process plants requires a 
constant and plentiful supply of cheap cooling water 
which is clean, reasonably soft and free from scale- 
forming salts, low enough in temperature for the 
particular application, and free from organic and other 
impurities injurious to coolers and condensers. In the 
present paper, the types of plant available for cooling 
water are described, the relative advantages of each 
type of plant are assessed and the selection of coolin, 
plant for applications of interest to the chemica 
industry is discussed. Technical data and operating 
costs, worked out on a comparable basis, are also 
given. 

The most common devices for cooling water can be 
classified under three main categories, depending upon 
whether the inlet water temperature required for 
process cooling is obtainable by the use of atmospheric 
air, river water flowing over the external surfaces of 
heat-exchange equipment through the inside of which 
the circulating process cooling water is passed, and 
refrigeration. The devices considered are atmospheric 
coolers, comprising spray-cooling ponds and cooling 
towers ; heat-exchanger coolers, either with immersed 
coils or of the film type ; and refrigeration plant, using 
either vacuum evaporation or ammonia refrigeration. 
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To facilitate ready comparison of the operating costs 
of the various types of coolers, all costs are presented 
in the form of graphs which show, for each cooler, the 
influence on cost of water flow-rates up to 100,000 
gallons per hour and of cooling (or temperature drops), 
in steps of 10 deg. F., over a range of 70 deg. F. Depre- 
ciation charges, included in the operating costs, have 
been based on the capital costs of plant erected or 
quoted for during 1947, and are inclusive of normal 
preparation of site, erection and connections to ser- 
vices ; the existence of adequate services is presumed, 
and no allowance has been made for the purchase of 
boiler plant and generators where n or for 
boring wells for the supply of make-up water. The 
basic costs assumed in assessing the operating costs 
are: make-up water, 2}d. per 1,000 gallons; steam, 
10s. per ton ; and electric power, ld. per kilowatt-hour. 

The open type of pond, over which the warm outlet 
water from process coolers and condensers is sprayed 
through nozzles and cooled by contact with the atmo- 
sphere, is one of the earliest and simplest methods of 
cooling water. The effectiveness of a spray-cooling 
pond depends to a great extent on the design and 
spacing of the spray nozzles; simplicity in design 
should be aimed at, and internal guide vanes or 
deflecting plates avoided to minimise choking by 
foreign matter. 

The degree of cooling obtainable depends on pond 
area, temperature and humidity of the atmosphere, 
temperature of the warm water received from process, 
and wind velocity. Under good average conditions in 
this country, it is possible, with spray ponds, to cool 





* Paper read before the North Western Branch of the 
Institution of Chemical Engineers and the Manchester 
Section of the Society of Chemical Industry, on Novem- 
ber 6, 1948. Abridged. 












water to within 12 deg. to 15 deg. F. of the wet-bulb 
température of the atmosphere, depending upon the 
site conditions and the movement of air in the vicinity 
of the pond. When cooling to within 15 . F. of 
the wet-bulb temperature, the rate of cooling for 
cooling ranges of 20 deg. to 30 deg. F. varies between 
about 1,500 B.Th.U. per hour per square foot of pond 
surface at a water flow rate of 50,000 gallons per hour, 
and 2,000 B.Th.U. per hour per square foot at 150,000 
gallons per hour. The average rates of cooling for other 
cooling ranges, up to a cooling range of 90 deg. F., are 
shown in Fig. 1, herewith, for open spray ponds, and 
in Fig. 2 for louvre-fenced spray ponds. Where ground 
space is restricted, the area requirements may be 
reduced by using spray ponds with louvre-type fencing. 
Typical operating conditions for open-type spray ponds 
are given in Table I, herewith, and partieatons of open- 
type and louvred spray ponds for various duties and 
cooling ranges are given in Table IT. 

Spray-cooling ponds actually in service in this 
country range in size from those dealing with 1,000 
gallons per hour up to 600,000 gallons per hour. 
Abroad, much larger spray ponds are in operation. 
The equipment for spray ponds includes pumps, spray 
nozzles, distribution pipes, cast-iron mains and pipe 
saddles for mounting the pipe system over the ponds. 
The ponds are excavated at a suitable site and con- 
structed with base and walls in concrete. The depth 
does not affect the rate of cooling, but the deeper the 





pond—and, therefore, the greater the capacity—the 
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cooler will be the supply of water drawn from the 
bottom and returned to process. In general, a depth of 
2 ft. is adequate, but some users prefer a depth of 
3 ft. to 4 ft. for this reason. The cost of operati 

open spray ponds, including pumping charges, cost o 
make-up water to allow for evaporation, and depre- 
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10 deg. F. up to 70 deg. F. The effect of water-flow 
rate and cooling range on operating cost is shown in 
Fig. 3, herewith. 

Cooling towers are of four main types, namely, the 
natural-draught open type, dependent on convection 
air currents or the wind to bring fresh air into contact 


TaBLE I.—Typical Operating Data for Spray Ponds. 











Condition of Atmospheric Air. Water Temperature, Deg. F. 
= Cooling 
Dry-bulb | Wet-bulb| Relative Inlet Outlet Renee 
Temp., Temp., |Humidity, th ie ¥F to pay F. (ty ae) 
Deg. F. | Deg. F. | Per cent. oa deg. F. 
| 
50 45 70 98 72 26 
60 54-3 70 101 77 24 
70 63-5 70 103 80 23 
so 70 70 107 83 24 
75 50 110 88 22 




















with the water to be cooled; the natural-draught 
closed type, with a chimney or stack to induce the 
movement of air by convection; the forced-draught 
type, in which a fan is employed; and natural and 
forced draught combined. The cooling grids, water 
distributors and collectors are generally similar in 
each type of cooling tower, and the various types of 
tower differ mainly in the design of the housing which 
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stack are built-up of wooden, galvanised-steel or con- 
crete laths, variously shaped in cross-section to give as 
good a distribution of the water as possible, and to 
ensure maximum contact surface between the water 
and air; the laths may be in parallel ered forma- 
tion or crossed to form an “‘ egg-crate”’ pattern. The 
water to be cooled is pumped to the distributors at 
the top of the cooling-stack grid system and then flows 


TABLE II.—OreN-TYPE AND LOUVRED SPRAY PONDS FOR VARIOUS DUTIES.* 




















| Open Ponds. | Louvred Ponds. 
— Outlet b+ ang 
ater Water te 
? Water Water 
Temp., Temp., Galls. No. Nozzles. No. : Nozzles, 
Deg. F.| Deg. F. | perhr. | of |Site Bach,| xo |" size, | Pressure, | ‘of | Size Hach,) wo. | size, | Hreuure, 
Ponds. , In. *4, P ez 0 \ | In. .. om 
170 80 10,000 2 60 x 60 10 | 2 20 | 2 30 x 20 24 14 20 
50,000 2 112 x 60 50 2 20 i. 78 x 30 52 2 20 
100,000 2 | 177 x 60 | 100 | 2 20 | 2 | 182 x 30 | 100 2 20 
150 80 10,000 2 | 60x60! 10 2 | 8 2 | 30x20] 24 1} 8 
50,000 2 | 112 x 60] 50 2 | 8 2 | 78x30] 52 2 8 
100,000 2 177 x 60 | 100 2 | 8 2 132 x 30 | 100 2 8 
100 80 10,000 1 60 x 60 5 2 | 8 1 30 x 20 12 1} 8 
,000 1 112 x 60 25 2 8 1 78 x 30 26 2 8 
100,000 1 177 x 60 | 50 2 8 1 132 x 30 50 2 8 
































ciation, has been estimated for water-flow rates up to 
100,000 gallons per hour and for ranges in cooling from 
surrounds the cooling stack. The grids of the cooling 





* Table II is based on data supplied by Messrs. Led- 
ward and Beckett, Limited, London. 


in a thin film, or as a spray, to a sump or collecting 
tank at the bottom. The water distributors may be 
pipes with nozzles, or open troughs from which the 
water spills over on to the grids. At one time, open 
troughs were preferred because these allowed deposits 
to be readily seen and conveniently removed, whereas 
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the somewhat convoluted and turbinated nozzles tended 
to choke and to offer a ter resistance to be overcome 
by the pump ; in the latest nozzles of simpler design, 
chokage difficulties, with reasonably clean water, are 
not experienced. Troughs occupy up to 20 per cent. of 
the cross-sectional area of the tower, whereas nozzles, 
with their feed pipes, usually occupy less than 10 per 
cent. of the area. 

The sides of a natural-draught open tower are 
louvred over the entire height. Because of the absence 
of a chimney and because the sides are open, vapour 
tends to remain in the vicinity of the cooler; in high 
winds, therefore, water spray and vapour may escape 
on the leeward side and constitute a nuisance, unless 
the tower is located away from buildings, or is elevated. 
The open t is the cheapest form of cooling tower, 
but is installed only for cooling small and medium 
quantities of water where space is not restricted. 

In the natural-draught closed type of tower, the 
cooling stack is enclosed in a timber or concrete housing 
provided with louvred or open air inlets confined to the 
bottom portion. A better draught of air is obtained 
than with the open-type tower, by means of a tall 
wooden chimney stack or a concrete hyperbolic-shaped 
tower. The majority of cooling plants installed in this 
country are wooden closed-type towers, ranging in 
capacity from 500 gallons up to 500,000 gallons per hour 
each. Concrete hyperbolic towers, which have been 
built up to twice the height of wooden towers, give a 
better performance because of the greater draught 
produced by the chimney and, as a result, occupy 
less ground space. The capital cost of concrete towers, 
however, for duties below 1,000,000 gallons per hour, 
is somewhat higher than for wooden towers, and it is 
only for water rates above 1,000,000 gallons per hour 
that the concrete hyperbolic tower becomes competitive. 
Concrete hyperbolic towers have been built for water 
rates up to 6,000,000 gallons per hour. 

In forced-draught towers, the sides are completely 
enclosed and, in place of the louvred openings, one or 
more fans are fitted below the banks of grids. Consider- 
able economy in floor space and overall height can be 
effected by using high ratios of air to water rates of 
flow, but with a consequent rise in operating cost due 
to the increased fan-power requirements. Timber 
construction is adopted for the larger forced-draught 
towers, but in the smaller high-efficiency units, particu- 
larly those designed to handle comparatively high rates 
of flow of air and water, the construction is entirely in 
galvanised steel. The forced-draught tower, which is 
considerably smaller in size than natural-draught 
towers, can be used where space is not available for 
other types. In the Heenan water cooler, which ranges 
in size from a maximum flow of 250 gallons of water 
per hour to 96,000 gallons per hour, the forced draught 
= cooling air is provided by high-efficiency axial-flow 
ans. 

The estimation of air rates in forced-draught towers, 
even by approximate methods, involves the use of 
performance data and overall mass-transfer coefficients. 
As published data from various sources give somewhat 
conflicting results, information on air rates and fan 
pa was obtained from the suppliers and users of 
orced-draught coolers. Air rates obtained for a 
number of duties were used in estimating the rates for 
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other duties in accordance with the enthalpy balance 
for each duty, the graphical method described by W. H. 
McAdams* being employed. The power consumption 
figures used in estimating the operating costs of forced- 
draught coolers were derived from these air rates, high- 
efficiency axial-flow fans being assumed in each case. 

The combined forced-draught and natural-draught 
tower is generally more costly than the forced-draught 
type, and hence is seldom adopted. The main 
advantage is that on light loads and when atmospheric 
conditions are favourable, the fans can be shut down 
and natural-draught cooling obtained by opening large 
doors situated at the base of the tower. Where 
natural-draught cooling towers are already in use, 
and where there is no room to install additional cooli 
plant to satisfy increased demands, the duties of the 
existing towers can be increased by fitting fans. The 
efficiency of the towers under natural-draught conditions 
is somewhat impaired, however, by the obstruction 
of the fans and ducts to the natural flow of air. Screen- 
ing of the air inlets is advisable to avoid entry of wind- 
borne leaves, paper, etc. In a particular instance, 
the fitting of fans to a natural-draught tower enabled 
the duty to be increased by about 50 per cent. 

In all these coolers, the removal of heat from the 
water depends almost entirely on evaporation of a 
portion of the water into the air, although it also loses 
some of its sensible heat. As the latent heat of 
evaporation of water is approximately 1,000 B.Th.U. 
aad Ib. of water mae 1 per cent. of the water is 
ost by evaporation for each 10 deg. F. range in cooling ; 
loss due to spray carried away by the wind usually 
amounts to a further 1 per cent. even in the best t 
of cooling water. The exchange of heat between the 
warm water, falling through the interior irrigation of 
the tower, and the ingoing cold air depends on many 
variables : the chief of, these variables are the tempera- 
ture and humidity of the entering air, the velocity of 
the air in relation to that of the water, and the accessi- 
bility of the air to all parts of the irrigation—this, in 
turn, being influenced by the intensity and uniformity 
of the downpour of water. Effective distribution of 
the water over the whole cross-section of the cooling 
stack is essential for efficient operation, and, therefore, 
the pipe and nozzle system for water distribution has 
advantages over the trough method. In the Davenport 
upward jet-pipe system, the arrangement comprises one 
or more main inlet pipes connected with a number of 
distributing branch pipes, in the tops of which special 
sprayer nozzles are located. The header is situated 
at a slightly lower level than the supply pipe to the 
tower, to give the pressure necessary for effective 
operation of the spray nozzle. 

Improvements in the design of cooling stacks and 
water distribution systems have enabled the water 
loading of towers to be increased considerably without 
loss in efficiency. This has resulted in reduced ground 
space for a particular duty. The water loading of 





* Heat Transmission, Second edition (1942); McGraw- 
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forced-draught towers and of concrete hyperbolic 
towers in comparison with that of normal timber 
natural-draught towers and spray ponds is shown in 
Fig. 4, on page 21, which shows that the loading of 
forced-draught towers is about five times, and the load- 
ing of concrete hyperbolic towers about four times, 
that of normal timber towers. The basis of this com- 
parison is a cooling range of 17 deg. F., the water being 
cooled to within about 15 deg. F. of the wet-bulb 


ling | temperature. The cost of —s cooling towers, 
0 


including pumping charges, cost make-up water 
to allow for evaporation, fan power (where applicable) 
and depreciation, has been estimated for water-flow 
rates up to 100,000 gallons per hour and ranges in cooling 
from 10 deg. F. up to 70 deg. F. Figs. 5 and 6 on page 
21, show, respectively, the variation in operating cost 
with water-rate and cooling range for natural-draught 
wooden-tower coolers, and forced-draught coolers. 

Coolers of ferrous and non-ferrous tubing in the form 
of coils, serpentines, or in banks of straight, horizontal 
or vertical tubes, can be used for cooling condenser or 
process water required for re-use; they have the 
advantages that the water in circulation can be kept 
clean, and little or no make-up water is required. 
When coils or banks of tubes are used, these are usually 
immersed in ponds fed with river water, the warm 
water flowing inside the tubes. Where it is imprac- 
ticable to immerse the tubes in a river or pond, the 
use, for instance, of shell-type straight-tube heat 
exchangers would involve higher pumping charges 
because of higher pressure drops on the coolant side 
of the unit. ntines for cooling liquids are usually 
erected in the open, directly over a small tank or reser- 
voir ; they have the coolant distributed as a film over 
the outer surfaces of the tubing, while the warm water 
to be cooled flows inside the tubes. Provided that the 
velocity of flow is reasonably high, satisfactory rates 
of heat transmission are obtained. 

In general, immersed coils with adequate surface cool 
warm water to within about 10 deg. F. of the coolant 
temperature, whereas serpentines cool it to within 
about 5 deg.F. of the coolant temperature ; this is due to 
the better heat transfer obtainable when the coolant 
flows as a rapidly-moving film over serpentine coolers, 
thus giving forced convection and some degree of 
evaporative cooling. For example, the overall heat- 
transmission coefficient for coils immersed in water is 
between 50 and 55 B.Th.U. per hour per square foot 

r deg. F., and, for serpentines, between 100 and 
110 B.Th.U. per hour per square foot per deg. F. 
These rates apply to the case where warm water flows 
inside the tubes at a velocity of 3 ft. per second, and 
cold coolant water outside the tubes, flowing chiefly by 
convection in the case of immersed coils, and by 
gravity film at velocities up to 4 ft. per second in 
serpentine coolers. Overall heat transmission coeffi- 
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cients for the shell-type straight-tube heat exchanger 
are, in general, higher than those for immersed coils, 
but lower than those for serpentine coolers. 

Finned or gilled tubes are not recommended for 
water coolers because, although giving improved rates 
of heat transmission under suitable conditions in com- 
parison with plain tubes, they are more readily fouled 
by scale or dirt. The use of gilled tubes is advan- 
tageous chiefly when the thermal resistance on the 
inside of a metal tube is much lower than that on the 
outside as, for example, when steam condensing in a 
pipe is being used to heat air. The operating costs, 
including pumping costs and depreciation charges, are 
shown in Figs. 7 and 8, opposite, for coil coolers 
immersed in ponds, and for film coolers constructed in 
the form of serpentines having river water as the 
cooling medium. 

The cooling of water by partial evaporation under 
reduced pressure—produced “ a steam-jet ejector and 
condenser—is simple in operation, self-regulating, and 
has the advantage that cooling may be taken to tem- 
peratures well below those obtainable in spray ponds, 
cooling towers or tubular coolers in which the coolant 
is river or well water. In the vacuum-cooling process, 
the warm water is cooled by passing it into a vacuum 
vessel in which the absolute pressure approximately 
equals the vapour pressure corresponding to the desired 
final temperature of the water. Because of this 
difference in temperature and pressure, the water boils 
and, in so doing, the sensible heat is converted to 
latent heat, which is removed in the vapour. The 
boiling is maintained by extracting the vapour formed 
and by providing means for the continuous flow of 
water through the vacuum vessel. The most econo- 
mical range of final water temperature for vacuum 
cooling is between 40 deg. and 60 deg. F., and in this 
range the latent heat of evaporation is approximately 
1,000 B.Th.U. per pound, that is, 1,000 times the 
sensible heat given up by the same quantity of water 
cooling 1 deg. F.; thus, for a reduction in temperature 
of, say, 10 deg. F., about 1 per cent. of the warm water 
entering the evaporator is vaporised. The absolute 
pressure needed in the evaporator to obtain the desired 
final water temperature can be ascertained from the 
vapour-pressure curve, given in Fig. 9, opposite, 
plotted from the Callendar steam tables. 

Vacuum-cooling plant consists essentially of a single- 
8 unit for si duties, and a two-stage unit for 
large duties (high rates of water flow and large ranges 
in cooling). The warm water to be cooled is peared 
into the chamber through nozzles located at the top 
of the evaporator. In the two- unit, the vertical 
evaporator is divided, by a orated baffle plate, 
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with a separate thermo-compressor vapour-compression 
unit. Two-stage operation is claimed to effect up to 
10 per cent. saving in thermo-compressor steam over 
single-stage operation. The perforations in the baffle 
plate break up the water into spray, thus increasing 
the water s from which the vapour can easily 
and more rapidly escape. The cooled water is extracted 
from the evaporator vessel and delivered to the point 
of application by a centrifugal pump designed to 
operate against the high vacuum. After absorbing 
heat from process plant, the water may be returned to 
the vacuum cooler for re-cooling. Each main thermo- 
compressor vapour-compression unit is usually of the 
multi-nozzle type, and the discharge of steam and 
induced vapour from each is delivered into a condenser 
of the oulies or jet t A surface condenser is 
preferred, so that the condensate may be made avail- 
able as boiler feed water. Air and non-condensible 
gases are extracted from the condenser by a two-stage 
air ejector with intermediate cooler-condenser. 

The capacity of a given unit depends upon the 
temperature to which the chilled water is reduced and 
varies widely with this temperature ; for example, a 
vacuum cooler designed to chill 6,400 gallons of water 
per hour from 60 deg. to 50 deg. F. is capable of 
cooling only 5,000 gallons per hour from 50 deg. to 
40 deg. F. Thus, by operating at the lower tempera- 
ture level of 40 deg. F., the cooling capacity of the 
unit is reduced by about 20 per cent. Alternatively, 
by operating the unit to cool from 65 deg. to 55 deg. F., 
that is, at a chilled-water temperature only 5 deg. F. 
above the design datum, the capacity of the unit, 
other factors being equal, would be increased by 
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in operation is a valuable asset, making it possible to 
meet reasonable demands for changes in temperature 
fairly readily. The variation in capacity with chilled 
water temperature, for a cooling range of 10 deg. F. 
and constant steam consumption, is shown in Fig. 10, 
opposite. 

As pointed out by G. Arrowsmith,* the steam 
consumption of vacuum-type coolers depends on the 
pressure and condition of the steam supplied to the 
nozzles of the thermo-compressor, and on the com- 
pression ratio of the thermo-compressor, that is, the 
ratio of discharge (or condenser) pressure to suction 
(or throat) pressure ; it also varies with the discharge 
pressure, which, in turn, is influenced by the quantity 
and temperature of the condenser water supply. It 
is essential for the correct operation of a thermo- 
compressor that the steam pressure should not fall 
below the designed figure. Thermo-compressors can, 
however, be designed for operation at pressures down 
to 20 lb. per square inch gauge, but the lower the 
steam pressure the greater is the amount of steam and 
condenser water required. An increase in pressure 
above the designed figure does not impair the per- 
formance, but the steam consumption increases propor- 
tionately to the pressure. A pressure of 150 Ib. per 
square inch gauge is normally available in most chemi- 
cal works, and this pressure is assumed for the purpose 
of the present paper. 

The curves in Fig. 11, opposite, show ey 
the effect of varying the temperature of condenser- 
water supply on the steam consumption of vacuum 
coolers for cooled-water temperatures ranging from 
35 deg. to 55 deg. F. (assuming the condenser water 
quantity is such that its outlet temperature is within 
8 deg. F. of the condensing vapour temperature). 
These curves are based upon a duty of 10,000 gallons 
per hour, cooled through 10 deg. F.; ejector steam 
pressure, 150 lb. per square inch gauge ; and condenser- 
water temperature rise, 17 deg. F. To obtain the 
greatest economy in operation, therefore, it is necessary 
to supply the condenser with cooling water at as low 
a temperature as possible. The importance of not 
operating the cooler at a lower temperature than is 
really necessary is also apparent from the curves. 

The weight of ejected or entrained vapour from 
vacuum evaporators or coolers, in Ib. per lb. of high- 
pressure steam supplied to the nozzles of thermo- 
compressors, may be approximated from the formula 
given by Houghton : 

AH, 
AB, 
where w = lb. of vapour entrained per lb. of high- 
ressure steam; AH, = isentropic drop in enthalpy 
Rout high pressure to entrainment pressure; A 


= -1 





w 





* Paper on “‘ Thermo-Compressors,” read at a meeting 
in Manchester, on March 7, 1945, of the Association of 
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isentropic rise in enthalpy from entrainment pressure 
to condenser pressure; and C = efficiency factor, 
which varies with conditions and thermo-compressor 
design. The steam consumption of vacuum coolers 
having a capacity of 10,000 gallons per hour has been 
calculated from this formula, on the assumption that 
the high-pressure steam is dry, saturated, and at a 
pressure of 150 lb. per square inch gauge, condenser- 
water supply at 60 deg. F., and that the value of C is 
0-93 (a value approximating closely to conditions in 
vacuum coolers in the ranges under consideration). 
The effect of cooling range (degrees of cooling) and 
chilled water temperature on steam consumption is 
shown in Fig. 12, on page 22. The evaporation and 
steam consumption of vacuum-type coolers for process- 
water rates up to 100,000 gallons per hour and ranges 
in cooling up to 40 deg. F., for various cooled-water 
temperatures between 35 deg. F. and 55 deg. F., is 
shown graphically in Fig. 13, on page 23. The steam 
pressure taken is 150 Ib. per square inch, dry saturated. 

The quantity of condenser cooling water required 
for the condensation of vapours discharged from the 
thermo-compressors to the condenser is also shown in 
Fig. 13. It will be observed that the quantity of 
condenser water required varies between five to seven 
times the amount of process water to be cooled in the 
evaporator. Consequently, where an ample supply of 
well or river water is not available, it is necessary to 
cool the condenser water in a pond or cooling tower 
and to employ a recirculation system, so that the actual 
consumption is reduced to a “ make-up” quantity 
(3 to 5 per cent.). The operating costs of vacuum 
coolers, derived from the data given in Fig. 13 and 
based on steam at 10s. per ton, electric power at 1d. 
per kilowatt-hour, and on condenser water being 
tower-cooled and recirculated, are given graphically in 
Fig. 14, on page 23. 

The employment of ammonia refrigerators is justified 
only for the chilling of water to temperatures below 
that obtainable by atmospheric cooling in towers and 
spray ponds, because of the high capital cost of the 
equipment necessary and the high cost of operation. 
In the compression system now considered, steam- 
driven ammonia-compression plant has been assumed, 
because the operating costs of electrically-driven units 
are between 40 and 50 per cent. higher than those of 
steam-driven units. Such plant consists essentially 
of a steam-driven gas pump or compressor, a surface 
condenser, an ammonia evaporator and a regulating 
valve to control the rate of flow of liquid ammonia 
to the evaporator. 

The basic principle involved is that of transferring 
heat by causing the ammonia to absorb the heat at the 
low temperature by evaporation, and to dissipate this 
heat at the high temperature by compression and con- 
densation. Evaporation and condensation are induced 
by maintaining a lower or higher pressure than the 
saturation pressure of the ammonia at the lower and 
higher temperatures respectively. The ammonia is 
transferred from the low-pressure side, that is, the 
evaporator or expansion coil, to the high-pressure side, 
the condenser, where the vapour liquefies. The liquid 
ammonia is collected in a receiver from which it is 
returned through an expansion valve into the evapor- 
ator. The ratio of the net heat abstracted to the work 
expended is known as the performance coefficient, and 
generally varies between 5 and 7. The consumption 
of water at the condenser, for average conditions 
obtaining in water-cooling plant, is about 100 gallons 
per hour per ton of refrigeration (taken as 12,000 
B.Th.U. per hour). For the chilling of water, the 
ammonia evaporator is usually in the form of a coil 
which is immersed in a tank or vessel through which 
the water to be cooled is passed. 

The operating costs of steam-driven ammonia- 
refrigeration plants, suitable for the chilling of water, 
have been worked out for cooling ranges up to 40 deg. F. 
and for water-flow rates up to 100,000 gallons per hour ; 
these are based on calculated performance coefficients, 
steam at 10s. per ton, depreciation at 10 per cent., 
and condenser water cooled for re-use in an atmospheric- 
type tower. The operating costs are shown graphically 
in Fig. 15, on page 23. It was found that the o a 
cost, when expressed in pence per 1,000 gallons o 
water chilled, showed little variation with water-flow 
rates between 10,000 and 100,000 gallons per hour ; 
the operating cost was found to be approximately 
linear with cooling range. 

The selection of cooling plant for any particular 
duty depends on the temperature required, the range 
in — necessary to reduce the temperature of the 
supply of process effluent water to that required at the 
point of application, the availability of space, and 
the capital cost of the equipment and cost of cooling the 
water. The temperature required determines the 
method of cooling. The range in cooling, availability of 
space and cost of cooling, together determine the type 
and size of plant. The operating costs include capital 
charges, pumping costs and charges for make-up water 
and other services where necessary. The major 
factors in the operating costs of spray ponds, cooling 





towers and heat-exchanger type coolers are capital 
charges and pumping costs, capital charges being the 
igher. The major factors in the operating costs of 
igeration-type coolers are steam or electric power 
costs and capital charges, steam or electric power costs 
being considerably higher than the capital charges. 
The convenience of the graphical method of comparing 
the cost of cooling water in the various types of cooling 
plant available will be seen from Fig. 16, on page 23, 
where curves are given for a cooling range of 20 deg. F. 

For applications where the temperature of the 
cooling water may have allowable limits of, say, 60 deg. 
to 80 deg. F. (as, for example, in certain distillation 
and oil-deodorisation processes), the spray pond is more 
economical than any other form of water cooling 
device for rates of water flow above 40,000 gallons per 
hour and cooling ranges up to 60 deg. F.; it is only 
when the cooling range (At) is above 60 deg. F., 
at rates of water flow below 40,000 gallons per hour, 
that the atmospheric tower becomes more economic 
than the spray pond. However, as the difference in 
operating costs of spray ponds and natural-draught 
cooling towers is small, the ultimate choice of water 
cooler for such applications will be governed by the 
availability of . In locations where space is 
somewhat restricted and the required final water 
temperature under the prevailing atmospheric condi- 
tions can be obtained by the use of a cooling tower, a 
forced-draught tower may be selected because it 
occupies only a fraction of the ground area necessary 
for a natural-draught tower. Comparison of Figs. 5 and 
6 on page 21 shows, however, that the operating cost 
of a forced-draught tower is almost twice that of the 
natural-draught tower. 

The use of immersed-coil coolers and film-type coolers 
is justified only in cases where the purity of the circulat- 
ing water has to be maintained or, loss by evaporation 
is to be reduced to a minimum. On economic 
grounds, film-type coolers are to be preferred to 
immersed-coil coolers, the operating costs of the 
former being between 30 per cent. and 40 per cent. 


lower than those of the latter; both of these types | peace 


have higher operating costs than tower coolers, the 
operating costs of film coolers being about twice, and 
immersed-coil coolers about three times, those of forced- 
draught coolers, in the higher cooling ranges. 

When it is desired to cool or chill water to tempera- 
tures below the wet-bulb temperature of the prevailing 
atmosphere, that is, down to, say, 35 deg. F., the use of 
spray ponds, towers, immersed coils or film coolers is 
precluded and recourse must be made to some form 
of refrigeration—either vacuum evaporation or ammonia 
refrigeration being the usual and most satisfactory. 
Of these two systems, vacuum-evaporation plants are 
preferred because of greater reliability and simplicity 
in operation, and lower maintenance and operating 
costs, which latter are about half those for ammonia- 
refrigeration plants. For temperatures below 35 deg. F., 
when freezing may occur, the use of brine instead of 
water in the circulation system would be necessary ; 
vacuum-evaporation plants can be operated to give 
such low temperatures, but they are less economic 
than ammonia or similar refrigerators, and conse- 
quently the choice of plant would lie in this latter field. 





MINING-MACHINERY EXHIBITION.—An exhibition of 
underground mining machinery is to be held at Earl’s 
Court, London, S.W.5, from July 7 to 16,1949. Par- 
ticulars are available from the general manager, Engineer- 
ing Centre, 351, Sauchiehall-street, Glasgow, C.2. 


CONFERENCE ON HEAT AND POWER SUPPLIES.—A full- 
day conference on “‘ Combined Heat and Power Supplies ” 
is to be held, under the auspices of the Institute of Fuel, 
at the Institution of Mechanical Engineers, Storey’s 
Gate, London, S.W.1, on January 25. The morning 
session will commence at 10 and the afternoon session 
at 2 o’clock. Three papers will be presented, namely, 
‘Elements of the Heat Balance,” by Mr. J. Edward, 
M.B.E.; “* Heat Balances in Practice,” by Mr. J. B. M. 
Mason and Mr. L. Clegg; and “‘ Steam Peaks,” by Dr. 
E. G. Ritchie. Further particulars may be obtained 
from the secretary of the Institute, 18, Devonshire- 
street, London, W.1. 





ELECTROLYTIC CAPACITORS FOR MOTOR STARTING.— 
A new range of electrolytic capacitors for use in starting 
induction motors has recently been introduced by the 
Plessey Company, Limited, Ilford, Essex. They are 
made in two types, with capacitors ranging from 100 
to 260 microfarads and from 20 to 80 microfarads, 
respectively. The first is designed for 110-volt 50-cycle 
motors with a maximum r.m.s. voltage of 150 or 230, 
with the starting winding connected to the mid-point 
of the running winding, The second is intended for 
use with 230-volt 50-cycle motors with a directly-connected 
starting winding and a maximum r.m.s. voltage of 275. 
They are housed in a moulded plastic casing with a 
removable cap to provide easy access to the windings. 
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NOTES ON NEW BOOKS. 


Architectural Practice and Procedure. By Hamivron H. 
Turner. Fourth edition. B.T. Batsford, Limited, 
15, North Audley-street, Mayfair, London, W.1. 
[Price 18s. net.] 

Unper the old pupilage system, the architectural 

student, like the engineering student, was expected to 

pick up the general procedure of professional practice 
and office routine during the period of his “ articles,” 
or subsequently as an ‘“‘improver.”” The modern 

student, however, now spends three to five years at a 

university or technical college, and can become fully 

qualified in the professional sense with only a small 
experience of the practical side of his job. Training 
in the schools ousted the old pupilage system, in the 
rofession of architecture, after the 1914-18 war, and 
r. Turner’s book, which first appeared in 1925, has 

been widely used in this particular branch of study. 
The present revised edition, following the general 
“shake up” of building practice as a result of a 
second world war, is timely. The book carries the 
student through the business side of his profession, 
from the essential preliminary of obtaining the work- 
providing client, running an office, and the details of 
all stages from the first sketched schemes to the signing 
of contracts, and so on through the period of super- 
vision to the final settling up of accounts. A new 
chapter dealing with war-damage repairs is a valuable 
addition, which alone should earn a place for the new 
edition in most architects’ offices. 


Materiallehre. Edited by Prorsesson Dr. Pum. 
HERMANN CHRISTEN. Fifth edition. Verlag von 
Huber & Co., Frauenfeld, Switzerland. [Price 11-25 
Swiss francs.] 

Tuts book, with its 575 pages of good print and paper, 
bound in half-cloth boards, and more than 200 illus- 
trations, reflects in many ways its country of origin, 
for there is little or no trace of war-time stringency or 
-time austerity in its general format, while the 
contents are highly instructive, not only in themselves 
but also in regard to the industrial leaning’ of Switzer- 
land. On account of the shortage of text-books in 
many European countries, the book should be in 
demand over a wide area. Compared with technicians 
in other lands, the author seems to have enjoyed 
unusual leisure and facilities for digesting recent 
publications of much interest. Anti-rust coatings of 
iron and steel may be mentioned as examples, these 
ranging from the Sherardising of 50 years ago through 
calorising (1911), alitising (1925), to aluminium-diffusion 
(1936), chrome-diffusion (1939), and cast-on and rolled- 
on sheet, including the war-time development of Cupal. 
Switzerland’s isolated position and dependence on 
foreign supplies has always made Swiss industrial 
economy an interesting study, and the unsurpassed 
productions of the leading Swiss manufacturers are 
striking —— of success against t odds. 
Foundry work by Sulzer, Escher Wyss, G. Fischer, and 
others is illustrated, including cast-steel Pelton wheels 
up to 11-5 tons in weight and gas-turbine casings in 
molybdenum steel up to 16 tons. With no native coal 
for their furnaces, the Swiss have made remarkable use 
of electric furnaces, operated by hydro-electric power. 
Useful sections on powder metallurgy, die castings, 
hot pressings, polishing and grinding, plastics and 
ceramics may be mentioned as an indication of the 
range of this useful book. 





The Mechanical Testing of Metals and Alloys. By 
P. Frevp Foster, B.Se., A.M.I.Mech.E. Fourth 
edition. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. [Price 
18s. net.] 

Tue fourth edition of this book, which was previously 

reviewed in ENGINEERING, vol, 144, page 50 (1937), 

and in vol. 151, page 345 (1941), contains amendments 

to bring the chapter on tensile and bending tests into 
line with recent British Standard specifications. The 
introductory chapters present the elementary theories 
of elasticity, and of the structure of metals, and subse- 
quent sections describe the essential features of a wide 
range of testing equipment and cere | apparatus ; 
the testing of wires and sheet metal is also described. 

An index is given, together with tables which list the 

chief mechanical properties of various metals and 

alloys, and the 300 pages of text are amplified by some 

230 figures, including photographic illustrations and 

graphs. The presentation of the subject matter and 

the elementary mathematics is clear and concise, 
though the section on the measurement of creep at high 
temperatures is somewhat brief in view of the growing 
importance of this subject. The book is particularly 
suitable for laboratory use, and for mechanical engineer- 
ing students, and can also be recommended for metal- 
lurgists and others, who, though concerned with the 
results of mechanical testing, are not engaged in it 





themselves or familiar with its techniques. 
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VIERENDEEL GIRDER 
ANALYSIS. 


By M. D. Brissy. 


THE bending moments and forces in Vierendeel 
girders are usually worked out by an approximate 
method, as a complete stress analysis involves very 
lengthy calculations. Perhaps the best known and 
most rapid method of working out these deficient 
trusses is the Engesser method, in which the points 
of contraflexure in the members are assumed to be 
known. The loads are generally taken to be point 
loads acting vertically at the nodes. This method, 
though adequate for estimating is hardly 
sufficient for working calculations. The analysis 
of the Vierendeel girder may be approached from a 
totally different angle if the girder be treated as a 
system of continuous frames (Fig. 1); mn Four- 
Moment equations may then be written for the n 
unknown corner moments. 


tions must be found. These supplementary equa- 
tions are given by expressing the statical relation 
between the boom moments and the vertical shear 
forces through the panels. The total number of 
equations then becomes : » Four-Moment equations 
for the n unknown moments ; m — 1 equations for 
the (m — 1) unknown deflections ; giving a total of 
n+ (m—1) equations for the n-+(m—1) 
unknowns. 

The simple arithmetical solution of these equations 
will not only give the exact corner moments for 
any case of loading, including distributed loads, 
point loads and applied moments acting anywhere 
on the girder, but also the values of the deflections 
at the intermediate nodes. This latter point is of 
special interest as Vierendeel girder deflections are 
somewhat greater than deflections in determinate 
trusses and may therefore influence the design. 

In establishing the Four-Moment equations, it is 
necessary to fix a sign convention. If moments 
giving tension in the lower side of the booms are 
called positive, we may then, for the posts, arbi- 





In adopting the frame analogy for the Vierendeel 
girder, the effect of the girder deflections must be 























trarily choose the side giving tension for a positive 
moment. However, once this choice has been made, 
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accounted for, since the essential difference between 
the girder and the continuous closed frames is in the 
support conditions (Fig. 2). Here, as in the case 
of frames subject to side sway, one additional term, 
allowing for distortion, is brought into the Four 
Moment equations. The Four-Moment equations 
for the panels of the Vierendeel girder take the 
following form : 


Mpgn-1)En + 2M,,Kn + 2Mp,Kn 44+ Min + 1Kn+ 1 











6BaKn 6An4; 
=6E - ~ K . 
on io ra n+1 
where 
Mi; Me ...... are the unknown moments, 
La span 1 
Kn; = = - 
ni Kets I, mom. of inertia stiffness 
= flexibility, 
— 6 Ba - 6 An+1 
$ are the load terms for spans 
Ln La+1 


nandn + 1. 

The additional term 6E«,, contains the angle of 
drop, a,, and may be expressed in terms of the 
vertical displacement A (see Fig. 3). 

6E An 
6 =——. 
Een, In 
Since the actual lengths of the various members 
of the panel remain constant : 


On = On +1 
An = An+i- 


In the most general case, if a Vierendeel girder 
has m panels, there will be (m — 1) node points 
having deflections A, and therefore (m — 1) addi- 


and hence : 
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it should be adhered to throughout the example. 
In Fig. 4, the dotted lines indicate the parts in 
tension for a positive moment. Hence the equili- 
brium of node n is given by : 
M; + My— My = 0, 
or, adopting another notation : 
M, + M, — M, =0. 
The moments in the posts may, therefore, always be 
expressed in terms of the boom support moments. 
In setting up the Four-Moment equations, the 


angle «, = = is taken to be positive when measured 


to the tension side of the booms for a positive 
moment. 

Consider the 5-bay symmetrical Vierendeel girder, 
symmetrically loaded, as shown in Fig. 5, in which 
L = 12-80 ft., h, = hs = hy = h = 12-00 ft. I, = 
8,005 in. I, = 6,160 int I,,= Ih, = 13,309 int, 
and I,, = 7,395 in.* Because of the symmetry 
in the example, only half the girder need be consi- 
dered. Ten Four-Moment equations may be written 
for the 10 unknown moments (A;; B,; B;; C,; 
C;; D,; E,; E,; F,; F,), and the two supple- 
mentary statical equations may be obtained for the 





tional unknowns, for which (m — 1) further equa- 





deflections A, and A, at joints E and F, by express- 


ing the vertical shear forces in panels I and II in 
terms of the boom moments ; twelve equations for 
the 12 unknowns may therefore be obtained. 

The moments A; D,, B,, E,, C,, F, may be 
found by expressing the condition for rotational 
equilibrium at nodes A; B; OC, etc. The post 
moments are, therefore, given by the following 
relations (see Fig. 6, a, b, c, d). 


B, = B, — B, 
Cc, =O, — C, 
D, = — D,; (i) 
E, = E, — E, 


F, = F, — F, 
also, by symmetry C, = Cj 
F, = F, 
The 10 Four-Moment equations are as follows. 


For spans DA— AB, 
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For spans EB— BC, 
h h L L 6EA, 
— — +2B,—- +C,-—- ——* =0 .. (3) 
Baz + Bai + aT +5, = 
For spans BC—CF, 
L L h h 6EA, 
— + 2C0,— —2C,—— — F,; — + =@0. (4) 
~e* Ay, "hh, ih, L 
For spans FC—CC’, 
h h L L 
— +20,—— +20,—+C—-=-0 . . (5) 
F, ih, . Cy Ih, OT 1h 
For spans F’F —FC, 
L L h h 
‘ — —2F,— —C,>-- =0 . _ (6) 
% oes *Ths "Ths 
For spans CF —FE, 
h h L L 6EA, 
— +2F,— +2F,— —+—=0. (7) 
7. *h, 17, * Est, L 
For spans FE—EB, 
L L h h 6B8A, 
<4 ——3E,— — B,— - =0 (8) 
ete eS 
For spans BE—ED, 
h h L L . 6EA, 
B, —+2E,— + 2E,— + Ds= + = 0. (9) 
_ "Ths ~ Ip *i, L 
For spans ED—DA, 
L L h h- 6BA, 
a aoe — —~2p.— — Ae— —- ——— = 0. (10) 
Ky Ip +i ‘hl, hy, 
Note: Equations (5) and (6) have no deflection 
term enh as the relative displacement between 





L 
points C and C’, F and F’ is nil. 











ENGINEERING. 








VIERENDEEL GIRDER ANALYSIS. 





















































































































































MATRIX I. 
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The two supplementary statical equations giving 
the relation of boom moments to vertical shears 
are given by equations (11)’ and (12)’ below (see 
Fig. 7, page 23). 

For panel I, 

— As + By + EF, — Ds 








7 S. . (1% 
For panel II, 
—B, C. F, - 
3 + 12 Fad oe Sn . (a2 


In this example, panel ITT has no shear force in the 
booms. 

Equations (1)’ to (12)’ are the n+ (m—1) 
equations for the complete solution of the Vierendeel 
girder. Placing the 12 unknowns in evidence, 
the coefficients of these unknowns may be arranged 
in matrix form, bringing out the complete symmetry 
of the equations about the principal diagonal of the 
matrix (see Matrix I, opposite). 

The values of h, I, L may be put straight into the 
matrix, but this would give unmanageably small 
figures. If both sides of the Four-Moment equations 


be divided by z the coefficients of the unknown 


moments A;, B,, B,, etc.......... will be of more 
convenient magnitude ; they will be ratios of the 
flexibilities of the members, instead of the flexibilities 
themselves, i.e., pure numbers. 

To bring the coefficients of 6EA,, 6EA, and the 
coefficients of the unknown moments in the statical 
equations (1) and (2) (see Matrix I) to the same order 
of magnitude as the remaining coefficients in the 
matrix, it is recommended that the following 
system of units be adopted. 


Units 
tons to: 
B=; A-=inches. .-.EA = —. 
Moments (A;, B,, Bs, etc.) = ft. tons. 
8 (point loads) = tons.’ 
_ 6EA tons ft.* tons x ft.? 
“122 in. © in. in.® 
er? em @ Bey ih 
- =—, — dq -=—, — =in.® 
og eS ee , 


and now the right- and left-hand sides of the 
various equations have the following dimensions : 
For equations (1) and (2) 
L.-H. Side R.-H. Side 
Mom. x ; x 


For equations (3) to (12) 


6EA x 2 x Ie also “load terms ” (if 
12" L L any) = ft.-tons. 
and Moments 


and § x : = tons. in.* 


Note; If all the length units were brought down 
to inches or feet throughout, the coefficients of 
6EA, and 6EA, as well as the coefficients of 
equations (1) and (2) would be of very differént 
magnitude from the terms in the rest of the matrix. 
It will be remembered that equations (1) and (2) 
are not elasticity equations but statical relations 
between the boom moments and the vertical shear 


forces in panels I and II. 
With the above units the solution of the matrix 
gives the moments A;, B,, Bs, ete. ...... in ft.-tons 


and A in in. 
Adopting the system of units recommended 
above, the values of the coefficients of the unknowns 


are ;— 


h _h _ 12 x 12-00 
Th, In, 13,309 


L _ 12 X 12-80 | 590 
i; 8,005 





= 0-01083 


ING. 





—. 








h 12 x 12-00 

7,395 

12 x 12-80 
6,160 


= 0-01948 


== = 002496 
Ip 
1 1 
L 12-80 
S, = 121-5 tons 
S,,= 69-25 tons, 


and multiplying by 


= 0-07815 


h h I 
Pe. * I aE = 0°565; (0) = number 
I Lb In, L 

L It = 1-000; (0) = number 
i; L 

A It = 1-015; (0) = number 
Tn, L 

L ke 1-300; (0) = number 
Ip L 

1k 

— + = 4-070; in.*/ft. 

LL icc 


Ii Ie 
— = 121-5— = 6,325 (in. 
L L ( tons) 


Xe - 69-25. = 
L L 


3,605 (in.* tons) 

Putting these last values into Matrix I, the final 
numerical set up of the equations giving the solution 
of the Vierendeel girder is obtained (see Matrix I). 

The solutions of the equations are : 








6EA, tons ft.? 

ag © = tte 

6EA tons ft.? 

Tod = — 125-361 —5 
A, = —424-313ft.tons F, = + 45-351 ft. tons 
B, = + 392-174 ft.tons F, = + 227-401 ft. cons 
B, = — 203-346 ft. tons E, = — 198-278 ft. tons 
C, = + 256-631 ft.tons E, = + 356-307 ft. tons 
C; = + 66-797 ft. tons Ds = — 381-601 ft. tons 


The actual deflections at points E and F are : 
177-011 x 144 


ss ) Ss i 02) - 317 in. 
A, 6 x 13,400 wie 
125-361 x 144 
eee om O° S85 in. 
A, 6 x 13,400 . 


Total max. deflection A = A, + A, = 0-542 in. 





The post moments are : 


A, = A, = —424-313 ft.-tons, 
B, = B, — B, = —203-346 — 392-174 = 

— 595-520 ft. tons 
Cg = Cs — C, = 66-797 — 256-631 = —189-834 

ft. tons 

D, = —D, = +381-601 ft.-tons 
E, = E, — Es = 356-307 + 197-278 = 

+554°585 ft. tons 
F, = F, — Fy = 227-401 — 45-351 = 


+182 -050 ft. tons 


These results give the bending-moment diagram 
shown in Fig. 8, opposite. Once the bending 
moments are known, the shear forces and direct 
forces may be found by simple statics in the usual 
manner. 

A check on the values of the moments may now 
be obtained by finding the shear forces in the 
booms and posts due to these moments and compar- 
ing them with the shear forces obtained by consider- 
ing the Vierendeel girder as an ordinary single beam. 











Vertical Shear Forces in the Booms. 
. 392-174 
boom AB: S = 424-313 + 392-174 = 63-788 tons 
12-80 
81-601 + 356-30 
beet 98: Ba Se Se 57-649 tons 
12-80 
Total vertical shear force across panel I = 121-437 tons 
03-346 256-631 
aeons BO. 8 @ ee 0 0 heme 
12-80 
198-278 227-401 
boom EF: S = 5 = 33-256 tons 





Total vertical shear force across panel II = 69-192 tons 





The simple beam shear forces are : 
For panel I: 121-5 tons (= support reaction). 





II: 121-5 — 52-25 = 69-25 tons. 


Fig. 8 gives the bending-moment diagram for the 
Vierendeel girder and Fig. 9, opposite, gives the 
bending moments for the same girder worked out by 
Engesser’s approximate method. In working out 
the girder by Engesser’s method, the points of 
contraflexure in the posts were taken to divide the 
height, h, proportionally to the square roots of the 
boom moments of inertia, as recommended by 
Saliger.* This manner of determining the points 
of contraflexure, advantageous in the case of the 
posts, was not adopted for the booms as it would 
have led to considerable errors in panel II boom 
moments. Engesser’s method gives zero moment 
for the booms in panel III, since, in this method, 
the moments are derived from the vertical shear 
forces which are nil across panel III. 

The Four-Moment method, however, shows that 
the boom members of panel III have a constant 
moment. This result is compatible with the zero 
aM) 
' dz 
and for a constant moment the shear force Siz) 
must equal zero. On the whole, Engesser’s method 
gives conservative values for the posts, but the 
actual boom moments may vary either way. 
Engesser’s method, therefore, does not always 
ensure the expected factor of safety. 

It will be noted that the solution of Vierendeel 
girders by the Four-Moment Theorem gives rise to 
a number of elasticity equations based on Maxwell’s 
theory of reciprocity of load and deflection. The 
matrix of the coefficients of the unknowns is there- 
fore symmetrical about the principal diagonal: a 
feature common to all elasticity equations (such as, 
Three Moment equations) which greatly simplifies 
their solution, especially if Gauss’s method of 
successive elimination be The perfect 
symmetry of the matrix is a check on the setting up 
of the equations. A point of interest is that the 
left-hand sides of the equations depend exclusively 
on the geometrical constants of the Vierendeel 
girder and only the right-hand sides vary with the 
loading. The matrix for a given girder, therefore, 
need not be solved afresh for different cases of 
loading ; only the right-hand sides need be adjusted. 
This property of the equations will facilitate the 
stress analysis of Vierendeel girder bridges subject to 
varying and rolling loads. 

The example treated above is for a Vierendeel 
girder with parallel booms; the method, however, 
is a general one and may be adopted for parabolic 
girders and also for girders continuous over supports. 


vertical shear force in panel III since = S¢) 





BOARD OF TRADE DEPARTMENTAL AMALGAMATION.— 
With the object of ensuring that both trade policy and 
matters of trade promotion shall be the responsibility of 
a single department, the commercial relations and 
treaties department of the Board of Trade has been 
amalgamated with the Board’s export-promotion depart- 
ment, taking effect from January 1. The new body is 
to be known as the commercial relations and exports 
department. 


MaRINE RaDAR IN SERVICE.—A film illustrating the 
installation and operation of the marine radar equipment 
on M.V. Munster has been made by Marine Instruments 
Limited, 107, Fenchurch-street, London, E.C.3, to 
demonstrate the use of this equipment for navigation in 
conditions of poor visibility. Sets of the type shown are 
capable of resolving an object 40 yards away in a hori- 
zontal plane, but are blind to objects more than 15 deg. 
below the horizontal. It is thérefore desirable to fix an 
upper limit for the height of the aerial above the water 


line. On the other hand, from the viewpoint of maximum 


range, the higher the aerial is located the better. A 
height of from 30 to 50 ft. is therefore recommended. 
This gives ranges up to 27 miles for high coast lines down 
to 16 miles where the shore is flat. Vessels over 20,000 
tons can be picked up at a distance of 20 miles and spar 
buoys at 4 mile. The equipment has a horizontal beam 
width of 1-5 deg. The coast line and shipping are dis- 
played on a plan position-indicator with a useful picture 
diameter of 74in. This is fitted with three range scales, 
the shortest being continuously variable from 1 to 5 miles 
and the others being fixed at 9 and 27 miles, respectively. 
The linearity of all the ranges is within + 5 per cent. of 
full-scale deflection. The controls are all grouped on a 
console and such operations as running the geuerator up 
to speed and warming the valves are automatic. 








* Der Eisenbetonbau, Sixth edition. Leipzig, 1933. 
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Heat Conduction, with Engineering and Geological Appli- 
cations. By PROFESSOR LEONARD R. INGERSOLL, 
Otro J. ZOBEL and ALFRED C. INGERSOLL. MoGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 4 dols.]; and 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 24s.] 

THOUGH most texts on heat contain a brief, and 

often somewhat perfunctory, chapter on the conduc- 

tion of heat, there are surprisingly few treatises 

devoted exclusively to the subject; yet it was the 

investigation of the laws of propagation of heat, 
proposed by the French Academy in 1811, that called 
forth Fourier’s classic Théorie Analytique de la 
Chaleur, wherein he developed methods that have 
since proved fundamental in most other branches of 
mathematical physics. 

The present volume represents a revised and 
considerably enlarged version of the Introduction to 
the Mathematical Theory of Heat Conduction, pub- 
lished by the two senior authors in 1913. The 
addition of new material has not been allowed to 
obscure the original aims of the work, which were 
to develop the mathematical theory with the needs 
of the student of physics and engi in view, 
and to stress applications of technical importance 
in engineering and geology. 

The basic Fourier conduction equation having 
been derived, it is employed in solving steady-state 
problems, first in one dimension and then in more 
than one dimension. Among the applications 
dealt with in this section are refrigerator, furnace, 
and aeroplane-cabin insulation, lagging of steam 
pipes and geysers, and gas-turbine cooling. The 
idea of thermal resistance is introduced, and the 
part played by contact resistance is stressed. 
Periodic heat flow in one dimension leads to the 
consideration of the diurnal and annual variations 
in temperature at various depths below the earth’s 
surface and to the calculation of the velocity of 
penetration of such waves, periodic flow in cylinder 
walls, thermal stresses and the curious phenomenon 
of “ice mines ”—localities where ice forms in 
summer and where the temperature remains above 
that of the surroundings in winter. The chapter 
on Fourier series and Fourier’s integral is concise 
but adequate, and contains a ph on har- 
monic analysers. Under the heading of “linear 
flow of heat” there are considered, in turn, the 
infinite solid, the semi-infinite solid, heat sources, 
the slab and the radiating rod. Applications 
include the cooling of the earth with or without 
radioactive considerations, post-glacial time calcu- 
lations, hardening of steel and annealing of castings 
electric and Thermit welding, vulcanising, and treat- 
ment of large telescope mirrors. In many instances, 
experimental data are quoted in support of the 
theoretical calculations. 

The chapter on the flow of heat in more than one 
dimension treats radial flow, heat sources and 
sinks, a sphere with surface maintained at constant 
temperature, cooling of a sphere by radiation, 
infinite circular cylinder, and the general case of 
heat flow in an infinite medium. The most timely 
application relates to heat sources in connection 
with that most recent development in air condition- 
ing, the heat pump. Among others are the cooling 
of concrete dams, mercury thermometers, canning 
processes and the drying of porous solids. A chapter 
is devoted to the rather complicated problem of the 
formation of ice and to the alternative solutions 
proposed by Neumann and Stefan. Chapter XI, 
one of the most interesting and important in the 
book, deals with auxiliary methods to which 
recourse must be had when the solution of heat-con- 
duction problems by analytical methods proves 
difficult or impossible. Of these some are graphical 
(Schmidt); some computational (Emmons exten- 
sion of the relaxation method) ; others experimental 
(based on the formal analogy between the equations 
governing the flow of heat and the flow of electricity). 
All are clearly described and, necessitating, as they 
do, only the simplest mathematics, are of great 
practical value. 

The concluding chapter outlines methods of 
measuring thermal-conductivity constants for good 





There are a number of appendices, mainly of a 
tabular and mathematical character, while sets of 
useful problems are given at the ends of the various 
vhapters. The only notable omission is the con- 
ductivity of heat in crystals, the interest of which, 
however, is mainly scientific. The method of pre- 
sentation and the wealth of illustrative material 
combine to render this book especially serviceable 
to the engineer who is confronted with problems on 
the conduction of heat. 





Electric Resistance Strain Gauges. By W. B. DOBIE, 
M.Sc., and P. O. G. Isaac, B.Sc. (Eng.), A.M.I.C.E. 
The English Universities Press, Limited, St. Paul’s 
House, Warwick-square, London, E.C.4. [Price 15s. 
net.) 

Tue electric resistance strain gauge is now in such 

common and varied use for engineering experi- 

ments that it is hard to realise how recently the 
device, now available in many different forms, was 
invented and introduced into this country. The 
point is brought home in this book, however, to 
anyone wishing to study the characteristic behaviour 
of these gauges and the best ways of using them for 
particular applications. Apart from this new 
book, the considerable literature on the subject 
consists almost entirely of separate technical papers 
and articles, nearly all limited in scope to a few 

or specific methods of use, the study of 

which entails much repetition and is, indeed, a 

weariness of the flesh. The authors have conse- 

quently performed a valuable service in making a 

comprehensive survey of much that has been 

published about resistance strain-gauging technique 

in England and America, editing the material with a 

good deal of skill and presenting it as a compact 

and orderly treatise. The result, within the com- 
pass of a book of just over 100 pages, is an admirable 
introduction in which the principles underlying the 
validity of the wire resistance gauge are set forth 
against a background of elastic-strain theory and 
supplemented by descriptions of what types of 
gauges should be selected, and how preferably they 
should be distributed, in order to conduct a satis- 
factory strain analysis. 

Recognising the great importance of the associated 
electrical circuits if the full advantages of strain 
gauges are to be realised, the authors deal at some 
length with electronic-bridge circuits and the special 
ene entailed in dynamic-strain recording, pre- 
acing their treatment of these matters by a chapter 

on elementary electronics which includes brief 
accounts of the cathode-ray oscillograph, amplifiers, 
oscillators and rectifiers. The step from this to the 
very condensed descriptions of bridge circuits and 
amplification problems is too considerable for much 
more to be done than to indicate objectives to be 
aimed at in circuit performance, as distinct from 
dealing with circuit design in enough detail to 
instruct the reader adequately to build his own 
apparatus. The alternative plan actually followed, 
of describing professionally-made equipment, can be 
justified, perhaps, on the grounds that excellent 
strain-gauge recording devices can be purchased 
from British, as well as American, makers. In a 
succeeding chapter the authors refer very briefly 
to various applications of strain gauges, ranging 
from structural problems in ships and aircraft to 
measurements of pressure, residual strain, and the 
effects of impacts. 

The inclusion at the end of the book of a not very 

critical account of the brittle-lacquer method of 

stress estimation is somewhat out of place in a book 
on wire resistance strain gauges, and hardly to be 
excused on the ground that a preliminary investiga- 
tion with lacquer may indicate situations in which 
strain gauges can be most profitably mounted. It is 
difficult to escape the impression that the authors 
read so much about “‘ Stresscoat ” in the course of 
searching the literature on strain gauges that the 
addition of a short chapter on the subject presented 
little difficulty. Readers with experience in resist- 
ance strain gauging would have preferred more 
information about the fatigue properties of gauges 
or their behaviour under hydrostatic pressure. 

Nevertheless, the book has a great deal to commend 

it, and newcomers to strain-gauging technology will 

appreciate the care that has gone to its compilation 
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In his address to the Trades Union Congress in 
September, 1948, Sir Stafford Cripps claimed that 
there were no more resources of manpower to 
throw in to increase production, and that the only 
way of increasing the real standard of living was 
by greater output per head. This could be achieved, 
he said, by longer hours and harder work, or by 
improved organisation and management—preferably 
the latter. The labour situation is indisputably 
tight. At the end of 1946, the estimated population 
of working age was 31-7 millions, made up of 16-0 
million males and 15-7 million females. The total 
working population, however, was 20-41 millions, 
of whom 14-63 million were men and 5-78 million 
women. In September, 1948, it had fallen to 
20-3 million. This means that about 37 per cent. 
of the women of working age are employed and 
91 per cent. of the men. In May, 1947, the Ministry 
of Labour Gazette estimated that, by the end of 
1951, the population of working age will have 
fallen to 31-5 millions, or 16-0 million men and 
15-5 million women. On the basis of the pre-war 
proportion, but making allowances for current 
trends, the Ministry assumed that 90-5 per cent. 
of the men and 34-3 per cent. of the women would 
present themselves for work. The total working 
population would then be 20-1 millions, composed 
of 14-5 million men and 5-6 million women. More- 
over, there will be a pronounced fall in the number 
of men below 40 and an increase in the number 
over 40. The fall in the female working population 
will be greatest in the 15 to 24 age group. While 
the total working population in September, 1948, 
was actually 228,000 higher than the target given 
in the Economic Survey for the end of 1948, this 
was largely the result of the unexpectedly high pro- 
portion of women remaining in industry. It is 
unlikely that the number of women available for 
employment will remain at its present high peace- 
time figure, and the Ministry of Labour estimate of 
34-3 per cent. is probably not far out. 

The trend of employment in civil occupations, 
particularly in the light of increased defence commit- 
ments, is thus likely to be steadily downward. This 
may be offset slightly by the higher proportion of 
elderly men and women offering themselves for 
employment. Men of 65 and over, and women of 
60 and over, are not included in the employment 
statistics of the Ministry of Labour and the working 
population is consequently understated. In June, 
1939, there were 320,000 men of 65 and over and 
63,000 women of 60 and over in insurable employ- 
ment, and in June, 1947, 456,000 men of 65 and 
over and 104,000 women of 60 and over. To some 
extent, this increase was due to the increase in the 
population of these ages; nevertheless, the per- 
centage of these age groups in employment has also 
increased, from 40-2 to 51-1 per cent. in the case 
of men and from 5-3 to 7-9 per cent. in the case of 
women. In manufacturing industries, in June, 
1947, men over 65 and women over 60 formed 
3 per cent. of the total employed. In the textile 
and clothing industries, the percentage tended to 
be above the average. In many branches of the 
engineering industry the percentage was below the 
average ; in metal manufacture it was 2-9, in engi- 
neering 2-7, in vehicles 1-9, and in shipbuilding 
and repairing, an exceptional case, 4. The increasing 
age of the working population, however, is a matter 
of grave concern, and the increase in numbers of 
old people offering themselves for employment is 
not an effective substitute for the declining numbers 
of juveniles reaching working age. 

Is the available labour force being used to full 
advantage ? A comparison of the man-power tar- 
gets for the end of 1948 set-out in the Economic Sur- 
vey, with actual employment figures in September, 
1948 (Table I, opposite), reveals a very disquieting 
state of affairs. Five months after the disinflation- 
ary Budget, the instrument which was relied upon to 
secure better distribution of labour, the “‘ basic ” 
industries were still badly undermanned. The coal 
mines were 25,000 short of their target and agri- 
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the textile industry, which was 77,000 below target 
strength. On the other hand, building and civil 
engineering, which were to lose 164,000 between 
December, 1947, and December, 1948, had actually 
gained 22,000; the distributive trades, scheduled 
to lose 31,000, " gained 34,000 ; the food, drink and 
tobacco industries gained 17,000 instead of losing 
31,000, and in the Public Service group, the number 
of National Government employees increased by 
10,000, as against a planned decline of 1,100. 
Labour has shown itself extremely immobile. 
Unemployment throughout 1948 has remained 
round about the 300,000 mark, the same level as 
December, 1947. Sir Stafford Cripps, commenting 


TABLE I.—DIsTRIBUTION OF TOTAL MANPOWER, 1939-1948. 





short of their target, and had increased their labour 
force by 29,000 between December, 1947, and 
September, 1948. In the more comprehensive group 
taken from the Ministry of Labour Gazette (Table IT), 
the number employed increased by 73,300 to 3-5 
millions over the same period, but figures for 
aggregate employment obscure the very real shortage 
of many grades of skilled labour. As the chairman 
of Robey and Company pointed out, st! the 
skilled labour requirements in the manufacture of 
heavy engineering machinery are entirely different 
from those of mass production.” If additional labour: 
of the right sort were available, this company, in 

common with many others, could materially increase 


(THOUSANDS.) 





























| June, June, Dec., Dec., | Sept., | ot 
1939. 1945. 1946. 1947, 1948, Dec., im ON 
| 
| | 
Building materials “ 567 403 | 574 590 587 | 575 
Metals and ee 2,267 3,336 | 2,822 2,876 2,898 2,900 
Textiles .. , 798 498 | 615 | 652 683 760 
Clothing, etc. 1,005 662 807 831 831 800 
Food, drink and tobacco 654 518 599 623 640 600 
Chemicals, etc. .. 266 423 | 821 336 340 335 
Other manufactures ae 1,258 990 | 1,268 1,343 1,332 | 1,355 
Basic industries* 7 3,298 3,288 1 8,530 3,629 8,716 3,752 
Building and civil engineering. ri 1,310 722 | 1,289 1,364 1,886 1,200 
Public servicet ks 1,465 2,030 | 2,158 2,173 2,233 2,150 
Distribution : 2,887 1,958 | 2,309 2,851 2,385 2,320 
Consumers’ service 2,225 1,598 1,984 | 2,120 2,132 | 2,128 
— in civil employment 18,000 16,416 | 18,276 18,888 19,183 | 18,870 
rsons registered as 

een | 1,270 103 398 300 308 450 

pr "services ‘and “Telease i | 
leave | 450 5,130 1,740 1,242 | 847 780 
21,469 20,414 20,420 20,388 20,100 


| 19,750 








* Coal and other mining and quarrying, agriculture, fishing, transport and ship 


i 





ing, public utilities. 


+ National and local Government service, including fire service, police and civil efence. 


TaBLE Il.—Employment in the Metal Manufacturing | TABLE III.—Labour Turnover, July and August, 1948. 

















and Engineering Industries. (Thousands.) 
| gune, | June, | June, | Sept., 
1939. | 1945. | 1947. | 1948. 
eat: 
Maal Manufacture. | 815-0 851-7 | 858-5 | 367-4 
iron. . ee .-| 16-5] 15:9] 16-2 17-3 
Steel smelting . . ..| 160-0 | 174-8 | 176-9 186-4 
Non-ferrous metals .. 55-9 | 84-0 | 87-6 83-6 
Tin plates ..| 26-1] 12-4 15-0 | 15-5 
Iron and steel tubes ..| 31-7 84-7 33-8 85-0 
Wire, wire netting ..| 26-8 | 29-0 | 39-0| 20-6 
E ing. 989-8 | 1,438-0 | 1,286-7 | 1,292-4 
ralengineering .. 704-7 |1,139-8 | 948-1 | 1,004-8 
Electrical engineering..| 133-9 | 175-8 | 154-3 | 162-4 
Conrtructonal gts --| 622] 80-5) 68-1) 69-2 
Constructional engin- | | 
eering | 49-0} 41-0! 66-2! 56-0 
Construction an and Repair 
of Vebisies | 538-9 | 937-4 | 647-1 | 648-0 
aan oe ng | 12-6] 14-4] 26-2] 26-0 
an a . . } . | . 
Carriages carts, ote. rad 46-8 | 60-3 65-2 
Shipbuilding a re- | | 
Taking st | 144-7 | 252-3 | 214-7| 216-2 
Other Metal Industries. 820-0 | 886-3 | 998-5 | 999-8 
a grate, pi he | | 
an apy ron- | 
founding | 94-7| 52:3| 70-0! 74-0 
Electrica’ = ing and 
contracting .. | ~Otee 37-5 | 57-9 63-7 
Eietrical” aa atus, | | 
cables, e’ “appar .| 195-9 | 279-9 | 276-2 | 268-9 
Scientific -. photo- | 
wiciuteamnc’| $62) 12) 03] $23 
Hand “Tools, cutlery | | 
etc. .. : | 83-5 | 87-2] 44-4] 43-9 
Bolts, nuts,etc. ||| 20-8| 84-9| 383-9) 384-5 
Brass ai and allied metal --8 oel ae ane 
Heating ~ vented 22-6 19-9 | 33-0 re 5 
a ratus ° , - . ° 
other _ s i. 286-3 | 315-6 | 357-4 | 355-9 
Totals : 
Males .. = 828-6 2,609-8 | 2,708-3 | 2,816-2 
Females se 429-9 | 1,255-9 | 742-2 | "707-6 





| 2,758-4 | 8,865-7 | 3,450-5 | 3,523-8 
| i ! ' 





on the transitional unemployment target figure of 
450,000, which would be necessary if the required 
degree of mobility of labour was to be achieved, 
stated that he did not think a figure of half a 
million was dangerous. This immobility has been 
possible because of the ready availability of jobs 
within the same district, and often within the same 
industry in that district. 

For metals and engineering, the labour situation, 
as is shown by aggregate employment figures, has 
been comparatively good. In September, 1948, 
the trades listed under the heading of metals and 
engineering in the Economic Survey were only 2,000 
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No. of 
| geet | oor | Reset | oo 
ments r100 | ments r 100 
ae + per 100 | Per i | Per 100 | Pern 
em- 
ployed. | ployed. ployed. | ployed. 
} 
Metal manufactures | 1-8 | 20 | 26 | 26 
Engineering and elec- | | 
trical goods 2-1 | 2-5 3-5 3-1 
Vehicles = | 2-0 2-1 8-1 2-4 
Metal goods not | 
otherwise specified | 2-7 3-5 3-9 4-0 
Precision instru- | i | 
ments, jewellery . 1-9 | 8-5 3-2 
Total in above indus- | | 
tries -- of 22 | 265 | 883 | 8-2 
Total all industries. .| 238 | 2-5 3-6 | 8-1 





their output. Hick, Hargreaves and Company, for 
example, were seriously handicapped by shortage of 
technical staff and by the dearth of skilled moulders 
in the foundries. 

Labour turnover figures are disturbingly high ; 
figures for July and August, 1948 (Table III, 
published in the Ministry of Labour Gazette) indicate 
an annual turnover rate of about 30 per cent. ; 
moreover, these figures, which apply only to estab- 
lishments with more than ten employees, slightly 
underestimate the position, since persons engaged 
and leaving within the period are not included. 
No comparison with earlier periods is possible, 
unfortunately, since figures are not available. 
Turnover in all branches of the engineering industry, 
taken as a whole, is about average, and for the 
heavier engineering trades, considerably below 
average. Where mass-production methods put a 
smaller premium upon skill, labour turnover tends 
to be higher than average. Although no figures 
are available, it is possible also that, in small firms 
unable to offer incentives comparable with the big 
firms, turnover is above the average. 

What are the cures for the maldistribution of 
labour and a high rate of turnover? The first 
would be a stronger dose of the medicine already 
administered. Taxation, however, is already at 
levels which seriously hamper incentives, and a 
further strengthening of the disinflationary policy 
could come only from a curtailment of Government 
expenditure, a course which, at present, must be 
more or less ruled out, if only for political reasons. 
Effective measures for the direction of labour must 
also be discarded for social and political reasons. 
A third possibility would be a wages policy which 








would offer inducements to labour to enter the 
undermanned industries. 

At the beginning of February, 1948, the Govern- 
ment issued their White Paper on Personal Incomes, 
Costs and Prices, which called for a voluntary wages 
stop except in certain specific circumstances. This, 
it was hoped, coupled with the voluntary restriction 
of company dividends, would supplement the 
budgetary measures aimed at reducing inflationary 
pressure. The Trades Union Congress, with a sub- 
stantial minority of trade unions dissenting, agreed 
on the policy of wage-pegging with the proviso that 

. . the Government pursue vigorously and 
firmly a policy designed not only to stabilise but 
also to reduce profits and prices.” This meant, 
in effect, standing the policy of the White Paper 
on its head, for what was aimed at was a reduction 
in real wages. The measure as accepted by the 
T.U.C. amounted to “lower prices, constant 
wages.” This could not close the inflationary gap, 
but would widen it by increasing real wages. While, 
moreover, most unions were in favour of wage- 
pegging as a general principle, individual unions 
were only too ready to see a special case in their 
own circumstances and to exempt themselves from 
its application. In May, Sir Stafford Cripps 
addressed the annual conference of the Confedera- 
tion of Engineering and Shipbuilding Trades and 
stated bluntly that ‘This country is sunk if we 
indulge in a general rise of wages.” Sir Mark 
Hodgson supported the general proposition, but 
declared that the Confederation’s own wage claims 
“. . . can be fully justified under the principles 
of the White Paper as our people have never at 
any time been amply compensated for their skill 
and labour.” It was from the engineers that the 
main challenge to the White Paper came. 

In April, the Confederation of Shipbuilding and 
Engineering Unions, representing more than 2-5 
million members, put forward to the Engineering 
and Allied Employers National Federation a claim 
for a 13s. a week wage increase. Mr. Jack Tanner 
based his arguments on three main grounds, namely, 
that the cost of living had increased by 74 per cent. 
since 1938, while engineers’ wages had risen by 
only 54-5 per cent.; that skilled engineers were 
underpaid in relation to other skilled tradesmen ; 
and, finally, that the increased wages could well be 
met out of the engineering industry’s current profits. 
It is true that there had been no wage increase 
since March, 1946, and that engineers’ minimum 
wages were lower than those obtaining in compar- 
able trades; average wages, however, were much 
higher. According to a Ministry of Labour com- 
parison, the average wage for metal workers (men 
over 21) was 140s. 3d., as compared with 128s. 1d. 
for other industries—87 per cent. higher than 1938, 
or, on the basis of hours worked, 95 per cent. higher. 
It is also indisputable that engineering profits had 
increased considerably over the year; but it was 
misleading to suggest that a wage increase of over 
10 per cent. could be absorbed without any rise in 
prices. Loose interpretations of balance-sheet 
figures tend to neglect the large sums which must 
be put back into industry out of profits for depre- 
ciation and re-equipment. To support the conten- 
tion of increased productivity, some figures were 
produced to show that between January, 1946, and 
December, 1947, productivity had increased by 
22 per cent. The comparison with 1946, however, is 
deceptive, since at that time reconstruction and 
reorganisation for peace-time production would 
necessarily involve low productivity. 

With whatever justification the claim may have 
been advanced, it was flatly rejected by the Engi- 
neering and Allied Employers National Federation. 
That this decision was influenced by a desire to 
provoke a strike to bring down the Government, 
as was contended in some quarters, seems, on the 
evidence, entirely without foundation. When the 
matter was brought before the Industrial Court 
for arbitration, the tribunal were faced with the 
dilemma of upholding the principles of the White 
Paper or provoking serious industrial unrest. The 
award of a flat increase of 5s., given without any 
attempt at a reasoned explanation, was probably 
the best solution in the circumstances, but this 
meant the creation of a precedent and was a 
departure from principle. 
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The Ministry of Labour’s half-yearly review of | position between the alternatives of giving loyal 
earnings unfortunately suffers from a time-lag in| support to Government policy and placating a 
the collection of information, and the last survey, | restless body of workpeople. The result has been 
which relates to April, 1948, gives little indication | a series of unofficial strikes and a flagrant flouting 
of the wage stabilisation policy. The average|of union authority. Faced with these difficulties, 
earnings of six million persons covered in the| it is hard to condemn the Government for failing 
survey (Table IV) show an increase of 114 per cent. | to produce a wages policy, and, in the light of the 
increased defence commitments for 1949, the Chan- 

TABLE IV.—Average Earnings and Hours Worked in | cellor’s contention that manpower is at its fullest 

aon. 1948, htt with October, 1938. stretch may, perhaps, be accepted. 

"Tan ——————= | Figures for industrial disputes as a whole in 

Average | Azemae 1948 show some improvement as compared with 

| Average | Earnings, Average | Workea | 1947, but this is entirely due to the fall in disputes 

weeny | ik. H joe, pe in the coal industry, where, from January to 

ase. ee "| pereen- | in Last |as percen- October, 1948, 460,000 fewer days were lost than 

be <= pe | tage of | Payweek | tage of | in the corresponding period of 1947; thus, for other 

| 3048” | ‘igure: a | “taure | industries, there is even a slight increase in the 

for Oct Oct, oe number of days lost. In the iron and steel and other 

| * |metals group, the increase has been very consider- 

nia ath able, and this despite the fact that, in the teeth of 

naicttien aces a -¢ | | stiff local opposition, the unions were fairly successful 

and quarrying 2 123 46-4 120 in maintaining their authority and preventing 

eee | unofficial strikes over the engineers’ wages claim. 

and quarry pro- | | In other instances, notably that of the dockers’ 

on. Aa Deedes ™_= i. = | 120 | strike in the summer and the Euston railwaymen’s 

..| 112 5 136 | 45-6 142 | Strike in December, they have been less successful. 

— paint, oll, "| a8 5 10 oa |} = Perhaps the most valuable contribution which 

Metals, enginee: the T.U.C. has made to the economic life of the 

and ‘suipbullding 14 fg liz | 42:2 | 228 | nation in 1948 has been in bringing forcibly to the 

Leather, fur, ete. ©_| 105 8 126 43-8 | 141 | attention of the unions the need for higher pro- 

Clothing | ic and 7 130 41:7 | +184 | ductivity. The matter was thoroughly thrashed 

bacco | 99 9 112 45-4 | 128 out at the annual conference at Margate, and, to 

eeen gabe sta- | 123, u7 | 443 | 127 | follow up the general resolutions made there, a 

tionery, ete.” ..| 11111 | 94 | 44-1 | 100 | report on Productivity was published by the General 

=o. contract- es ee gg __ | Councilin November, whichsystematically examined 

Miscellaneous manu- | | and made recommendations on the ways in which 

ee bem igh. eee 44-8 | 161 _ | the unions could contribute to increasing industrial 
Transport, storage, productivity. 

i 127 3 | o | (482 | 97 Separate conferences of each of the federations 
or — ot wat are to be called to examine the problems of the 
Government indus- | = 88 various industries. A start has been made with 

trialestablishments) 119 0 | 69 | 45-5 | 82 | the Confederation of Shipbuilding and Engineering 

Alltheabove ../114 0 | 114 | 45-3 | 120 Unions. At this and other conferences, the points 
aaa : to be discussed include the organisation of national 

TABLE V.—INDUSTRIAL DISPUTES, 1947 AND 1948. 
| January to October, 1947. January to October, 1948. 
‘oop. ere if henies 

. | stoppages.* | Workers.t Days Lost. | Pe. Womens Bags Lent. 
Engineering .. | 63 ; 19,900 | 108,000 | 7 CO 47,500 130,000 
building . 102 | 63,400 | 306,000 | 61 17,300 217,000 

Iron and steel and a | 
other metals 84 | 14,400 | 39,000 85 | 35,700 520,000 
Total all industries | 1,452 | 565,500 | 2,177, 385,000 1,821,000 


000 | 1,529 





* At beginning of period. 


over October, 1938, which compares with an 
increase of 104 per cent. in October, 1947. This 
increase, however, arises more from the extension 
of overtime (for which the introduction of the 
44-hour week has been responsible), and the opera- 
tion of piecework systems, than from increased wage 
rates. These had, in fact, advanced by only 67 to 
68 per cent., compared with October, 1938. Since 
April, however, there has been a steady increase in 
the upward trend. In a reply to a Parliamentary 
question, the Ministry of Labour stated that, 
between the issue of the Economic Survey for 1948 
and the end of August, 1948, increases in wages 
had affected nearly 4-5 million persons and had 
resulted in an aggregate increase of ll. million a 
week. Since August, several claims for wage 
increases have come up for consideration. In 
October, 1948, the Ministry of Labour index of 
wages of all workers stood at 107, as compared with 
100 in June, 1947. 

Nothing more positive than a wages stop has 
been forthcoming from the Government by way of 
a wages policy. .The better distribution of labour 
might be secured by offering wage inducements to 
workers to enter the undermanned industries, but 
this would involve a radical change of outlook by 
the trade unions, whose main raison @étre in the 
past has been their function of collective bargaining. 
This, indeed, had already been seriously under- 
mined by the wages-stop policy, and the trade 





unions have been forced into an uncomfortable 





+ In all stoppages in progress. 


and local industrial conferences to be addressed by 
research scientists and efficiency experts; the 
setting up of courses on training within industry ; 
and consultations among editors of trade-union 
journals on the best methods of publishing the 
material. On the subject of manpower, the report 
refers to the wasteful use of labour through under- 
employment in certain industries, a matter of 
importance to the engineering industry, where 
some sections are still forced to work below capacity 
through shortages of raw materials and others 
find output restricted through shortage of skilled 
labour. It is pointed out that the solution of the 
problem may mean transfer of membership between 
unions ard the adoption of measures not universally 
popular, but it stresses that the difficulty must be 
tackled if maximum production is to be achieved. 
Restrictive practices are examined, and an appeal 
is made to investigate, in the light of full employ- 
ment, the difficulties caused to efficient working by 
demarcation problems. Trades union officials are 
asked to examine the extent to which joint pro- 
duction committees are operating in their industries, 
for it is recognised that these are not being formed 
with enthusiasm over wide sections of industry, 
partly because of the indifference of employees as 
well as the hostility of some employers. 

The need for increased production consultation 
between employers and workers has come very 
much to the fore in 1948. Mr. Jack Tanner, at the 


building and Engineering Unions, put forward the 
resolution that increased production consultation 
is the only solution to the crisis. On their side, the 
Federation of British Industries, as a result of the 
urgent necessity to increase productivity per man- 
hour, have been brought to place special emphasis 
on joint consultation. The Government called upon 
the regional boards, local employment committees 
and personnel management advisers attached to 
the factory inspectorate to assist and promote the 
development of joint machinery, and a special post 
was created at the Ministry of Labour to stimulate 
joint consultation. To what extent workers’ parti- 
cipation in industry is to be welcomed, however, 
requires clear definition. ‘lhe London Committee 
for Workers’ Control, formed during the year, have 
called a conference (among the signatories to the 
letter of convocation being Mr. Tanner), the object 
of which is to consider the principle that controlling 
boards in nationalised industries should be elected 
by the workpeople. The Trades Union Congress at 
the Margate conference explicitly rejected proposals 
for control in nationalised industries, but the 
principle of syndicalism within industry, now dis- 
carded in official Labour Party theory, dies hard. 
Such extreme measures are impracticable, but it is 
important to foster in the employee on the shop 
floor a feeling of individual worth and importance, 
and, at the same time, to reduce resistance to 
technical improvements. The use of joint consulta- 
tion machinery can avoid such awkward incidents 
as the strike at the Austin motor works. The 
workpeople had no objection to the introduction of 
new machinery, but a mistake in rate-fixing occurred 
and the result was a serious loss of output. Had 
the shop stewards taken a proper course of action 
through the appropriate machinery, a stoppage 
might have been avoided. 

Work at top levels by the National Joint Advisory 
Councils, the Regional Boards for Industry and the 
Developments Councils is valuable, but effective 
action can come only from the level of the individual 
establishment. At the worst, joint consultation at 
factory level can take the form of providing a 
platform for the management to explain their policy 
and keep the employees abreast of new develop- 
ments; at the best, it may be a real instrument 
for the discussion of policy and will represent the 
rank and file, the foremen, technicians, small 
management and the board of directors. As far 
as the engineering industry is concerned, Mr. 
Tanner’s strictures on the slowness of the develop- 
ment of joint consultation machinery are unfair. 
Joint consultation in the engineering industry is 
already well advanced—perhaps, farther advanced 
than in any other industry. By the agreement of 
1942, a model constitution for joint production 
committees was formulated. Joint Production 
Consultative and Advisory Committees were set up 
in all establishments with more than 150 employees, 
with the object of facilitating the regular exchange 
of views between the management and workpeople 
on matters relating to the improvement of pro- 
duction and the increase of efficiency, and of making 
recommendations thereon. As a result of the 
approach by the Government to 54 British indus- 
tries in 1948 on the subject of joint consultation, 
four other industries are to adopt model consti- 
tutions which specifically provide for matters 
relating to production, while in other industries the 
form of the joint production machinery, either 
existing or recommended, is left to agreement at 
the establishment level. 

To sum up, it may be said that, in the absence of 
a constructive policy to cure the present mal- 
distribution, labour is at full stretch and that the 
engineering industry may expect no addition to its 
labour force in 1949. . Shortages of skilled labour in 
many branches will be as pronounced as in 1948, 
but operation nearer to capacity should make for 
higher production. The Government have the 
backing of the trades unions in the drive for increased 
productivity, and provided that these can obtain 
the backing of their members, the measures initiated 
in 1948 may bear some fruit in 1949. In the matter 
of wages, being torn between two loyalties, the 
unions are less able to support effectively Govern- 
ment policy, and it is doubtful whether the upward 





annual conference of the Confederation of Ship- 





trend will be halted. 
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GAS-TURBINE LOCOMOTIVES FOR 
BRITISH RAILWAYS. 


GENERAL lay-out drawings and particulars of the 
British-built gas-turbine locomotive, and drawings of 
the Swiss-built gas-turbine locomotive, both now 
under construction for British Railways, have been 
released for publication. They give a general indica- 
tion of the designers’ intentions, although, of course, 
it will not be possible to publish detailed descriptions 
until the locomotives have been completed. The 
locomotive being built by the Metropolitan- Vickers 
Electrical Company, Limited, Manchester, of which 
provisional particulars were given in ENGINEERING, 
vol. 163, page 168 (1947), is shown in elevation and 
plan in Figs. 2 and 3, respectively, on page 36. The 
design prepared by Messrs. Brown, Boveri and Com- 
pany, Limited, Baden, Switzerland, to which brief 
reference was made in ENGINEERING, vol. 162. page 523 
(1946), is shown in elevation and plan in Figs. 4 and 5, 
respectively, also on page 36. Both locomotives were 
ordered by the Great Western Railway Company to 
the requirements of the Chief Mechanical Engineer, 
Mr. F. W. Hawksworth, M.I.Mech.E., but, owing to 
the nationalisation of railways, the Railway Executive 
are now directly interested. The Brown-Boveri loco- 
motive is expected to be delivered in July, next; the 
power unit for the Metropolitan-Vickers locomotive is 
in an advanced stage of construction, and progress has 
been made with the design of the mechanical parts. 

The original conception of the Metropolitan- Vickers 
design has been amended ; in particular, a single-shaft, 
single-turbine arrangement has been adopted instead of 
a two-shaft arrangement with one turbine for driving 
the compressor and another for driving the main 
generator. The original intention was to provide a 
power plant which would require a minimum of new 
design. It was to have been similar to the marine gas 
turbines supplied to the Admiralty, which were them- 
selves based on the firm’s F 2 aircraft jet-propulsion 
units. The application of such a plant to a locomotive 
would have involved some sacrifice in thermal efficiency 
if used without waste-heat recovery, and a heat 
exchanger was therefore to have been provided. As the 
project developed, it became evident that, for reasons 
unconnected with the power plant, the original con- 
struction programme could not be realised, and with the 
approval of Mr. Hawksworth it was decided to proceed 
with the detail design of a new gas turbine which the 
firm had already projected as a standard power plant 
for locomotives, 

The new plant will have several advantages, the 
fundamental one being that the combined thermal 
efficiency of the turbine and compressor without a heat 
exchanger has been raised to that of the earlier design 
with a heat exchanger. It has been possible therefore to 
dispense with a heat exchanger, thereby reducing the 
weight and bulk of the plant. The increase in thermal 
efficiency is due mainly to two factors. In the first 

lace, because the plant is being designed expressly 
or railway traction, it will operate under the most 
favourable conditions ; and, secondly, advantage has 
been taken of recent axial-flow compressor develop- 
ments by Metropolitan-Vickers’ designers to utilise a 
considerably higher compression ratio than that of 
the superseded plant, which was to have been 3-25: 1. 
The reduction in weight has permitted the installation 
of a unit of increased power and transmission equipment 
of higher continuously-rated tractive effort without 
increasing the total weight of the locomotive, notwith- 
standing the substitution of cast iron and steel for 
aluminium alloy in the compressor. The power 
available at the rails will be approximately 2,700 h.p., 
compared with 2,500 h.p. for the original design, and 
the continuous-rating tractive effort will be 29,000 Ib. 
instead of 23,000 lb. Furthermore, the reduction in 
bulk of the plant has improved the lay-out of equipment 
in the body of the locomotive, and has provided a 
passage between the driving cabs, with ease of access 
to the components, as wil! be seen from Figs. 2 and 3. 

As already noted, there is to be only one turbine ; 
it is coupled directly to the compressor, through which 
it also drives the generators. This arrangement is 
desirable for a power plant for locomotives, so that 
dynamic braking can be provided through the traction 
motors, generators and compressor, if necessary. In 
this instance, however, the length and severity of 
gradients are not sufficient to warrant this form of 
braking. The control equipment will permit automatic 
acceleration of the mechanically coupled compressor 
and turbine when increased output is demanded. 

The three main components of the thermal plant 
are an axial-flow compressor, a combustion chamber 
of the flame-tube type, and an axial-flow turbine. As 
in any other form of internal-combustion engine, the 
compression of the working fluid demands much more 
of the work done by the expanding fluid than is available 
as useful output ; in this case, the output is 35 per cent. 
of the power produced by the turbine, the compressor 
absorbing the other 65 per cent. The compressor 
has 15 stages and comprises a cast-iron stator and a 


forged-steel rotor, with stainless-steel blades. The 


turbine has five stages, and has a cast austenitic-steel 
stator and a forged austenitic-steel rotor, the blades 
being of nickel alloy and of austenitic and ferritic 
stainless steels. Each rotor runs in two plain bearings, 
and the adjacent ends are connected by a semi-flexible 
steel coupling. The full-load rotor speed is 7,000 
r.pm. 

The combustion chamber is mounted between the 
compressor outlet and turbine inlet, being supported 
from the stators of these units. It consists of six 
cylindrical flame tubes disposed symmetrically round 
the rotor coupling, with axes parallel to the gas-turbine 
axis. The flame tubes are constructed entirely of steel, 
mainly of the austenitic heat-resisting type, and are 
provided with quickly-detachable joints for ease of 
maintenance. The flame-tube, rather than the annular 
type, of combustion chamber was chosen primarily 
to facilitate access to the coupling and inboard bearings. 
The compressor, turbine and combustion chamber 
are carried as a unit on a bed by fixed and sliding 
supports to allow for expansion. 

e output of the turbine is absorbed in three main 
generators, an auxiliary generator and an exciter, all 
of which run at 1,600 r.p.m. at full load. The drive 
is through a single-reduction gearbox with one central 
single-helical pinion running at 7,000 r.p.m., driving 
two gears arranged with their axes in a horizontal 
plane and running at 1,600 r.p.m. One low-speed 
shaft drives two main generators, and the other drives 


Fig. 1. 
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one main generator and the auxiliary generator and 
exciter. The five electrical machines are built together 
as a unit, and, together with the gearbox, are carried 
on the gas-turbine bed. The complete power unit is 
supported at three points on the locomotive frame, and 
is disposed approximately centrally in the body, with 
a passage way on each side. 

Each main generator supplies power to two axle- 
mounted traction motors which drive their axles 
through torsionally-resilient single-reduction spur 
gears. The auxiliary generator provides power for 
the locomotive auxiliaries, including a storage battery 
which is used for starting the turbine by using the 
main generators as motors. The principal motor- 
driven auxiliaries are pumps for fuel and lubricant, 
a cooling fan for a Jubricant radiator, an air compressor 
and vacuum exhausters for the locomotive and train 
brakes, and forced-ventilation blowers for the traction 
motors. A semi-automatic oil-fired boiler supplies 
steam at 80 lb per square inch, for heating the train. 
Ali air for the gas turbine passes through dry fabric 
filter;panels set in the walls of the machine compartment. 
They will rid the air of all impurities except very fine 
particles, thus extending the periods between blade 
cleaning. 

As Figs. 2 and 3 show, the locomotive is of the 
conventional double-bogie type, with a driving cab 
at each end so that it can be operated equally well in 
each direction. Each bogie has three motor-driven 
axles, so that the total weight of the locomotive is 
utilised for traction purposes. The estimated perform- 
ance is shown by the curves in Fig. 1, on this page, 
which relate horse-power and tractive effort at the 
rails to speed. The rating of the turbine at normal 
temperature and pressure is 3,500 h.p. at 7,000 r.p.m. 
When allowance is made for summer temperatures, 
average altitudes, auxiliary demands and transmission 
losses, the power available at the rails is approximately 
2,700 h.p., varying only slightly over the normal speed 
range, Fiz. 1 shows that the maximum speed is 
90 m.p.h., and the maximum tractive effort is 60,000 Ib. 
Between these extremes the control equipment sets the 
fuel input and regulates the generator and motor-field 
strengths so as to maintain the turbine output steady 
at the value selected by the driver on the master 
controller. 





The estimated train-resistance curves in Fig. 1 








show that a 650-ton passenger train of 18 coaches will 
absorb the full power at over 80 m.p.h. on level track, 
and at about 40 m.p.h. and 25 m.p.h. up gradients of 
1 in 100 and 1 in 50, respectively. Similarly, a freight 
train of 1,000 tons can be hauled up a | in pend 
at 25 m.p.h. to 30 m.p.h., but the power of the loco- 
motive would have to be reduced on level track to 
keep the speed of the train within a safe limit. The 
calculated thermal efficiency of the turbine is about 
20 per cent. at full load and about 16-5 per cent. at 
half load, and the overall efficiency to the rails will 
be about twice that of a modern steam locomotive. 
Gas oil will be the fuel for both the turbine and the 
train-heating boiler. The driver’s controls are very 
simple, comprising a reversing lever and power lever, 
and controls for brakes, sanding gear and other usual 
functions. 

Figs. 4 and 5 show the layout of the Brown-Boveri 
locomotive, but apart from the information obtainable 
from them there is little to add to that given in the 
previous article above referred to. The tractive effort 
at the wheel rims is now stated to be 31,500 Ib. at 
starting up to about 21 m.p.h., and 12,400 Ib. continu- 
ously at about 64 m.p.h. It will be seen that a trac- 
tion motor is coupled to each outer axle of each bogie ; 
thus, the adhesive weight is about 77 tons. As stated 
previously, the continuous net output of the gas 
turbine will be 2,500 h.p., the maximum continuous 
speed will be 90 m.p.h., and the weight in running order 
will be about 115 tons. The chassis, etc., of the loco- 
motive is being built by the Swiss Locomotive and 
Machine Works, Winterthur. The estimated maximum 
weights are 118,000 lb. for the mechanical part, 
70,000 lb. for the thermal part, 53,000 Ib. for the elec- 
trical part, and 17,000 lb. for fuel, water, sand, etc. 
The driving wheels are 4 ft. 0} in. in diameter, and the 
carrying wheels 3 ft. 2 in. in diameter. 





ELECTRICITY TARIFFS IN NORTH 
SCOTLAND. 


Tue North of Scotland Hydro-Electric Board have 
revised the electricity tariffs now in force in that part 
of the country. In the districts which are supplied 
mainly from steam or water power, such as Aberdeen, 
Dundee, Perth and Inverness, most of the rural area 
south and east of the Caledonian Canal, Morar, 
Lochalsh, Easter Ross and East Sutherland, in which 
88 per cent. of the consumers are at present resident, a 
three-part domestic tariff will be available. Under 
this, the first 9-kWh consumed per room per quarter 
will be charged at 53d. per kilowatt-hour, then nine 
times this number of kilowatt-hours will be charged 
at ld. per kilowatt-hour, and all additional kilowatt- 
hours consumed per quarter.at 3d. per kilowatt-hour. 
This means, in effect, that electricity used for lighting 
will be charged at 54d. per kilowatt-hour, that for cook- 
ing at ld., and that for heating and other purposes at 
3d. per kilowatt-hour. In that part of the area which 
is supplied from Diesel plant, such as the Islands and 
some portions of the Western Highlands, the charge 
for the first 9 kWh per room per quarter will be 6d. 
per kilowatt-hour, the charge for any additional 
consumption being as stated above. Compared with 
the charges in 1939, the overall position shows an 
average increase of about 35 per cent. As regards the 
future, if the cost of fuel rises a general revision of the 
average price in an upward direction will be necessary. 
On the other hand, as more water power comes into 
commission, it is hoped that it may be possible to intro- 
duce another and lower step in the block tariff. This 
will encourage consumers to make fuller use of the 
surplus electricity available at times of heavy rainfall. 





INCREASE IN PRICE OF LEAD.—The Minister of Supply 
has issued the Control of Non-Ferrous Metals (No. 34) 
(Copper, Lead and Zinc) Order, 1948, which has raised 
the maximum price of lead by 111. The new maximum 
prices per ton are: good soft pig lead, 123/., and lead of 
the quality known as “‘ English,” 124/.10s. Any inquiries 
regarding the new prices should be addressed to the 
Director of Non-Ferrous Metals, 20, Albert-street, Rugby. 
(Telephone : Rugby 2131.) 





TURNER BROTHERS ASBESTOS FACTORY AT HINDLEY 
GREEN.—Messrs. Turner Brothers Asbestos Company, 
Limited, a subsidiary company of Messrs. Turner and 
Newall, Limited, have announced a reorganisation of 
their production. In order to satisfy the increasing 
qemands for their products, they are erecting a large 
factory at Hindley Green, near Wigan. Here rubber 
conveyor and transmission belting, Balata transmission 
belting and endless “‘ V ”’ belts will be produced, leaving 
the plant at Rochdale free for the development of 
asbestos products. On a site of 100 acres, the factory, 
brilt on one floor, is to occupy an area of 500,000 sq. ft. 
Construction and installation of plant is proceeding, and it 
is anticipated that work in the new factory will commence 
duriug the first six months of the present year. 
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Fie. 11. Rapio-FREQUENCY AMPLIFIERS AND INDUCTORS. 


THE SKELTON SHORT-WAVE 
TRANSMITTING STATION OF THE 
BRITISH BROADCASTING 
CORPORATION. 

(Concluded from page 9.) 


Tue six 120-kW transmitters, supplied by Standard 
Telephones and Cables, Limited, Connaught House, 
Aldwych, London, W.C.2, which are housed in the 
second portion of the Skelton station, were constructed 
during the war and are a modified form of a prototype, 
which had been built to the designs of the British 
Broadcasting Corporation. The main feature of this 
prototype was the way in which the operational 
requirement that short-wave transmitters should be 
capable of being quickly tuned to any one of a number 
of carrier frequencies was met. This tuning varies 
with the time of day or night, the season and the part 
of the world to which the transmission is directed ; 
and it had been customary to effect it by providing a 
single modulator and a single radio-frequency amplifier, 
which was tuned to any desired frequency between 
the programmes. In the prototype, this arrangement 
was replaced by four independent radio-frequency 
amplifiers of a simpler design than was possible with the 
conventional system and by a single modulator, which 
could be connected to any of the amplifiers. This 
enabled changes in wavelength to be made on the 
radio-frequency amplifiers, which were not in use, and 
thus effected a valuable reduction in lost time. A 
view of one of these amplifiers, arranged for trans- 
mission on the 25-m. band, is given in Fig. 11, which 
shows the detachable inductors for tuning them to any 
of the short-wave channels. 

The Skelton equipments are a modification of this 
prototype, in that each transmitter consists of two 
radio-frequency amplifiers and a common modulator. 
These amplifiers can be operated either singly to 
give an output of 120 kW, or simultaneously on two 
different carrier frequencies, which are modulated with 
the same programme by the modulator. When the 
amplifiers are operated in the second manner, the out- 
put is slightly less than the full 120 kW, since they are 
sharing both the modulator and the common power 
supply. It is possible with this system of twin-channel 





Fig. 12. 


cperation, however, to eed some 840 kW of carrier | 
power into 12 aerials at different frequencies with six | 
different programmes. Fig. 13, opposite, shows one of | 
these twin-channel transmitters as seen from the side 
where the low-power radio-frequency and audio-fre- 
quency exciters are placed. There are two rectifier 
units from which the supply for the radio-frequency 
exciters is derived. Each of these rectifiers is supplied 
with carrier frequency at low level from the central 
drive room and has an output of about 1-5 kW of 
carrier power. Only one low-frequency exciter is 
necessary for feeding the modulator and its anode can 
be supplied from either rectifier by suitably adjusting 
key interlocked isolator switches. This arrangement 
enables access to be obtained to the rectifier and radio- 
frequency exciter which are not in use when single- 
channel working is being employed. The monitoring 
test bay, which enables quality checks to be made 
separately on each radio-frequency channel and on the 
modulator, is visible on the right of Fig. 13. The 
output of the audio-frequency and radio-frequency 
exciters are fed to the high-power water-cooled valve 
amplifier stages through concentric transmission lines. 

Fig. 12 illustrates the interior of the modulator-valve 
compartment. This compartment, together with the 
two radio amplifiers illustrated in Fig. 11, form the 
principal portion of the transmitter, the front panels of 
which can be seen through the window of the operator’s 
contro] cubicle in Fig. 1, on page 8, ante. The modu- 
lation transformer, feed reactor and _ high-tension 
smoothing equipment are housed in the space behind 
the back wall of the transmitter, while below it, in the 
basement, is an interlocked high-tension enclosure 
containing the porcelain insulating coils through which 
cooling water is supplied to the high-power valves. 
The filaments of the amplifiers are supplied from three 
identical motor-generators, which have a direct-current 
output of 1,500 amperes at 30 volts and are indepen- 
dently controlled. Complete protection and easy 
switching for twin-channel operation are provided by 
equipping the modulator and each radio-frequency 
amplifier with a combined hand-operated high-tension 
switch and interlocked door control. The protective 
circuit is then completed by closing any switch and 





its associated door control, thus enabling a high-tension 
supply to be given to the locked compartment and 
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INTERIOR OF MopuLaToR UNIT. 


permitting safe entry to any unlocked compartment. 


| The change from single- to twin-channel operation, and 


vice versa, can be effected in a few seconds by operating 
the appropriate switch, after the high-tension supply 
to the anode has been momentarily interrupted. 

The radio-frequency amplifiers are notable for 
employing, for the first time, the largest available 
water-cooled valve in a “ grounded-grid” circuit. 
This valve has a peak emission of over 100 amperes 
and is capable of an anode dissipation of 160 kW. It is 
claimed that this method of valve operation at radio 
frequencies has the advantages of simplicity and stabi- 
lity and that these advantages become more noticeable 
as the frequency and power are increased. Compared 
with the conventional balanced push-pull circuit, 
in which the filament is at earth potential, the employ- 
ment of an earthed grid, however, gives rise to two 
problems for the designer. In the first place, the 
potential of the filament circuit is increased to some 
3,000 volts above earth at radio frequency ; and in the 
second, radio-frequency power from the driving stage 
is passed to the aerial. As, however, the filament- 
heating leads have to carry 600 amperes and must there- 
fore be of heavy cross section, their impedance to 
currents at radio-frequency is high. Their formation 
into a transmission line is consequently a simple and 
inexpensive solution to the first problem. The modula- 
tion of the penultimate, as well as of the final, radio- 
frequency stages allows the power transmitted to be 
usefully employed, thus increasing the output of the 
transmitter by some 20 kW. 

Each radio-frequency amplifier compartment contains 
arrangements for mounting the two water-cooled 
tetrodes, which form the penultimate stage, and the two 
water-cooled triodes, which comprise the final amplifier. 
The necessary wave bands are covered by the use of 
detachable inductors of 3 in. copper tube, which can 
be arranged to give inductances of a number of different 
values. Extra capacitance, when required, is provided 
by vacuum capacitors. The anodes in both stages of 
amplification are supplied with modulated direct 
current, which is obtained through a hand-operated 
off-load switch from the modulated high-tension ’bus 
bars. Inductive coupling to the transmission line, 
which can be varied down to zero, is provided by 
mounting the secondary coupling circuit on a trolley, 
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14. 500-KW Warer-CooLep REcTIFIER. 


This can be moved by hand when under power, thus | 30 and 10,000 cycles per second. The performance is 
allowing adjustments to be made to compensate| improved by applying negative feed-back from the 


irregularities in the transmission line. 
output can also be divided, equally or unequally, 


The power | output of the modulator to the input valve. 


The rectifier equipment, from which high-tension 


between the radio-frequency amplifiers during twin- | direct current is supplied to the transmitters in this 


channe! operation. 


The 100 per cent. modulatiun of the amplitude of the | 


output of these radio-frequency amplifiers necessitates 
the generation of 100 kW of radio-frequency power ‘at 
a peak voltage of 11 kV. To obtain this from the few 
milliwatts which are available from the incoming 
programme circuits, a series of Class A voltage ampli- 
fying stages terminating in a Class B amplifier are used, 
as well as a modulation transformer, which provides the 
coupling to the anode circuit of the radio-frequency 
amplifiers. With this method, direct current to 
alternating current conversion efficiencies as high as 
58 per cent. can be obtained at 100 per cent. modulation. 
As the total power from the mains also varies with the 
programme volume, economy in operation is obtained. 

The valves in both the penultimate and final stages 
of the modulator are visible in Fig. 12. Both sets 
are water-cooled and the four in the final stage each 
have an output of 80 kW and can be switched separ- 
ately into circuit. Flexibility is thus obtained, while 
filament-heating power is saved when two valves are 
sufficient to provide the required output. The inter- 
stage and modulation transformers used in these 
amplifiers were designed and manufactured by Messrs. 
Ferranti Limited, Hollinwood, Lancashire, and have 
a practically constant frequency response between 








part of the station, was constructed by the British 
Thomson-Houston Company, Limited, Rugby. Each 
unit consists of a 500-kW transformer, the primary 
side of which is supplied with three-phase current at 
10-5 kV. while the secondary side is six-phase double- 
star connected with an interphase and is provided with 
off-load tappings to give + 5, 10 and 15 per cent. 
adjustment of the normal direct-current voltage. 
Variations of the alternating-current voltage are 
compensated on the primary side by additional + 3 
and + 6 per cent. tappings. The rectifiers, which have 
continuously evacuated water-cooled tanks, are 
provided with grids, the control circuits of which 
include a high-speed relay which interrupts the current 
if a direct-current short-circuit or backfire occurs. The 
grids also enable the output voltage to be controlled 
down to zero for starting purposes or during short test 
periods. Finally, they permit automatic restoration 
of the voltage to normal in about one second after the 
high-speed relay has tripped owing to a fault. Except 
for the high-speed relay, this control gear is wholly 
static, its operation depending upon the variation of 
the saturating current, which is fed to a system of 
special chokes. A photograph of the interior of the 
rectifier enclosure is reproduced in Fig. 14. 

All the apparatus which is at a high direct-current 


voltage to earth is installed in a cubicle on insulators, 
the control circuits and apparatus at earth potentials 
being mounted on the screen of the rectifier enclosure. 
Interconnections between the high-voltage and low- 
voltage auxiliary circuits are made through a single 
insulating transformer, while instruments at high 
direct-current voltages are mounted on the high- 
voltage cubicle and are visible through a window in the 
‘screen. The rectifier equipment can be started and 
stopped and its direct-current voltage raised or lowered 
by push buttons on the transmitter control desk, as well 
as locally on the front screen. All the other controls 
are automatic. In accordance with the general 
practice of the Corporation, the door to the rectifier 
enclosure is mechanically locked with safety switches, 
so that all the high-voltage circuits are isolated and 
earthed. 

The remainder of the auxiliary equipment in this 
part of the station, as well as the connections to the 
aerial-switching tower and thence to the aerials, is 
similar to that already described. 





THE NELSON SYSTEM OF ELECTRIC 
STUD WELDING. 


As is well known, considerable time and cost can often 
be saved by using electric welding to fix steel studs, 
pins and other similar parts to plates, girders, bars, 
or tubes. In principle, the method employed is to 
strike an arc between the foot of the stud and the base 
metal. The temperature of the foot is thus raised to 
melting point and a molten pool is also formed on the 
metal. ‘The arc is then extinguished and the hot stud 
| is forced into the pool thus forming the weld. Among 
| the methods devised for carrying out these operations 
| is that due to the Nelson Stud Welding Service, which 
| has now been taken over by Messrs. Crompton Parkin- 

son, Limited, Crompton House, Aldwych, London, 
|W.C.2. The equipment used consists of a gun, 
comprising a solenoid which is moulded solidly into 
a Bakelite body. This solenoid, when energised 
| with direct current, at from 60 to 90 volts, from a 
| welding generator, acts on a sliding plunger to which a 
|chuck carrying the stud is fixed. The gun, which 
| weighs only 5 lb., is designed for welding studs and pins 
| from No. 10 S.W.G. to } in. in diameter, and is specially 
| arranged for use in confined spaces. It can be employed 
|either as a hand tool or be mounted in a fixture for 
repetition work. The welding cycle is controlled 
| automatically by a timer, which is also operated by 
direct current and is contained in a portable case. 

| To make a weld, the operator inserts a stud into a 
chuck of the appropriate size and slips a ceramic 
| ferrule, which is retained by steel fingers, over the end. 
| The stud is then located on the base metal and pressed 
|down against a spring to ensure good contact. In 
|most cases the location is effected by a single leg 
| with an adjustable foot, which can be fitted with 
| extensions, jigs and adapters for non-standard studs. 
Where, however, it is desirable that the operator 
should only have to locate the stud, three legs are 
provided to ensure that it will be perpendicular to the 
plate. When contact has been made, a small current 
is passed through a resistance, which shunts the 
open main contactor, so that any scale or dirt is 
burnt away. This ensures that the arc will strike 
when the stud is lifted from the plate. The fact that 
the contact is good enough for this purpose is indicated 
by a neon lamp on the pistol grip of the gun. This 
indicator is said to be particularly useful where the 
stud is being located through a hole and cannot be 
located visually. After the gun has been placed in 
position, the operator presses a button thus closing the 
main contactor and energising the solenoid with the full 
current. The stud is then lifted and the arc struck. 
After an interval, pre-determined by a relay in the 
timer, the main contactor is opened and the arc extin- 
guished. It is thus impossible for the selected weld 
time to be varied. 

The use of the ceramic ferrule ensures that atmos- 
pheric impurities are excluded from the weld. It is 
also designed to contain the gas generated during the 
weld and to expel it through vents in such a way that 
dust and scale are removed from the molten metal. 
When the welding conditions are correct, the ferrule 
also locates the molten metal round the stud so that it 
appears as an almost symmetrical fillet. In fact, any 
pronounced divergence from this shape may indicate 
an unsatisfactory weld. The fillet adds to the mech- 
anical strength of the weld, but it can, if necessary, 
be removed without any serious effect. To ensure 
a good weld only studs of the correct composition must 
be used. It is also necessary, in the case of the larger 
studs, to employ a fluxing powder, which de-oxidises 
the weld, stabilises the arc and anneals the metal. 
This flux is inserted through a hole in the end of the 
stud and is sealed off by a cap, so that it does not deteri- 
orate during storage. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ ANDULO.”—Single-screw cargo liner, carrying 
ten passengers, built by Messrs. Bartram and Son, 
Limited, Sunderland, for the Sociedade Geral de Com- 
mercio, Industria e Transportes, Ltda., Lisbon. Main 
dimensions: 444 ft. by 58 ft. 9 in. by 37 ft. 8 in. to upper 
deck; deadweight capacity, 9,100 tons on a draught of 
26 ft. 1 in. Four-cylinder N.E.M.-Doxford opposed- 
piston reversible oil engine, developing 4,250 b.h.p., 
constructed by the North Eastern Marine Engineering 
Company (1938), Limited, Wallsend-on-Tyne. Service 
speed, about 13? knots. Launch, December 16. 


M.S. “ ELYSABETH THERESE.”—Single-screw trawler, 
built and engined by Chantiers et Ateliers Augustin 
Normand, Le Havre, France, for the Société de Péche 
“Les Doris,’’ Boulogne-sur-Mer, France. Main dimen- 
sions: 105 ft. (between perpendiculars) by 23 ft. by 
13 ft. 3 in.; fishroom capacity, 4,767 cub. ft. Penhodt- 
Normand-M.A.N. Diesel engine, to give a speed of 104 
knots. Launch, December 18. 


S.SS. “Srar VI” and “ Srar VII.”—Single-screw 
whale catchers, with specially strengthened hulls for 
work in ice, built and engined by Messrs. Hall, Russell 
and Company, Limited, Aberdeen, for Hvalfanger A/S 
** Rosshavet,”” Sandefjord, Norway. Main dimensions : 
169 ft. by 29 ft. 6 in. by 18 ft.; gross tonnages, 588. 
Four-cylinder four-crank double compound Fredriksstad 
engines developing 2,300 i.h.p. Two oil-burning water 
tube boilers for each vessel, constructed by Messrs. 
Foster Wheeler Corporation, New York. Trial trips, 
“* Star VI” December 19, and “‘ Star VII ’”’ December 21. 


M.S. “ BRITISH PROGREsS.”—S'‘ngle-screw oil tanker, 
built by the Blythswood Shipbuilding Company, Limited, 
Scotstoun, Glasgow, for the British Tanker Company, 
Limited, London, E.C.2. Main dimensions: 463 ft. 
(between perpendiculars) by 61 ft. 6 in. by 34 ft.; dead- 
weight capacity, about 12,500 tons. Six-cylinder four- 
stroke single-acting Burmeister and Wain Diesel engine, 
supplied by Messrs. John G. Kincaid and Company, 
Limited, Greenock, developing about 3,200 b.h.p. and 
two oil-burninz boilers. Speed on loaded trials 12 knots 
in bad weather. Trial trip, December 28. 


S.S. “Crry or Perts.”—Single-screw cargo liner, 
carrying 12 passengers, built by The Caledon Shipbuilding 
and Engineering Company, Limited, Dundee, for Messrs. 
Ellerman Lines, Limited, London, E.C.3. Main dimen- 
sions: 484 ft. by 61 ft. 6in. by 41 ft. 9 in. to shelter deck ; 
deadweight capacity, about 10,000 tons on a draught of 
28 ft.6in. Single-reduction geared turbines developing 
7,920 s.h.p. maximum supplied by The Parsons Marine 
Steam Turbine Company, Limited, Wallsend-on-Tyne, 
and two oil-burning water-tube boilers supplied by 
Messrs. Babcock and Wilcox, Limited, London, E.C.4. 
Speed, 16 knots. Launch, December 29. 

M.S. “‘ COROMANDEL.”’—Single-screw cargo liner, carry- 
ing 12 pass-ngers, built and engined by Messrs. Barclay, 
Curle and Company, Limited, Gasgow, for the Peninsular 
and Oriental Steam Navigation Company, London, E.C.3. 
Main dimensions: 485 ft. by 62 ft. 6 in. by 40 ft. 9 in. to 
shelter deck ; gross tonnage, 9,000. Six-cylinder opposed- 
piston Barclay Curle-Doxford oil engines to develop 
6,800 b.b.p. on service. Launch, December 29. 

S.S. “‘ STRATIDORE.”—Single-screw cargo vessel built 
and engined by Messrs. William Gray and Company, 
Limited, West Hartlepool, for Messrs. Maritime Shipping 
and Trading Company, Limited, London, E.C.2. Main 
dimensions: 406 ft. (between perpendiculars) by 56 ft. 
by 36 ft. 44 in. to shelter deck; deadweight capacity, 
about 8,300 tons on a draught of 25 ft. Triple-expansion 
engines and two oil-fired boilers, to develop a service 
speed of 104 knots. Launch, December 30. 








CONTRACT. 


Messrs. THE WELLMAN SMITH OWEN ENGINEERING 
CORPORATION LIMITED, Parnell House, Wilton-road, 
London, 8.W.1, have received an order from Messrs. 
John Summers and Sons, Limited, Shotton, Chester, for 
two 250-ton and two 125-ton heavy-duty ladle cranes 
having a span of 78 ft., for their new steel plant. The 
250-ton cranes will operate in the casting bay and the 
150-ton cranes in the furnace bay. The Wellman Cor- 
poration have recently constructed an electric overhead 
travelling crane having a rated lifting capacity of 350 
tons, but designed for occasional loads of 400 tons. 





INSTITUTION OF WORKS MANAGERS Essay COMPETI- 
TION.—It has been announced that the subject for the 
Institution of Works Managers essay competition is to 
be “The Selection and Training of Foremen.” The 
essays, which must be of about 2,000 words, will be 
assessed in two grades, senior and junior. Intending 
applicants should apply for further particulars to the 
secretary of the Institution, 67-8, Chandos-place, London, 
W.C.2, by January 31, 1949. Essays must be submitted 
by April 30, 1949. 





BOOKS RECEIVED. 


Whites of Cowes Shipbuilders. J. Samuel White and 
Company, Limited, Cowes, Isle of Wight. 

The M.M. Year Book, 1949. .A Comprehensive Guide to 
Sources of Supply of New and Second-Hand Machinery 
of British and Foreign Origin. The Machinery Market 
Limited, 146a, Queen Victoria-street, London, E.C.4. 
[Price 9s. net.) 

F.B.I. Register of British Manufacturers, 1948-49, 
Twenty-first edition. Published for the Federation of 
British Industries, 21, Tothill-street, London, 8.W.1, 
by Kelly’s Directories Limited, 186, Strand, London, 
W.C.2, and Iliffe and Sons, Limited, Dorset House, 
Stamford-street, London 8,E.1. [Price 42s. net.] 

United States National Bureau of Standards. Circular 
No. 470. Precision Resistors and Their Measurement. 
By James L. THomas. [Price 20 cents.] Circular No. 
473. Measurement of Radioactive Isotopes. By 
LEON F. Curtiss. [Price 5 cents.] Superintendent of 
Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C., U.S.A. 

Twenty-Five Years. A Record of the Origin, Progress and 
Achievements of the Electricity Supply Commission, 
Union of South Africa, 1923-1948. The Secretary, 
Electricity Supply Commission, Escom House, Johan- 
nesburg, South Africa. 

British Columbia Department of Mines. Bulletin No. 25. 
The Squaw Creek—Rainy Hollow Area. Northern British 
Columbia. By K. DEP. Watson. British Columbia 
Department of Mines, Victoria, B.C. 

Melbourne and Metropolitan Tramways Board Report and 
Statement of Accounts for the Year Ended 30th June, 
1948. Offices of the Board, 616-622, Little Collins- 
street, Melbourne. 

The British Chamber of C ce, France. Year Book, 
1948. Offices of the Chamber, 6, Rue Halévy, Paris 
(TXe). 

The College of Aeronautics, Cranfield. Report No. 20. 

Skin Friction in the Laminar Boundary Layer in Com- 

pressible Flow. By A.D. Youne. The Librarian, The 

College of Aeronautics, Cranfield, Buckinghamshire. 

(Strictly limited issue ; copies free to approved firms, 

Institutions and official bodies.) 

Zehnteilige Hinflusslinien fiir durchlaufende Trdger. 

Volume II. Sixth revised edition. Wilhelm Ernst und 

Sohn, Hoh lierndamm, 169, Berlin-Wilmersdorf, 

Germany. [Price 15-80 DM., including postage.) 

Instituto de la Soldadura. Publication No. 4. El Trans- 

porte de Material, la Temperatura y la Estabilidad en el 

Arco Electrico de Soldadura. By J. C. NEEDHAM. 

Instituto de la Soldadura, Goya 58, Madrid. 

Research and Scholarship in the University of Sydney. A 

Short Record of Original Work Done During 1944 and 

1945. The Librarian, Fisher Library, University of 

Sydney, Sydney, Australia. 

Mechanics. By PROFESSOR JOHN W. BRENEMAN. Second 
edition. McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
2-50 dols.]) McGraw-Hill Publishing Company 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 15s.] 

The Steam Boiler Yearbook and Manual. Fourth issue. 
Editor: SypNEY D. Scorer. Paul Elek Publishers 
Limited, 38, Hatton-garden, London, E.C.1. [Price 
30s. net.) 

The Road Makers’ Library. Volume 1. Road Making 
and Administration. Second edition. By Dr. Percy 
EDWIN SPIELMANN and ERNEST JOHN ELFORD. 
[Price 40s. net.) Volume 9. Highway Surveying and 
Setting Out. By B. G. Manton. [Price 28s. net.] 
Edward Arnold and Company, 41 and 43, Maddox- 
street, London, W.1. 

** Mechanical World ”’ Monographs. No. 43. .A Practical 

Application of Standard Costs. By F. R. Goopry. 

Emmott and Company, Limited, 31, King-street West, 

Manchester, 3. [Price 2s. 6d. net.] 

Rand Water Board. Forty-Third Annual Report for the 

Year Ended 31st March, 1948. The Secretary, Rand 

Water Board, 3, Fraser-street, Johannesburg, South 

Africa. [Available to approved applicants.] 

Physical Aspects of Colour. An Introduction to the 

Scientific Study of Colour Stimuli and Colour Sensations. 

By Dr. P. J. Bouma. Published by Philips Technical 

Library and distributed by Cleaver-Hume Press, 

Limited, 42a, South Audley-street, London, W.1. 

[Price 30s.] 

United States National Bureau of Standards. Circular 

No. 460. Publications of the National Bureau of 

Standards, 1901 to June 30, 1947. Superintendent of 

Documents, U.S. Government Printing Office, Wash- 

ington 25, D.C., U.S.A. [Price 75 cents.] 

Refrigeration Note Book. By A. E. Mituer. Leonard 

Hill Limited, 17, Stratford-place, London, W.1. 

[Price 10s.] 

United States Department of the Army. Mississippi River 

Commission. Stages and Discharges, Mississippi River, 

and Its Outlets and Tributaries, 1945. Released in 

July, 1948. Office of the President, Mississippi River 











Commission, Vicksburg, Mississippi, U.S.A. [Price 


PERSONAL. 


Sm JoHN S. BUCHANAN, C.B.E., Wh.Sc., F.R.Ae.S., 
has joined the board of Dualloys Limited, Boden Works, 
Chard, Somerset. 

Mr. WILLIAM LEON who has been chairman of Mount - 
stuart Dry Docks Limited, and their associated com-+ 
panies, the Cardiff Channel Dry Docks and Pontoon 
Company, Limited, and the Barry Graving Dock ani 
Engineering Company, Limited, since 1941, retired as 
from December 31, 1948, but is remaining on the board. 
Str WILLIE REARDON-SMITH, Bt., who is vice-chairman, 
becomes chairman and Sm LLEWELLYN SOUISBy, 
vice-chairman. Mr. Davip SKAE, formerly repairs 
manager and local director of Cammell Laird and Com- 
pany Limited, Birkenhead, has been elected to the board 
and appointed managing director in succession to the 
late Mr. F. E. SHIRLEY-BEAvAN. Mr. J. H. EVANS 
continues as general manager. 


Mr. J. F. Perry has been appointed managing director 
and Mr. F. J. E. TEARLE, general manager, of the Metro- 
politan-Vickers Electrical Export Company, Limited. 

Dr. F. A. Fox has relinquished his appointment as 
deputy director of the British Welding Research Asso- 
ciation and is joining Messrs. H J. Enthoven and Sons, 
Limited, as deputy technical manager. His new address 
will be 15, Lime-street, London, E.C.3. 


"MR. JouN Dovatas, M.I.C.E., M.I.Mech.E., M.1.E.E., 
is relinquishing his position as technical engineer in the 
Directorate of Disposals (R.E.), Ministry of Supply, as 
from to-morrow, January 15. 


Mr. R. C. Dawson has joined the London and the 
South territorial office of the English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, to 
take charge of industrial-motor sales in the area. The 
publicity department London of the English Electric 
Company has been moved to 24-30, Gillingham-street, 
S.W.1. (Telephone: VICtoria 9671.) 


Mr. R. U. Barey has relinquished his position as 
Birmingham-office manager of Brown, Bayley’s Steel 
Works Limited, Sheffield, 9, after holding it for 30 years. 
His successor is Mr. E. W. Fipp1an. Mr. P. H. HUGHES 
is continuing in office and Mr. ARTHUR HEWER has been 
appointed to the area. CaApTaIN M. K. F. SAUNDERS has 
relinquished his post as the firm’s London-office manager 
and has been succeeded by Mr. H. E. CLarkK with Mr. 
J. W. Procror and Mr. 8S. Warts continuing as chief 
assistants. Mr. H. E. Scorr is retiring from the position 
of the company’s Sheffield representative and is succeeded 
by Mr. PHiLtie Kemp. 


A new company, METRO-CUTAN LiwirepD, 42, Pall 
Mall, London, S.W.1, has been reg stered to take over 
and combine the production of the Warrington Works of 
METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, 
with the technical and commercial activities at present 
carried out by Curanir Limirep and by COMPOUND 
ELEcTRO-METAIS LIMITED. Mnr. I. R. Cox, D.S.O., is 
chairman of the new company. The main distributors 
for the carbide products of the new company are MESSRS. 
W. Jessop AND Sons, Lim1TeD, Sheffield. 


THE BRITISH CORPORATION REGISTER OF SHIPPING 
AND AIRCRAFT announce that in consequence of the 
termination of their agreement with the American 
Bureau, on January 12, they are now to be represented 
at ports on the United States seaboards, and in Japan, 
by surveyors to Lloyd’s Register of Shipping, to whom 
applications for services should be made. 

THE ViczoL Or Company LiMiTED, 113, Park-street, 
London, W.1, announce the formation of an industrial 
lubricants department, the chief engineer of which is to 
be Mr. I. C. DE MARTONFALVY. 

An agreement has been concluded between MESSRS. 
W. H. ALLEN, SON AND COMPANY, LIMITED, of Bedford, 
and the BRISTOL AEROPLANE COMPANY, LIMITED, for 
collaboration on the application of gas turbines for marine 
auxiliary purposes and in the industrial field, and for the 
exchange of information on aeronautical and industrial 
turbine problems. 


HENRY SIMON LIMITED, Stockport, announce that their 
conveying department has been incorporated as a new 
trading company, SIMON HANDLING ENGINEERS LIMITED, 
to carry on their business as mechanical and pneumatic 
handling engineers under the managing directorship of 
Mr. I. Hey, M.Sc.Tech., M.I.Mech.E. Their business 
as flour and provender milling engineers and makers 
of soap machinery continues to be called HENRY SIMON 
LimiTeD, and both trading companies are owned and 
guaranteed by the parent company, HENRY SIMON 
(Hotpines) Luwrrep. The reorganisation involves no 
change in general policy and management. 


The Director and staff of the MECHANICAL ENGI- 
NEERING RESEARCH ORGANISATION, DEPARTMENT OF 
SCIENTIFIC AND INDUSTRIAL RESEARCH, will move into 
new offices at Rex House, 4-12, Regent-street, London, 
S.W.1, on Monday, January 17. (Telegraphic address : 
Resciendus, Piccy, London. Telephone: WHitehall 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—Following extensive overhauls of plant 
and machinery and repairs to furnaces last week, gas 
was introduced at most of the melting shops at the week- 
end in time for a re-start on Monday. In at least one 
large works, however, the nature of the repairs and over- 
hauls entailed a delay of 24 hours. With regard to 
production prospects, there is a feeling that last year’s 
total might be reached, and perhaps slightly exceeded, 
in 1949 provided that the supply of raw materials is 
assured. So far as orders are concerned there can be 
little doubt that 1949 will be a record-breaking year. 
The large steel-consuming industries have an average 
of about three years’ work on hand, and further contracts 
are only awaiting more favourable delivery dates. As a 
sequel to approaches made to the authorities by the 
Scottish Regional Board for Industry, following numerous 
complaints from the shipbuilding industry, direct talks 
were arranged between the Admiralty and Scottish ship- 
builders regarding steel allocations and deliveries to the 
yards. In the first quarter of the year, the important 
wagon-building establishments here are to participate 
in a special drive for a record number of wagons. 


Scottish Coal.—A fairly general restart was made at 
the pits last week, but outputs were restricted at the 
outset while the usual “‘ redding ”’ up of falls in the roads 
and faces was completed, and haulage “‘ stiffness ” eased. 
Production in the last week of 1948 was estimated at 
361,000 tons, which, together with the total of 23,419,000 
tons to December 25, gave an aggregate of 23,780,000 
tons for the year, an increase of 802,000 tons on 1947, 
but less by 1,220,000 tons than the target of 25,000,000 
tons. Only in December was the standard output 
attained, and then largely because of six-shift working, 
although a slight improvement in individual effort was 
also t. The i in output, however, proved 
timely, and secured a fairly satisfactory level of supplies 
for most classes of consumer. For a period, full domestic 
supplies were maintained, and gasworks and railways 
were also provided with sufficient coal for the holidays. 
Electric power-stations were comfortably supplied, as 
were industrial consumers generally; the provision 
made for coke-ovens was also adequate. Nevertheless, 
margins in general, were not high by pre-1939 standards, 
and recent cold weather underlined the low consumption 
level which had been maintained early this winter. 
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NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—Some important business has 
been booked for Welsh coals for delivery during this 
year. Orders already placed for France provide for a 
trade on the basis of 60,000 tons a month. Portuguese 
consumers have entered into commitments for the supply 
of about 400,000 tons during 1949, while further large 
scale orders are expected from this trade since the rail- 
ways, so far, have only covered their requirements over 
the first quarter of the year. Under the terms of the 
renewed trade agreement with the Argentine, South 
Wales will ship about 500,000 tons of coal this year to 
that market. Orders have been received also for the 
supply of anthracite descriptions to Belgium and Holland, 
while business for these descriptions is expected from 
Switzerland. Trading conditions remain slow in the 
case of Spain and Italy. In his New Year message, Mr. 
G. E. Aeron-Thomas, chairman of the South Western 
Divisional Coal Board, referred to development plans for 
the South Wales coalfield which are likely to be brought 
into operation during the year. Two of the develop- 
ments he referred to are understood to be at Cwm 
Colliery, Llantwit Vardre, and in the Mardy district of 
the Rhondda Fach. Here large modern collieries are 
projected. A number of collieries in the division have 
been, or are being, fitted out to take their part in the 
recovery programme. First indications of that recovery 
are to be seen in increased output per man-shift at several 
collieries, and in the fact that the total output of saleable 
coal in the division in 1948, at 23,700,000 tons, was 
1,100,000 tons more than in 1947. Trading has remained 
difficult on the steam-coal market where supplies are 
scarce. Practically the whole of the present outputs are 
being absorbed by deliveries being made under existing 
bookings and salesmen have little coal to offer during 
the next month or so. The requirements of the principal 
home consumers are still very heavy and order books, 
generally, are well filled ahead. Cokes and patent fuel 
are in sustained demand and are not easily obtained. 

Swansea Steel-Sheet Indusiry.—The market report 
issued by the Incorporated Swansea Exchange states 
that by the beginning of last week the tin-plate industry 
had settled down after the holiday break. A fair volume 
of business has been transacted for the current quarter ; 
the export market, too, is more active than it has been 
for some time and a satisfactory number of orders has 
been booked. Steel sheets continue to be in great 
request and any increase in the production would be 
welcomed. Iren and steel scrap is still in urgent demand. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—North-East Coast iron and steel 
manufacturers seem to be assured of full activity in 
their plants for many months to come. Orders in hand 
are numerous and heavy, and claims for delivery against 
running contracts are greater than producers can cope 
with. The prospective demand has soared to an unpre- 
cedented level. The extended New Year holiday at 
the works has enabled much needed attention to be 
given to repairs of plant that had been kept in full 
operation for many months. Doubtless this will exercise 
a favourable influence on production, but there seems no 
likelihood of the output overtaking the demand in the 
near future. Last year, Tees-side firms supplied more 
tonnage than ever before and they hope to reach a new 
record production this year. Raw materials are in 
fairly good supply and deliveries of fuel, local ironstone 
and imported iron ores are expected to be increased. 
There is now a steady and substantial flow of iron and 
steel scrap to users, but requirements are enormous. 


Foundry and Basic Iron.—The scarcity of ordinary 
foundry pig iron is still acute. Consumers in the Tees-side 
area are entirely dependent on supplies from producing 
centres at a distance. The occasional small make of 
special Cleveland foundry pig is readily taken up. The 
whole of the basic-iron output is retained for the require- 
ments of the producers’ own steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite continues in short supply. Five Tees-side 
furnaces are in full blast, but their total tonnage output 
is insufficient for the requirements of customers of long 
standing. The available tonnage of iron, low in phos- 
phorus, is readily accepted. Refined-iron makers are able 
to deal satisfactorily with the demands of regular buyers. 

Manufactured Iron and Steel.—Semi-finished and 
finished -iron manufacturers have satisfactory bookings 
and good inquiries are cir All br hes of the 
steel industry are expected to be very active during the 
first half of the year. Steel semies are becoming less 
scarce but the demand for small billets and sheet bars is 
still greater than sellers can meet. There is no reduction 
in the heavy demand for all classes of finished steel, both 
for home purposes and for export. Sheet makers are 
too extensively sold to entertain offers of new business. 
Shipbuilders could turn out more work if they could 
secure larger supplies while producers of railway and 
colliery equipment have well-filled order books. 


lating. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—Production of local brands of pig-iron 
is rising again after the holidays, and there are fairly good 
deliveries of iron and steel scrap for re-melting ; but more 
scrap materials are needed at the sorting yards which 
are understood to be deriving benefit from the national 
collection scheme. Fuel shortages are a paramount 
worry to Sheffield industry, notably in the case of gas 
supplies. Although the enforced economies in the use 
of gas are regarded as a maximum disability the situa- 
tion has been made worse by excessive consumption of 
gas by domestic users, an increase of 25 per cent. being 
disclosed by the Sheffield and District Gas Company. 
This has meant further serious inconvenience to many 
branches of industry, including melting and heat- treat- 
ment furnaces, and the tool and cutlery trades. The 
most fortunate have been those firms who, many months 
ago, converted melting furnaces and some engineering 
sections from coal and gas to oil fuel. The works of the 
United Steel Companies, Sheffield, produced last year 
1,978,000 tons of steel, nearly a quarter-of-a-million tons 
more than in any previous year, exceeding their target 
by 127,000 tons. The Steel Peech and Tozer branch 
produced 80,000 tons more than in any previous year, 
but were 348 tons short of their target. The Samuel 
Fox branch made more than their previous record by 
20,000 tons, but were 4,000 tons short of the target. 
Appleby-Frodingham Works, set to produce 815,000 tons, 
achieved 829,000 tons, nearly 100,000 tons more than 1942. 


South Yorkshire Coal Trade.—The demand for coal is 
greater. Stocks at users’ works and at depots are lower 
than they were a year ago and special efforts are being 
made to build them up again. There is a shortage of 
gas coal, which is needed to keep the producer plants 
fully employed and to supplement the supplies of coke- 
oven gas depleted by the necessity to work slow heats 
at many of the coke-works during the holiday period. 
Railway 1 tive depots are pressing for fuller 
deliveries of hards. The heavy industries also are 
needing supplies. Fairly good dispatches are being made 
to the Humber ports for shipment abroad and for 
bunkers. Last year the opencast sites in Yorkshire pro- 
duced 2,700,000 tons of coal, or 100,000 tons more than 
the target. Eight new opencast sites are to be brought 
into operation within the next few weeks in the Yorkshire 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF TRANSPORT.—Monday, January 17, 5.30 
p.m., 66, Portland-place, London, W.1. ‘“‘ An Economist 
Looks at Transport,” by Mr. Roland Bird. 


INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey 
Centre: Monday, January 17, 6.30 p.m., Royal Institu- 
tion, Colquitt-street, Liverpool. Joint Meeting with the 
LIVERPOOL ENGINEERING Society. “‘ Waterworks Power 
Plant Practice,” by Mr. T. P. Wakeford. Radio Section: 
Tuesday, January 18, 5.30 p.m., Victoria-embankment, 
W.C.2. Discussion on “ Should British Universities 
Establish Degrees in Radio,” d by Professor E. B. 
Moullin. Southern Centre: Wednesday, January 19, 
6.30 p.m., Wedgwood Café, Albert-road, Bournemouth. 
* Metering Practice on the British Grid System,” by Mr. 
F. Byrne. North-Western Centre: Wednesday, January 
19, 6.45 p.m., Harris Institute, Preston. ‘“ Lightning 
Protection of High-Voltage Systems,” by Mr. H. M. 
Lacey. Utilisation, Radio and Measurements Sections : 
Thursday, January 20, 5.30 p.m., Victoria-embankment, 
W.C.2. “Small Power Transformers for Aircraft Elec- 
trical Equipments,” by Mr. A. Langley Morris. 
INSTITUTION OF CIVIL ENGINEERS.—Tuesday, January 
18, 5.30 p.m., Great George-street, S.W.1. ‘“‘ Brabazon 
Assembly Hall at Filton,” by Mr. C. B. H. Colquhoun. 
Newcastle-upon-Tyne Association: Tuesday, January 18, 
6.15 p.m., North of England Institute of Mining and 





Mechanical Engineers, Newcastle-upon-Tyne. * Bag- 
dad’s Water Supply,” by Mr. B. Whitteron. 
INSTITUTE OF REFRIGERATION.—Tuesday, January 


18, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, S.W.1. “ Refrigeration 
of Biological Material,” by Dr. R. Gane. 

HvLL CHEMICAL AND ENGINEERING SocreTy.—Tues- 
day, January 18, 7.30 p.m., Church Institute, Albion- 
street, Hull. Presidential Address on ‘‘ Polishing Metals,” 
by Mr. H. L. Coulson. 

RoyaL UNITED SERVICE INSTITUTION.—Wednesday, 
January 19, 3 p.m., Whitehall, S.W.1. Films: “ Bikini 
Atom Bomb Experiment ” and “ Berlin Air Lift.” 


INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, January 19, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park,S.W.1. “ The 
Electric Locomotive in Switzerland and Its Problems,” 
by Dr. Gaston Borgeaud. 

LIVERPOOL ENGINEERING Socretry. — Wednesday, 
January 19, 6 p.m., 9, The Temple, 24, Dale-street, 
Liverpool. Joint Meeting with INSTITUTION OF ELEC- 
TRICAL ENGINEERS (Mersey Centre). “‘ Communication of 
Technical Ideas,”” by Mr. H. E. Dance. 

Socrery oF CHEMICAL InDusTRY.—London Section and 
Plastics Group: Wednesday, January 19, 6.30 p.m., 
Royal Institution, Albemarle-street, W.1. Jubilee 
Memorial Lecture. ‘“ Synthetic Fibres: An Historical 
Survey,” by Mr. H. V. Potter. 

INCORPORATED PLANT ENGINEERS.—Western Centre : 
Wednesday, January 19, 7.15 p.m., Grand Hotel, Bristol. 
Discussion on “ Routine Inspection and Maintenance of 
Diesel Engine Plant.” 

INSTITUTION OF MECHANICAL ENGINEERS.—Western 
Branch : Wednesday, January 19, 7.30 p.m., Arts Centre, 
Swindon. “ Mobile Locomotive Testing Plant, L.M.S.R.,” 
by Dr. H. I. Andrews. Institution: Friday, January 21, 
6 p.m., Storey’s-gate, St. James’s Park, S.W.1. Thomas 
Lowe Gray Lecture. ‘“‘ Marine Engineering in the Royal 
Navy,” by Engr. Vice-Admiral Sir John Kingcome. 
AUTOMOBILE DIVISION. Scottish Centre: Monday, 
January 17, 7.30 p.m., 39, Elmbank-crescent, Glasgow. 
“ Fatigue Strength of Cast Crankshafts,” by Mr. R. J. 
Love and Dr. H. R. Mills. on Centre: Tuesday, 
January 18, 7.15 p.m., George Hotel, Luton. “ Engineer- 
ing of a Modern All-Metal Motor Body,” by Mr. E. S. 
White. 


INSTITUTION OF MINING ENGINEERS.—Thursday, Janu- 
ary 20, 11.15 a.m., Institution of Civil Engineers, Great 
George-street, S.W.1. Annual Meeting. “‘ Metallurgical 
Control of Mining Gear,” by Mr. R. Jeffrey. “ Mud-Flush 
Boring,” by Mr. C. W. Otway. 

DiesEL ENGINE UsERS ASSOCIATION.—Thursday, 
January 20, 2.30 p.m., Caxton Hall, Victoria-street, 
S.W.1. ‘“ Recent Developments in Medium Speed Two- 
Cycle Oil Engines,” by Mr. C. B. M. Dale. 


INSTITUTION OF MINING AND METALLURGY.—Thursday, 
January 20, 5 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. ‘“ Mining and Milling Antimony Ore in 
the Transvaal,”” by Mr. Ralph Symons. 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Saturday, January 22, 2.30 p.m., 16, St. Mary’s 
Parsonage, Manchester. “ Engineering Appreach to 





area administered from Sheffield. 





Photography,” by Mr. L. H. A. Carr. 
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LONG-LIFE TAPER-ROLLER BEARING.—British Timken, 
Limited, Cheston-road, Aston, Birmingham, 7, have 
Published a booklet which is an illustrated report on the 
condition of a taper-roller bearing axlebox recently 
examined after ruunirg 1,000,000 miles on class IE 
0-4-4-0 electric locomotives of the South African Rail- 
ways. The mean wear of the two outer-race tracks 
was between 0-00003 in. and 0-00005 in. The wear 
on the tracks of the inner race, or double cone, is not 
stated, presumably because it was too small to be 
measured, but it is evident from the detailed report and 
the illustrations that the tracks are in very good condi- 
tion. The axlebox is being returned for further service. 















BUILDING AND ENGINEERING EXHIBITION.—A Building 
and Engineering Exhibition (Equipment and Materials) 
will be held at the Horticultural Hall, Westminster, 
London, S.W.1, from May 16 to 27. It will include an 
Engineering Equipment and Materials Exhibition which 
had been planned provisionally for the period, January 26 
to February 9. The exhibits will comprise building 
materials and equipment, light engineering and various 
ancillary services and supplies. Applications for further 
particulars and for stand space should be made to the 
Exhibition Manager, “ Britain’s Best’ Exhibitions, 
17, Henrietta-street, Covent Garden, London, W.C.2. 
Telephone : TEMple Bar 4728.) 
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NEW BROADCAST-TRANSMITTER FOR BRIGHTON 
District.—The 100-watt radio transmitting station 
which, as in the case of many of the principal towns in 
Great Britain, was installed at Brighton in 1941, has 
now been replaced by a new 1-kW plant. This is situated 
between Brighton and Worthing, so that it can serve 
both towns, and has been built on a 34-acresite, 300 yards 
from the shore, where the soil is suitable for radio propa- 
gation. A 150-ft. steel tower is used as an aerial, and 
the earth system consists of a buried network of copper 
wires radiating from the transmitter building and 
covering the whole site. It is recommended that a 
vertical aerial should. be used for reception. 
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We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 


“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bak 3663 and 3664. 


All editorial co 
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Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
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SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada ..... ct See 


For Canada 


£410 0 
£4 5 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
i of ‘Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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inconvenience to readers. The dollar conversion 
to pounds sterling is easily made, and as weights are 
expressed in large round numbers and in most cases 
are merely broad estimates, metric tons may be 
read as Imperial tons without introducing any error 
of importance. (Presumably, the term “* Imperial ” 
will not be misunderstood when applied to weights 
and measures, even though the “IND. IMP.” has 
disappeared from the new British coinage and the 
former ‘‘ Imperial and Foreign ’’ postal rates have 
become officially ‘‘Commonwealth and Foreign.”’) 
A protest may, however, be raised about the use 
of the word “billion” as meaning a thousand 
million. It has that signification in France and the 
United States, but in Great Britain it retains its 
original meaning of a million million and its use 
in any other sense in a British document may lead 
to misunderstanding. It should have been defined, 
or, better, not used at all. 

In any consideration of these memoranda, it is 
necessary to remember that they are concerned with 
provisional programmes which may have to be 
modified to work in with corresponding programmes 
prepared by other countries. This point is em- 
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INTERNATIONAL 
ECONOMIC CO-OPERATION. 


OF the two programmes submitted by the Govern- 
ment to the Organisation for European Economic 
Co-operation, that which is concerned with the 
period July, 1949, to July, 1950, is of more imme- 
diate interest to the British public than is the long- 
term project which extends to the year 1952-53. 
The contracting parties to the Convention for 
European Economic Co-operation undertook to pre- 
pare statements indicating what industrial and 
financial steps they proposed to take in order to 
achieve a condition approaching economic stability 
by the time Marshall Aid came to an end in 1952. 
They were also asked to submit short-term pro- 
grammes for the year 1949-50. The two docu- 
ments* have now been published. In studying 
them, it should be remembered that they are not 
addressed to the British public, but to an inter- 
national convention. In view of this, it would have 
been well if comparisons between the progress made 
in the past few years and in the corresponding period 
after the first world war had been omitted. All 
Governments in their pronouncements naturally 
endeavour to make the best case for their own 
policy, but party points are out of place in docu- 
ments addressed to foreign Governments which are 
not concerned with British domestic matters. A 
great deal of the first (introductory) chapter, and 
of Chapter IT (‘‘ General Policies’) verges closely 
upon propaganda and some topics adduced are 

resented with a brevity and lack of completeness 
that hardly gives the reader opportunity to conjure 
up in his mind a true picture. An example is the 
very brief reference in the report to the operation 
and reception of the Control of Engagement Orders. 

That these memoranda, as they are termed, were 
not drawn up for the British public is clear from the 
facts that values are expressed in dollars and weights 
in metric tons. This, however, will not be a serious 





* European Co-operation. Memoranda submitted 
to the Organisation for European Economic Co-operation 
Relating to Economic Affairs in the period 1949 to 1953. 
H.M. Stationery Office, London, W.O.2. [Price 1s. 3d. net.) 


year 1953 must be largely speculative. Much may 
happen before that time. 

As suggested at the outset, the short-term pro- 
gramme is of the greater present interest to industry. 
As coal is the basic material on which British indus- 
try is built, the assumptions made in regard to it 
are of particular importance. It is estimated that 
the output for the year June, 1949, to June, 1950, will 
be 5 per cent. over that of the previous twelve 
months. There seems a reasonable chance that this 
may be achieved. The total production in 1948 
fell short of the estimate of 211 million tons by 
2,500,000 tons, or 1-18 per cent. This relatively 
small percentage indicates close estimating and, as 
the output in 1948 was 5-93 per cent. greater than 
that for 1947, the further increase of 5 per cent. in 
the 1949-50 year may be counted on with reasonable 
confidence ; at any rate, it is obviously practicable. 
This expected increase will have to be attained 
by short-term developments and, it may be hoped, 
by a rise in man-output. In the year 1948-49, 
100 million dollars is being spent on new plant 
and development work, and in 1949-50, a further 
135 million dollars, but little even of the expendi- 
ture of the earlier year is expected to bear ‘fruit 
in 1949-50. It is hoped that the re-equipment 
which this expenditure represents will enable an 
annual increase of 5 per cent. output per man-year 
to be sustained throughout the long-term period. 
It should be possible, too, if the work of the British 
Coal Utilisation Research Association and of the 
Fuel Efficiency Committee of the Ministry of Fuel 
bears fruit, to release a further 5 per cent. for export 
or for the expansion of British productive industry. 
This is not dwelt on in the report, but it might be a 
valuable aid in implementing the programme. 

Little information is given about the expected 
expansion of the electricity-supply industry, beyond 
the statement that the output in 1949-50 is expected 
to be 46,500 million kWh as compared with 45,000 
million in 1948-49 and 42,600 million in the calendar 
year 1947. It was recently announced that the 
available capacity of generating plant increased by 
327,000 kW in 1948 and it may be presumed that 
the progress which this represents will continue this 
year, but no information is given on the matter in 
the memoranda other than a statement that, by the 
end of the 1952-53 programme, generating capacity 
is expected to be 40 to 50 per cent. above the present 
figure. With regard to the short-term programme, 
all that is said is that “a special effort is called 
for in 1949-50, so that the programme may proceed 
steadily.” This is no doubt true, but it is not 
informative. To a considerable extent, the con- 
tinuing increase in the electrical load is due to 





domestic demand and has no direct relation to the 
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industrial activity with which the memoranda are 
essentially concerned. 

After coal, iron and steel are the main. basic 
materials on which almost all industries directly or 
indirectly depend. As is well known, the iron and 
steel industries have had an excellent record over 
recent years, output of finished material having 
been determined rather by crude supplies than by 
finishing capacity. Although the full rehabilitation 
and modernisation of these industries is a long-term 
matter, itis expected that, in the year 1949-50, blast- 
furnace capacity will be increased by half a million 
tons and the production of ingots and castings will 
rise to 15-5 million tons; the estimate for 1948 
was 14-7 million tons. Developments at Corby, 
designed to increase steelmaking capacity by 
700,000 ingot tons a year, are expected to be suffi- 
ciently advanced to produce 140,000 tons in 1949-50. 
Of the extensive new installations for the produc- 
tion of finished materials which are in progress, it 
is expected that plant for the production of billets 
and wire rod will come into operation in 1949-50. 
The new steel works and hot-strip mill at Margam 
in South Wales will be in operation by the middle 
of 1950, when the short-term programme ends. 

The references to individual materials or branches 
of industry are necessarily brief, since the main 
object of their inclusion is to explain the national 
programmes for financial recovery ; but it is strange 
to find, apparently, only one mention of the signifi- 
cance of scrapin steelmaking. This is the statement 
that ‘‘It is planned to increase the production of 
pig-iron to 12-2 million metric tons in 1952-3, of 
which 9-4 million tons will be for steelmaking so 
as to diminish dependence on imports of scrap.” 
If the sole economic problem of this country were to 
avoid the trouble and expense of importing foreign 
scrap, this would be an admirable policy, but we 
have an uneasy feeling thay there may prove to 
be more in it than that. The additional coal needed 
to produce the additional pig-iron, and the extra 
transport required to handle both coal and pig-iron, 
represent heavy additional demands on the coun- 
try’s resources of labour and materials, the overall 
economics of which must be compared with those 
of importing a corresponding tonnage of scrap, on 
which the initial outlay of fuel was spent long ago 
and written off. This assumes, of course, that the 
scrap is available and reasonably accessible, which 
may not be the case in 1952-3 to the same extent 
as at present. 

In the engineering field, output “‘ will very much 
depend upon the tonnage of steel available.” This 
appears to be an undue simplification, as the 
engineering industries use many other materials in 
addition to steel, though admittedly their ability to 
use the other materials at all is often contingent 
upon the availability of adequate steel supplies, as 
and when they are needed. It is estimated, however, 
presumably after full consideration of the steel 
situation, that, compared with the year 1948-49, 
output of wheeled tractors will increase by 10 per 
cent. in 1949-50 ; of crawler tractors by 150 per cent.; 
power plant, 10 per cent. ; automatic looms, 10 per 
cent.; and ball bearings, 10 per cent. There is 
little doubt that the industries concerned can meet 
these figures if they are furnished with the necessary 
raw materials and power supplies, although in some 
cases the question of the size of the labour force 
may have some influence. 


The long-term programme for the chemical indus- 
try, which provides for an expenditure of 800 million 
dollars, is designed to provide for meeting all major 
domestic demand by 1952, as well as the main- 
tenance of an extensive export trade. Of the part 
of the programme concerned with dyestuffs, it is 
expected that at the end of 1949 output will be at 
the rate of 45,000 tons a year compared with 
38,000 tons in 1947. The general scheme covers 
increase in soda ash production by 25 per cent., and 
it is hoped that this figure will nearly be reached 
at the end of the short-term period. Some of the 
new plants designed to meet the increasing home 
demand for sulphuric acid should be in production 
at the end of 1949-50, as well as half the designed 
productive capacity for superphosphate. Half of the 
plants projected to increase the output of phosphoric 
acid and its derivatives by 100 per cent. are expected 


of all the work that he described on the behaviour 
of steel frames in the plastic range, and he must 


to the British Welding Research Association, 
through which arrangements were made for practis- 


LOAD FACTORS FOR 
STRUCTURAL STEELWORK. 


BrivTisH constructional engineers and naval 
architects have never been ashamed to acknowledge 
“Safety First” as the most important rule in any 
code of practice. Their tradition is a proud one. 
Occasional mishaps may still be reported—a 
bridge swept away by the flood of a century, a roof 
truss buckled by an unprecedented snow load, and 
once in a life time, perhaps, a British ship lost at sea 
through faulty design or workmanship. By and 
large, however, the British engineer can justifiably 
claim, with all due respect to his foreign competitors, 
that it is necessary to look abroad for outstanding 
examples of constructional failure within living 
memory. The layman has long forgotten, though 
engineers remember, the Old Tay Bridge and other 
hardly-bought experiences of the distant past. The 
British engineer is never touched on a sore spot, 
therefore, by a reminder that he rarely pours even 
ra pint into a quart pot, or, in more technical 
language, that his load factors are almost invariably 
greater than 2. There is so much to be lost and 
so little to be gained by cutting the load factors in 
materials of construction that there is every reason 
for refusing to be hustled into acceptance of mini- 
mum structural weight as the criterion of good 
design. In this respect, neither the constructional 
engineer nor the naval architect is on common 
ground with the aircraft engineer, with whom 
weight must always be a prime consideration. In 
military aviation, indeed, the pilot will prefer to 
carry the risk of structural failure in a machine of 
high performance, rather than the certainty of 
combat inferiority in a safer machine. 

There is one argument, however, that every 
engineer can appreciate; if he aims at pouring a 
pint into a quart pot, he should give consistent 
measure, and should not be less generous when 
designing a floor beam than when he is designing a 
pillar or column. Dr. J. F. Baker, Professor of 
Mechanism and Applied Mechanics in the University 
of Cambridge, in a recent paper presented to the 
Institution of Civil Engineers,* gave an example of 
an anomalous result which might arise in building 
construction to-day. “If there are two beams in a 
structure,” he said, ‘“‘one simply supported and 
one encastré, both designed by the usual working 
stress method for the same design load, then the 
latter would be capable of carrying one third more 
load before collapse than the former”; and he 
went on to ask the pertinent question: ‘For 
static loads where strength is the design criterion, 
can this be defended ?” If pressed to answer this 
question the practising engineer would grant Pro- 
fessor Baker his point unreservedly, having known 
instinctively for at least 40 years that a structure 
with rigid joints is stronger than one with pinned 
joints. It is many years, for example, since a 
bridge girder has been furnished with the pin joints 
which can still be seen on some of the older bridges. 
The great merit of Professor Baker’s work is not 
so much that it shows a considerable advance on the 
technical position taken up by the Steel Structures 
Research Committee; that it puts rigidity of 
connections before partial rigidity; or that it 
strikes a modern note with the replacement of a 
theory of elasticity by a theory of plasticity. Its 
merit lies more in the simplicity and elegance of the 
design method that he presents for a class of 
structures which has a wide application in practice 
and must have troubled structural designers to a 
considerable extent to judge by the flow of relevant 
literature for many years pasv. Professor Baker is 
not alone in this work, and the assistance of many 
collaborators is acknowledged in his paper; but 
it is he who has been the source of inspiration 


be recognised as the principal architect of progress 
in the field of structural design during the past 
two decades. A special acknowledgment is given 





* “A Review of Recent Investigations into the 
Behaviour of Steel Frames in the Plastic Range ’’; read 
and discussed at a general meeting of the Institution 


ing structural designers to collaborate with full-time 
research workers in carrying out tests and in develop- 
ing a theory of design which would have a rational 
analytical basis and, at the same time, be acceptable 
to the professional engineer. This collaboration 
between research and design should not only keep 
theory on the rails of practical progress, but should 
help the practical man to follow the advancement 
of science more closely than he can do when new 
theories are handed down to him ex cathedra. 

While, in one sense, the constructional engineer 
and the shipbuilder may find novelty in the recom- 
mendations for designing on total strength instead 
of elastic strength, the basic conception of plasticity 
cannot be new to them. Every steelworker is 
aware that the yield point must be exceeded in the 
process of straightening a rolled section before 
fabrication; that is why engineers have always 
been so insistent on ductility in structural steel. 
Since, in any event, the plastic range has been 
reached in parts of every steel section before ever 
a load is applied, the convention of designing on a 
limit of stress is rather a method of design on range 
of stress. It is common experience that a steel 
section which may be straightened once without 
detriment will not submit to repeated bending and 
straightening. The plastic theory will be applied 
with greater reserve, therefore, to structures subject 
to substantial live loads, than to those on which 
the dead load predominates. 

The question then arises whether the plastic 
theory can be adopted for live loads also. Pro- 
fessor Baker has not pressed this question, but it is 
not less important than that of design for dead 
loads; there can hardly be two systems of design 
in use concurrently, one for dead loads and the 
other for live. The solution may be to use the 
plastic theory in both cases, but with different load 
factors. It is unlikely that exception will be 
taken to the proposal that a load factor of 2 is 
adequate for dead loads, or, in other words, that 
a structure should be designed to collapse at double 
the dead load for which provision is required. A 
preliminary basis for a load factor for live loads 
might well be found in an assessment of the load 
factors, calculated on the plastic theory, of a repre- 
sentative selection of existing structures. Further 
relevant information might be obtained by an 
examination of other items of engineering construc- 
tion, subject to live loads, which are designed on the 
basis of failing loads rather than on elastic stresses. 
One example is afforded by crane and coupling 
hooks ; it would probably be difficult to find a 
hook which is not stressed somewhat beyond the 
yield point on first loading. Initial loading to a 
proof stress above the design load will cause local 
stresses above the elastic limit; but this is a 
pre-stressing operation, after which the normal 
loading sequence will produce a stress cycle within 
the elastic range. Another everyday example is 
the coil spring; for, after the simple pre-stressing 
process known as scragging, the spring maker 
verily puts three pints into a quart pot, on any 
assessment by elastic theories such as are now in 
use for structural design. 

Professor Baker has deliberately presented a 
new method of design to the engineering profession 
before he is in a position to answer all the questions 
which must arise in the extension of the theory. 
This is a commendable policy: while the pure 
research worker must be given unrestricted licence 
to proceed in any direction which may lead him 
to results of scientific interest, practical research 
must go forward in close association with the de- 
signer. The conception of engineering research as 
an independent profession is of recent origin. The 
great engineers of the Nineteenth Century, such as 
I. K. Brunel, Telford, Rendel, and Professor 
Baker’s immortal namesake, Sir Benjamin, received 
little or no assistance from academic schools ; their 
practical achievements were solidly based on their 
own ad hoc investigations. By inviting the close 
co-operation of practising engineers on current 
research projects, Professor Baker is to some extent 
restoring a system which prevailed when every 
designer was his own research engineer ; actually 
he is doing more, by offering facilities for experi- 
mental and theoretical investigation far surpassing 








to be in operation at the end of this year. 


in London on November 23, 1948. 


the resources of the Nineteenth Century engineer. 
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NOTES. 


INTERNATIONAL EXCHANGE OF TECHNICAL 
STUDENTs. 


Ws have received recently from Mr. J. Newby, 
the Superintendent of Vacation Studies at Imperial 
College, South Kensington, a copy of the first annual 
report of the International Association for the 
Exchange of Students for Technical Experience, of 
which he is secretary. This association, which was 
founded last year, arose out of a conference held at 
Imperial College in January, 1948, under the chair- 
manship of Mr. Newby, to discuss the work that 
had been done over the preceding two years to 
arrange for international exchanges of technical 
students between various European countries. The 
conference was opened by Professor H. Levy, chair- 
man of the Imperial College Vacation Work Com- 
mittee, and was attended by delegates from Belgium, 
Czechoslovakia, Denmark, Finland, France, Great 
Britain, the Netherlands, Norway, Sweden and 
Switzerland. Following discussion of a motion put 
by the Netherlands delegate, Mr. P. M. Heertjes, 
that a central organisation should be established to 
control the interchange of technical students in the 
various countries, the conference recommended that 
this should be done ; the new Association was the 
result. The reception accorded by the participating 
countries is sufficiently demonstrated by the totals 
of exchanges for 1947 and 1948—484 students in 
the former year and 920 in the latter. The secre- 
tary’s report states that, the efficacy of the arrange- 
ments for administration having been proved by 
experience, the preliminary negotiations have been 
put in hand to extend the scope of the organisation 
to include Austria, Italy, Spain and Portugal, and 
an application has been made to Unesco for recog- 
nition by that body. It is pointed out that, in 
addition to the obvious benefits accruing to the 
students, the Association can be of assistance to 
international industrialists, since its machinery 
ensures that the individuals nominated are spon- 
sored by the universities and colleges concerned, and 
the acceptance of nominations through the Associa- 
tion provides opportunities for students on a 
reciprocal basis. Copies of the report, which con- 
tains separate communications from the various 
countries, outlining the general experience of visiting 
students and giving lists of the firms into whose 
employment they were received, or who were pre- 
pared to Yeceive them, may be obtained from Mr. 
Newby at Imperial College, South Kensington, 
London, S.W.7. 


INstTITUTION OF MECHANICAL ENGINEERS. 


The informal meetings of the Institution of 
Mechanical Engineers are not reported in extenso, 
even in the Proceedings of the Institution, but the 
subject chosen for the meeting on Friday, January 
7, provoked such a lively interest that some mention 
should be made of it. Dr. W. Abbott, O.B.E., 
B.Sc. (Eng.), M.I.Mech.E., introduced a discussion 
on “Rotary Motion” by recalling first principles 
with the aid of some demonstration apparatus, 
including a freely-rotatable chair and two bicycle 
wheels, one with wooden handles on the ends of the 
axle and the other fitted to a straight fork. His 
opening apology for recapitulating such elementary 
phenomena as centrifugal and gyroscopic actions 
turned out to be superfluous because, as the dis- 
cussion progressed, it became evident that the 
fundamentals of the subject were viewed differently 
by several members who are familiar with them. 
Before dealing with the balancing of rotating masses, 
Dr. Abbott gave a demonstration of the principle of 
moments by means of sliding weights on a lever 
balanced at its centre. He invited members to 
suggest a proof that an arrangement of weights 
which balanced ‘‘ must be so.” He knew of none, 
and that was a difficulty in teaching. Considering 
the whole subject of rotary motion, he expressed his 
preference for the use of apparatus, such as he had 
brought, which enabled the teacher and students to 
demonstrate, and—what was more important— 
experience the sensation of, gyroscopic action by 
sitting in a rotatable chair and turning the axis of 
& rotating bicycle wheel from a vertical plane to a 
horizontal one, Similarly, the principle of the 








conservation of angular momentum was readily 
comprehended by sitting in a rotating chair, with a 
weight in each hand, alternately holding them at 
arm’s length and close to the body. Without that 
demonstration, the student would have difficulty 
in accepting a principle which could not be proved. 
One speaker caused amusement by showing that a 
man seated in a rotatable chair could, contrary to 
expectation, cause it to rotate without external 
help. He thrust his clenched fist out radially, 
swung it backwards through a short are and re- 
tracted it to his chest, repeating the cycle several 
times at a brisk rate, As someone remarked, the 
cat’s ability always to land on its feet when falling 
was based on this. The meeting was obviously much 
enjoyed by those present, and many doubtless 
wished for more of a similar nature. They are 
appreciated by those whose theoretical knowledge 
has largely fallen into disuse, and help to inform 
students whose teachers too seldom impress upon 
them that all theory is based on axioms. 

THe AMERICAN Society oF NavaL ENGINEERS. 

The current issue of the quarterly Journal of the 
American Society of Naval Engineers, recently to 
hand from the headquarters of the Society in the 
Bureau of Ships, Navy Department, Washington, 
D.C., marks the completion of 60 years’ continuous 
publication. Appropriately, therefore, it includes 
some comparative illustrations of the progress of 
American naval architecture and naval engineering 
during that period. The contrast between the 
U.S.S. Baltimore, the full-power trials of which 
were reported in vol. 1 of the Journal, and the light 
cruiser Worcester, the latest ship to have joined the 
United States Fleet before the present issue went 
to press, is, perhaps, no more than typical of the 
changes that have taken place in the British and 
various other navies in 60 years; but it is worth 
making, for the general public, the world over, 
share a common tendency to under-estimate, in 
times of peace, the constant endeavours of the 
technical branches of their fighting Services to 
improve their weapons and the protection that those 
weapons afford. The contrast between the hori- 
zontal reciprocating steam engines used in the 
Baltimore and similar vessels, and the experimental 
gas-turbine unit of to-day—both of which are also 
illustrated—is, perhaps, even more striking to those 
able to appreciate the difference. American naval 
architecture, especially as applied to warship design, 
and the work of American designers of warship 
machinery, have always been characterised by a 
bold originality, and the operations of the United 
States Navy in the Pacific during the recent war 
showed repeatedly that a courageous disregard for 
established convention often pays good dividends. 
There can be no doubt that, in the training of those 
who designed and built the present United States 
Navy, the American Society of Naval Engineers 
has played an important part, and that it will 
continue to do so in the future. 


Non-Destructive TESTING OF STEEL. 


At a meeting of the Institute of Marine Engireers, 
held in London on Tuesday, January 11, a paper on 
“‘The Non-Destructive Testing of Steel Castings 
and Forgings ’’ was presented jointly by Mr. J. 
Rhodes, B.Sc., Mr. T. H. Arnold, F.I.M., and 
Mr. H. S. Peiser, M.A. The authors, all of whom 
belong to the research department of Messrs. 
Hadfields, Limited, Sheffield, divided their survey 
into six main sections, dealing respectively with 
proof loading tests, metallographic methods of 
detecting surface defects, radiography, crack detec- 
tion, magnetic and electrical tests, and X-ray 
crystallographic methods. These several methods 
of testing, they pointed out, were complementary 
rather than competitive. Proof loading, though 
most commonly used, was usually the least econo- 
mical method in practice. Acid etching and mag- 
netic means of crack detection could only reveal 
surface defects, while ultrasonic crack detection 
showed only internal defects. Radiography could 
be used on specimens up to 10 in. in thickness, but 
was not sensitive enough to detect small cracks and, 
therefore, its use was practically restricted to 
castings. Magnetic and electrical testing differen- 
tiated between good and bad components, but did 
not indicate the type of defect that might be present. 





X-ray crystallography ‘“‘ opened up a complete new 
field ’ in non-destructive testing, providing means 
to estimate properties (such as crystal size and 
orientation) which previously could be determined 
only by sectioning the specimen. 





LETTER TO THE EDITOR. 


MATHEMATICS AS A TOOL. 
To THe Eprror or ENGINEERING. 


Sm,—I read the editorial article on the above 
subject, which appeared on page 613 of your issue 
of December 24, 1948, with much interest, and I 
should like to make the following comments. The 
old art of engineering is becoming every year more 
of a mathematical science, and the modern engineer 
must be equipped with a serious grounding in 
mathematics. The necessity for meeting competi- 
tion has inevitably led to a high degree of specialisa- 
tion, and the rising cost of raw materials makes it 
an economical proposition to employ a highly-paid 
mathematician to work out intricate computations 
if these can serve to clarify the physical unknowns 
in an engineering problem. The philosophy of 
engineering might be said to be the study of factors 
of safety and limits of validity and therefore the 
fundamental chapter in the mathematics for 
engineers must necessarily be the Theory of Errors. 

I do not agree that engineers should be taught 
a simplified form of mathematics applicable to the 
practical solution of engineering and physica) 
problems. Perhaps the only difference between 
the mathematics for purists and that for engineers is 
that, whereas purists are chiefly interested in 
absolute errors, engineers are mainly concerned with 
relative errors. The old saying that the slide-rule 
is sufficiently accurate for engineers is rigidly and 
mathematically correct in a very large number of 
cases, for the accuracy of a solution is a function 
of the relative error and if the answer given by 
slide-rule is within the permissible range of error, 
slide-rule working is acceptable. 

There are, however, cases where a minimum of 
four or five significant figures must be adopted in 
all calculations and this necessitates the use of 
calculating machines. All computations involving 
repeated differences of large figures, and serial 
products as occur in elasticity equations or in the 
solution of determinants, require great arithmetical 
accuracy, for it may be extremely difficult, or even 
impossible, to foresee the law governing the function 
of relative error. In engineering problems involving 
the solution of differential equations, and they are 
numerous, the skill of the engineer consists in fixing 
limits of integration, that is, in determining the 
physical limits of validity to the problem. The 
fact that fixing limits to a differential equation often 
greatly simplifies its integration is incidental and 
in no way lessens the “elegance” of the solution. 
It may be of interest to note that, in most countries 
on the Continent, a course on theory of errors is 
included in all engineering syllabuses. 


Yours faithfully, 
M. D. Brissy. 
76, Mortimer Court, 
Abbey-road, 
London, N.W.8. 


January 8, 1949. 





THe LATE Mr. G. C. HIBBERT.—We regret to an- 
nounce the death of Mr. Geoffrey Charles Hibbert, 
which occurred in London following a brief illness on 
January 7. Mr. Hibbert, who was a director and the 
general manager of Messrs. E. H. Jones (Machine Tools), 
Limited, Edgware-road, The Hyde, London, N.W.9, 
was born at Wrexham, Denbighshire, on July 15, 1900. 
In 1917, he received training with Messrs. Elliott Brothers 
(London), Limited, and after the 1914-18 war, joined the 
technical staff of the Gramophone Company, Limited, 
Hayes, Middlesex. Mr. Hibbert then took up the post of 
production engineer at the Burry Rubber Company, Vul- 
can Mill, Burry, where he was concerned with the installa- 
tion of modern synthetic rubber plant. His next position 
was that of works manager of Messrs. Carter and Wright 
(Engineers and Machine Tools), Limited, Pellon-lane, 
Halifax, which post he retained until he joined Messrs. 
BE. H. Jones in 1939 in a technical capacity. He was 
made general manager of the latter firm in March, 1946, 
and was elected a director in June, 1946. 
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THE ORIGIN OF TRANSATLANTIC 
STEAM NAVIGATION, 1819-1833.* 


By H. Pair Spratt, B.Sc. 


THE first steam-propelled vessel to cross the Atlantic 
or, indeed, any ocean, was the American auxiliary 
paddle steamer, Savannah, built of wood at Corlears 
Hook, New York, by Francis Fickett, and launched on 
August 22, 1818. The vessel was intended at first for 
the sail-packet service to Havre, France, but before 
completion she was purchased by the newly-formed 
Savannah Steam Ship Company and adapted for 
auxiliary steam propulsion, with collapsible paddle- 
wheels. She was fitted with an auxiliary steam engine 
of 90 indicated horse-power, constructed by Stephen 
Vail at the Speedwell Iron Works, near Morristown, 
New Jersey. This had one cylinder 40 in. in diameter 
by 5 ft. stroke, which was inclined at about 20 deg. 
so as to act directly on the paddle shaft. The steam 
inlet and exhaust pipes were of equal bore, since there 
was no expansion in the cylinder, and the steam was 
discharged into a jet condenser. The air pump worked 
on the same crosshead as the main piston rod. 

Steam was supplied by low-pressure boilers, with 
riveted flues, constructed by Daniel Dod, of Elizabeth, 
New Jersey. The pressure is said to have been less 
than 1 Ib. per square inch above atmospheric. These 
boilers had to be blown out once a day, to avoid salt- 
water concentration. The engine and boiler spaces 
occupied most of the hold, from the main-mast to the 
fore-mast, so that little room was left for cargo. The 
smoke pipe was fitted at the top with an elbow, which 
could be turned as necessary to direct the smoke and 
sparks from the sails. The paddle-wheels were 15-25 ft. 
in diameter. Each had ten radial arms, held in position 
by a pair of chains near the outer ends, but which could 
be folded up like a fan and taken on deck when not in 
use. This operation could be performed in about 
20 minutes. The paddle floats were 54 in. long and 
32 in. wide, and their outer corners were chamfered. 
Each paddle-wheel was provided with a removable 
canvas cover stretched over an iron frame. The wheels 
rotated at 16 r.p.m., and are said to have propelled 
the vessel, under steam power alone, at a speed of 
about 4 knots. 

The Savannah ran her trials in March, 1819, off Staten 
Island, and was delivered soon after to her home port. 
The trade depression of that year, however, caused the 
owners to abandon their proposal to use the vessel on 
coastwise service, and it was decided to send her to 
Europe for sale. She was advertised to sail for Liver- 
pool, with an intermediate call at New York “ should a 
sufficient number of passengers offer.” None did, in 
fact, offer, and the proposed call at New York was 
cancelled. After numerous delays, she left her home 
port on May 24, 1819, bound directly for Liverpool, 
under the command of Captain Moses Rogers. She 
carried no passengers but stowed 75 tons of coal and 
25 cords of wood. The bulk of the fuel to be carried 
is said to have rendered the vessel unprofitable in 
service. However, she persevered across the Atlantic 
under sail, with the occasional use of her paddles, 
at a mean speed of about 6 knots. On June 17, she 
was seen off the coast of Ireland, and reported as a 
ship on fire. Her log-book contains, on June 18, the 
admission: “‘ No cole to git up steam.” 

She re-coaled at Kinsale and steamed on to Liverpool, 
where she arrived on June 20. It was recorded that: 
“The Savannah, a steam vessel, recently arrived at 
Liverpool from America, the first vessel of the kind 
which ever crossed the Atlantic, was chased the whole 
day off the coast of Ireland by the Kite, revenue cruiser 
on the Cork station, which mistook her for a ship on 
fire.”t The crossing from Savannah had taken 27 days 
11 hours, in which her paddle-wheels are said to have 
been used on seven occasions, for a total of about 
85 hours, and only when there was so little wind that 
her speed was reduced to 4 knots. 

From Liverpool, the Savannah proceeded to Elsinore, 
Stockholm and St. Petersburg, where it was hoped to 
sell her to Tsar Alexander. It is said that the Tsar 
made a trip on board to Kronstadt, but he did not 
purchase her. She returned to her home port under 
sail, because of the high cost of coal abroad; no 
attempt was made to use the engine, except as she 
entered the river Savannah on November 30, 1819. 
She left again on December 3, and reached Washington 
in 12 days; but the United States Government did not 

urchase her. One newspaper merely commented that 
engine did not detract from her sailing qualities. 
In 1820, the vessel was sold at auction. Her engine 
was purchased by the Allaire Works, of New York, 
and she became a coastwise sail-packet between 
Savannah and New York. She ran ashore on Long 
Island in a gale on November 5, 1821, and became a 
total wreck. 





* Paper read before the Newcomen Society at a meeting 
held in London, on October 6, 1948. Abridged. 


Thé principal dimensions of the Savannah were : 
gross register, 320 tons; burden, about 170 tons; 
length over all, about 110 ft. ; length between perpen- 
diculars, 98-5 ft.; breadth of hull, 25-8 ft.; breadth 
over dle-wheels, about 36 ft.; depth of hold, 
14-2 ft.; draught, about 13 ft. 

Now to be disposed of, once and for all, is that 
historical diehard, the paddle steamer Conde de 
Palmella. This small vessel of 70 tons burden, length 
50 ft., and breadth 14 ft., was built at Liverpool for 
Messrs. A. J. da Costa. She was fitted in September, 
1820, with low-pressure condensing engines of 20 
nominal horse-power, constructed by Messrs. Fawcett 
and Preston, Liverpool, which are said to have propelled 
her at 3 knots in a calm. The vessel sailed from 
Liverpool in October, 1820, under the command of 
Captain Silva and arrived in Lisbon four days later. 
She is stated by several reputable steamship historians 
to have proceeded thence to Brazil, but this cannot be 
substantiated. Correspondence with the Director of 
the Biblioteca Nacional, at Lisbon, confirms that the 
Gazeta de Lisboa of October 19, 1820, contains an entry 
to the effect that a vessel named the Conde de Palmella 
arrived at Lisbon from Liverpool on Sunday, October 15, 
with ballast. No evidence can be found in support 
of her reputed departure for Brazil ; and further refer- 
ence to the Biblioteca da Marinha, at Rio de Janeiro, 
has also failed to confirm her arrival in South America. 
In 1836, however, the British Consul at Lisbon reported 
her in use on the River Tagus ; and therefore it seems 
evident that the transatlantic claims made on behalf 
of this British-built river steamboat must be dismissed. 

It would not be strictly accurate, and yet, for 
practical purposes, it would be sufficiently near the 
truth, to say that it was a British steamer which 
first crossed the Atlantic westwards, from the Old 
World to the New. This apparent contradiction arises 
from the fact that, when the Savannah returned from 
Europe to her home port in 1819, she did so under sail 
alone, with her collapsible paddle-wheels on deck. The 
first authentica'ed steamship crossing of the Atlantic 
from east to west appears to have been that made in 
1821-22 by the first steam warship, the paddle steamer 
Rising Star. This vessel had been ordered in 1818 
by Thomas Cochrane (later the tenth Earl of Dundonald) 
for use as a steam warship in the Chilean revolution, 
but not until 1820 was she laid down. The wooden hull 
was built by Daniel Brent, of Rotherhithe. An old 
print, published in 1821, represents her as a full-rigged 
ship with three masts, ten gun-ports on each side, 
and two funnels placed athwartships between the fore 
and main-mast. No side paddle-wheels or boxes are 
shown. The description attached to the picture states 
that the Rising Sun was built “‘ under the direction of 
Lord Cochrane upon the principle of navigating either 
by sails or by steam, the impelling apparatus being 
placed in the hold and caused to operate through 
apertures in the bottom of the vessel.” 

The Rising Star was fitted with twin-cylinder engines 
of 70 nominal horse-power constructed by Maudslay, 
Sons and Field, of Lambeth. Little is now known of 
the precise nature of this machinery, but comparison 
can be made with a smaller but similar vessel, the 
London Engineer, which was built in 1818 by Daniel 
Brent and also engined by Maudslay. It would appear 
that the two vertical cylinders, about 42 in. in diameter 
by 36 in. stroke, were placed athwartships, and each 
arranged to drive by means of bell-crank side-levers 
an overhung crank on either end of the paddle shaft. 
It is probable also that the bell-crank arms were equal, 
so that the inclined stroke of the connecting-rod was 
the same as the vertical stroke of the piston. Steam 
at a pressure of about 2 to 3 lb. per square inch was 
supplied by marine flue boilers of the form in common 
use at that period ; it is probable that four such boilers 
were used, two to each of the funnel uptakes placed 
athwartships. It is also possible that these boilers 
were made of copper, as were those of the London 
Engineer and the one fitted by Maudslay to the 
Enterprise in 1824. The boilers were, of course, fed 
with sea water, and had to be blown out occasionally to 
avoid salt concentration. At the low pressure used, 
no feed-pump was necessary; water could be run 
into the boilers from a raised tank. 

The two paddle-wheels, each about 13-5 ft. in dia- 
meter and 7-5 ft. wide, were placed in the hold between 
the fore and main-mast, on either side of the centre 
keel. The wheels of the London Engineer had each 
eight radial floats, and were enclosed in an air-tight 
casing; this was open to the sea by apertures in the 
hottom of the vessel, between the centre keel and the 
two outer keels on each side. The paddle floats, about 
39 in. wide, projected through these apertures. As 
the paddle shaft was only about 15 in. above sea level, 
two air pumps were used to force air into the casing 
and thus lower the water level therein. 

The Rising Star was floated out of dock on February 5, 
1821, and ran her trials in June, when a speed of 
5 to 6 knots by steam power was attained on the 
Thames; the paddle wheels would have made about 





t The Times, June 30, 1819. 





22 r.pm. After many alterations and repairs had 





been made to her machinery, the vessel sailed from 
Gravesend on October 22, bound for Valparaiso. She 
sprang a leak off the coast of Portugal, and put into Cork 
for repairs. She eventually arrived at Vieunte in 
April, 1822. The Rising Star is said to have proved 
herself “‘ a very superior sea-boat ” and often to have 
reached a speed of 12 knots. The extent to which 
she used steam power on the Atlantic, however, is not 
recorded. By the time she arrived in Chile, the first 
steamer to enter the Pacific, the revolution had suc- 
ceeded, and the Spanish Navy had departed ; she was, 
therefore, never used as a warship for which she had 
been intended. In 1824, she was sold at Valparaiso to 
Samuel Winter and J. Brittain, of Buenos Aires; and 
in 1827, she passed into the ownership of Mr. H. Stewart, 
of Liverpool. The vessel was wrecked in 1830. The prin- 
cipal dimensions of the Rising Star were : gross register 
428 tons; length between perpendiculars 123-6 ft. ; 
breadth, 27-8 ft. ; depth of hold, 6-1 ft. ; and draught, 
about 5-5 ft. 

The paddle steamer Caroline, of 1823, is net described, 
or even mentioned, in the standard works of such 
British historians as Fincham, Lindsay, Kennedy, 
Holmes or Fletcher. She was, however, notable as the 
first steamer in the French Navy, and the second in all 
history to use steam on the Atlantic from east to west. 
Her omission from British literature has doubtless been 
inadvertent, and due solely to the fact that the sources 
of information were not readily available to historians 
in this country. Official records preserved in the 
Archives Centrales de la Marine, at Paris, establish 
it beyond doubt that she crossed the South Atlantic 
in 1824-25. : 

The vessel was built of wood at Rouen, and launched 
under the name of Galibi on August 23, 1823, for the 
merchant service. She was, however, renamed Caroline 
in 1824, on her transfer to the French Navy, which she 
was the first steam-auxiliary vessel to enter. She was 
a two-masted schooner, and carried six guns. To enable 
the vessel to function as a tug-boat, the Caroline was 
fitted with low-pressure side-lever engines of 50 nominal 
horse-power, ordered in December, 1822, from Manby, 
Wilson, Henry et Cie, of Charenton, near Paris, and 
completed in 1824. The two cylinders were 29 in. in 
diameter by 36 in. stroke, and could be disconnected 


from the paddle shaft when the vessel was to proceed * 


under sail alone, or when repairs to the machinery 
became necessary. The air pumps for the condenser 
were 19 in. in diameter. Steam at a pressure of about 
2 to 3 lb. per square inch was supplied by an iron 
flue boiler in three sections, each having a safety- 
valve. The three boiler sections were connected by 
two internal flues, fitted with muff-pieces to prevent 
the escape of smoke into the boiler room. The paddles 
were about 13 ft. in diameter; each had three sets 
of radial arms and ‘carried six float boards, 76 in. long 
and 23-5 in. wide. 

The vessel, under the name of Galibi, ran her trials 
in July, 1824, when the paddle-wheels made 21 r.p.m. 
and a speed of 7 knots under steam power was attained. 
After her transfer to the French Navy, the Caroline 
sailed from Brest on December 14, 1824, bound for 
Cayenne. On the Atlantic she encountered head 
winds which reduced her speed to 2 knots, and at times 
even to 1 knot. Off the coast of French Guiana, 
however, a mean speed of 5 knots was maintained. 
The date of her arrival at Cayenne is not recorded. 
She arrived back in France on August 3, 1827. Her 
hull and machinery were inspected and found to be in 
good condition, even though she had been under steam 
for more than 9,000 hours. In 1828, the vessel was 
renamed Louise, and, in 1833, she was condemned and 
broken up. Her principal dimensions were: gross 
register, about 350 tons; burden, about 190 tons; 
— between perpendiculars, 121-3 ft.; breadth of 
hull, 23 ft.; breadth over paddle boxes, about 39 ft. ; 
depth in hold, about 6 ft.; draught, with false keel, 
5-5 ft. 


(To be continued.) 





LECTURES ON NUCLEAR POWER PROBLEMS.—A course 
of seven lectures on the subject of “ Scientific and 
Engineering Problems of Nuclear Energy,” will be 
delivered in the Electrical Engineering Department of 
the Imperial College of Science and Technology, South 
Kensington, London, 8.W.7, on Thursdays at 3.45 p.m., 
commencing on January 20. The lecturera will be 
Dr. O. Buneman and Mr. J. Diamond, of the Ministry 
of Supply’s Atomic Energy Research Establishment at 
Harwell, Berkshire. The lectures will deal with nuclear 
fuel, the general features of fission reactors, the dele- 
terious effects associated with nuclear reactors, heat 
removal and utilisation, and the control and instru- 
mentation of reactors. The lectures will be free to 
suitable students of Imperial College and to inter- 
collegiate students ; otherwise, a charge of 31s. 6d. will be 
made for the course. Those wishing to attend are asked 
to apply to the Deputy Registrar, City and Guilds 





College, Exhibition-road, London, 8.W.7. 
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ELECTRICAL INTERLOCKING OF 
RAILWAY SIGNALS AT DONCASTER. 


A NEw type of apparatus for electrically interlocking 
railway signals has been installed at Doncaster Station 
in the Eastern Region of British Railways. As part of 
the reconstruction of the station, two new electric 
signal boxes, situated at the north and south ends of 
the station, are replacing six mechanical signal boxes. 
The centralisation of control thus effected will greatly 
improve the handling of traffic through this busy area, 
which is a junction on the main lines from London to 
Leeds and York, and has important branches to 
Sheffield, Hull and Grimsby. In each box, the signalling 
is controlled from a panel operating on the route- 
setting principle in accordance with the interlocking 
practice of the former London and North Eastern 
Railway. The physical effort required from the signal- 
man is considerably reduced. For example, during the 
busy period from 6 p.m. to 9 p.m., when approximately 
134 train movements take place, two signalmen were 
formerly required to make 1,294 movements of mech- 
anical levers, which is equivalent to one every 8-5 
seconds, whereas, with the new apparatus, two signal- 
men will make 486 movements of panel switches, or 
one every 23 seconds, requiring practically no physical 
effort. 

Part of the control panel at Doncaster north signal 
box is shown in Fig. 1. As with the panel at 
the south box, it. shows, in diagrammatic on. the 
lay-out of the tracks served, with a switch key in a 
position corresponding to that of each signal con- 
trolled. The keys are either of a two-position twist 
type or of a multi-position turn-and-push ty The 
former are employed where the related signal applies 
to only one route, and the latter where more than one 
route is available. Keys of distinctive colours are 
used to discriminate between switches controlling 
“running” and “shunt” signals. Red and green 
lamps adjacent to the key indicate the signal aspects. 
Illuminated indicators are also provided to indicate 





INTERLOCKING SWITCH. 


| the position of points and the occupation of track- 
circuited sections. Lines of contrasting colours on 
the panel indicate the different track-circuit sections. 
The “wings” at each end of the panel carry the 
| train-describer transmitter and telephone equipment, 
the train-describer receivers being mounted above the 
panel. 
| The interlocking equipment is to a new design 
developed by Messrs. Standard Telephones and Cables, 
Limited, Connaught House, 63, Aldwych, London, 
W.C.2, and known as sequence-switch interlocking. 
It is stated to be the first installation of its kind in 
the world. A sequence interlocking switch is shown 
in Fig. 2, a bank of such switches being housed in a 
cubicle in each signal box. Each switch consists of a 
motor-driven shaft, which can be rotated to, and 
stopped at, any of 12 rotary positions; a number 
of discs fixed to the shaft; and ‘‘wiper”’’ springs 
bearing on opposite sides of each disc. One of the 
12 positions is the normal or “ home” position, and 
the others are allotted to 11 signal routes, all of which 
interlock. The interlocking between the 11 routes 
allotted to one switch is thus effected physically, since 
the switch can only be in one route position at a time. 
A switch is set to the required route position by oper- 
ating the appropriate panel key ; subject to no other 
switch being in a conflicting route position, the key 
actuates a switch-control relay, which energises a 
clutch connecting the switch shaft to the motor drive, 
thus causing the shaft to rotate to the required position. 
A proving relay is provided to check that the shaft has 
stopped in the intended position. Signals and points 
are operated by contacts on the sequence switches. 
One of the advantages of the system is that, as a 
result of the physical interlocking, the amount of 
——— required is considerably reduced and the 
electrical circuits are correspondingly simplified. The 
174 routes on the Doncaster :outh panel are selected 
by 39 sequence switches. 

Full facing-point, trailing-point and trapping-point 
detection is provided on all running and shunt signals ; 











but the intensive traffic made it necessary to allow 
train movements to be made up to a — with either 
its “‘ overlap ” occupied or a route set for a movement 
which would foul the overlap. Under these conditions, 
the clearing of the rear signal is delayed until the train 
has approached to within approximately 200 yards. 
Once an unrestricted clear signal has been shown, no 
movement which would foul the overlap of the signal 
ahead can be made. Subsidiary signals are used for 
movements into occupied sections, the main aspect 
being used when the section is clear. Movements 
between the north and south boxes are controlled by 
acceptance switches in the forward box, those for right 
direction movements having “ free’ and “ restricted ” 
positions depending on whether the overlap is clear or 
not. All signals are “approach back-locked,” the 
approach sections being of such a length that no route 
can be restored if a train has passed the outermost 
warning signal. The approach locking, which becomes 
effective when the signal clears, is released by the 
occupation of the first track circuit past the signal. 
Sectional route locking is employed to hold the points 
once the signal switch has been restored. All points 
are normally restored, and direct point interlocking is 
provided to cover operation by the individual keys. 
Signal-selection circuits are operated by 12-volt direct 
current, and point-control circuits by 24-volt direct 
current. 

Main running signals are of the searchlight type, with 
12-volt current for operating the coloured screens, and 
6-volt 6/9-watt independent double-filament — 
The auxiliary filament is brought into use automatically 
in the event of failure of the main filament. Auxiliary 
yellow units, fitted with 6-volt 12/16-watt lamps are 
provided where double-yellow aspects are required. 
Short range multi-unit type signals are used for bay- 
platform starters and miniature multi-unit type for 
movements to “ no-block” lines. Shunt and subsidi- 
ary signals are of the floodlit solenoid-operated disc 
type working on 110-volt direct current. Signals con- 
trolling main-line running junctions are fitted with 
junction indicators, the control circuit being arranged so 
that, should more than two of the five lamps burn out, 
the signal will not clear. For low-speed movements, 
music-hall type route indicators are used, giving a 15-in. 
indication. Where required, shunt signals are fitted 
with stencil-type indicators giving a 44-in. indication. 

All points are operated by 110-volt direct-current 
quick-acting point machines, with the lock and detector 
incorporated in the machine for all plain leads. Slip 
and three-throw points are fitted with a lock and 
detector in the “ four-foot,” between the rails. One 
machine is used to work a facing and trailing or double- 
trailing connection, the rodding to the far end being 
connected to the bolt drive of the machine. Separate 
two-slide detectors are fitted to the trailing ends. 
Operation of the point machines is controlled over 
interlocking self-latching relays, so that power is kept 
on to the machine although the control circuit may have 
become disconnected. Direct-current track circuits 
are employed throughout, with direct rectifier feed. 
In order to obtain the quick “ drop-away ” necessary 
for route-locking purposes, the 10-ohm relays have 
their coils connected in parallel with a 2-ohm resis- 
tance in series. 

Owing to the complexity of traffic movements at 
Doncaster it was decided that manual transmission 
and cancellation should be employed for the train 
describers. Train descriptions are initiated at the 
outlying boxes and transmitted to the north or south 
signal boxes on the appropriate lines. The north box 
can, on receiving a description, re-transmit it to the 
south box on any line which is available to the train 
concerned, by the operation of one push-button. 
Similarly, south box can re-transmit to north box. 
Trains leaving Doncaster are described forward to the 
first outlying box by block bell. The numerous types 
of trains and destinations to be dealt with made it 
necessary to use a three-unit code if an excessive number 
of descriptions was to be avoided. The description of 
any train is, therefore, made up as follows: first, a 
display of the standard block bell code by which it 
would normally be described ; second, a letter or letters 
indicating the destination; and third, the letters 
“S$” or “ T ” indicating whether the train is booked to 
stop or run through. Thus, the description of an 
express passenger train to Leeds, stopping at Don- 
caster, would be described as “4 L.S.” A simple 
form of describer giving destination only is provided 
for the goods lines between the north and south boxes, 
and supplementary describers showing the destination 
of each one of a group of light engines are provided 
between Bridge-Junction and Doncaster south signal 
boxes. 

Enginemen’s telephones are provided at most running 
signals, giving direct communication to the control 
panel, Illuminated stencils indicate to the signalman 
the signal from which the call is being made, and the 
circuits are arranged so that he can be connected to 
only one engineman’s telephone at a time. Also on 
the telephone wing of the panel are five intercom- 
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munication circuits for station staff and yard shunters. 
These are four-point circuits with “ secrecy ” - 
tion, but the signalman has a special priority Costes 
which enables him to seize a circuit a ly engaged 
by two outside stations. All other telephone and 
telegraph circuits are connected to a cordless switch- 
board on the booking-boy’s desk. A transfer key is 
provided to enable any call to be switched on to the 
signalman’s handset when desired. A microphone and 
loudspeaker are provided, which the signalman can 
use instead of the handset should he wish to converse 
while operating the panel. 

A 400-volt three-phase supply is taken from the 
Doncaster plant substation to a power house situated 
near the south box. Duplicate Scott-connected trans- 
formers convert this to 660-volt two-phase current for 
distribution throughout the system. A Diesel-driven 
25-kVA generator is provided for emergency use, and 
is started up automatically in the event of failure of 
the main supply. This set is capable of taking over full 
load within 10 seconds of the failure of the main 
supply, and is equipped with synchronising gear to 
enable the load to be transferred back to the mains 
without further interruption. Metal rectifiers, in 
duplicate, with automatic regulators, charge a 65-cell 
250-ampere-hour lead-acid battery for point-machine 
and shunt-signal operation. Additional metal recti- 
fiers, located in each signal box, provide the direct- 
current supplies for interlocking and control circuits, 
train describers, telephones, etc. Main-supply failure 
and fuse-alarm indicators, both audible and visual, are 
provided in each signal box. 

ing a typical 24 hours of traffic 519 trains will be 
dealt with by the new Doncaster south box, the maxi- 
mum number passing in an hour being 35. The south 
box was brought into use on Sunday, January 9, 
and the north box is expected to come into operation 
within the next few weeks. 





WORKING OF COPPERS 

CONTAINING BISMUTH.* 

By A. P. C. Hattowss, B.Sc., A.I.M. 
(Concluded from page 7.) & |» 


On the whole the non-arsenical coppers appeared 
more sensitive to bismuth embrittlement than 
the arsenical copper:, though this was somewhat at 
variance with the behaviour of the coppers in tube 
drawing. In neither the arsenical nor the non-arsenical 
series was there a single instance of cracking of annealed 
tubing containing 0-0026 per cent. bismuth or less ; 
the same amount of bismuth was permissible for any 
of the severe cold-working operations in manufacture. 

Duplicate specimens from tubes containing up to 
0-003 per cent. bismuth, annealed at 600 deg. C. before 
further drawing. were annealed for 30 minutes at 
(a) 550 deg. C and (5) 600 deg. C. and quenched. Single 
specimens from tubes annealed at 550 deg. C. prior to 
redrawing were re-annealed for 30 minutes at 550 deg. C. 
and quenched. Every sample passed the flattening 
and doubling test without cracking. 

Tubes with up to 0-003 per cent. bismuth were 
tested by bending in the “ quarter-hard ”’ condition, 
in which temper tubing is normally supplied for such 
purposes as domestic water services. Tubes annealed 
at 550 deg. C. during manufacture were re-annealed at 
the same temperature, quenched, and hollow sunk 
0-031 in. on the diameter; 30-in. lengths of these 
“* quarter-hard ” tubes were bent through 90 deg. over 
a 1-75-in. radius in a standard tube-bending machine. 
All the tubes were successfully bent without cracking. 
Hot bend tests were also made at 550 deg. C. Twelve- 
inch samples from each “* quarter-hard ” tube were filled 
with sand and annealed for 1 hour at 550 deg. C. ; each 
was rapidly removed from the furnace and bent through 
90 deg. on a heated former of 1-5-in. radius. The tubes 
of highest bismuth content (0-003 per cent.) in both 
the arsenical and non-arsenical series cracked during 
these tests. Tubes containing 0-0025 per cent. bismuth 
passed the test. 

The preceding Sections have been concerned pri- 
marily with hot-working and annealing temperatures, 
but other features of annealing practice which have 
been shownt in small-scale laboratory tests to influence 
the degree of embrittlement of deoxidised bismuth- 
bearing coppers are the annealing atmosphere, the rate 
of cooling from the annealing temperature, and transfer 
of bismuth from copper of higher bismuth content to 
copper of lower bismuth content during annealing. 
Experiments were made, using the coppers produced 
in the works trials, to examine the influence of these 
variables. It has already been shown that thin strips 





* Communication from the British Non-Ferrous Metals 
Research Association, London, entitled “‘ The Working 
Behaviour of Phosphorus-Deoxidized Coppers containing 
Bismuth,” presented to the Institute of Metals. Written 
discussion is invited by the Institute. Abridged. 

t See Jl. Inst. Metals, vol. 73, page 323 (1947). 





(0-03 in.) of non-arsenical copper are less brittle after 
annealing in air (in the brittle range) than after bright 
annealing, but that the effect is not perceptible with 
thicker-section specimens (0-4 in.). In the present 
work, both arsenical and non-arsenical coppers were 
tested and were found to behave similarly, the oxidising 
atmosphere having some beneficial effect on the thin 
strips, but no effect which could be attributed to the 
annealing atmosphere was observed for the thicker 
sections. 

To determine the effect of rate of cooling from 
annealing temperature, notched-bar specimens were 
annealed in air at 750 deg. C. for 30 minutes and cooled 
(a) by quenching in water, (6) by withdrawal from the 
furnace into the air, and (c) by cooling slowly in the 
furnace. The air-cooled specimens were wired together 
into two bundies with about 12 specimens in each, so 
that their rate of cooling would more nearly approach 
that of a larger object ; the specimens cooled in the 
furnace were in the brittle range between 700 and 
400 deg. C. for 2} hours and were cooled from 400 deg. C. 
to room temperature in a further 10 hours. Quenching 
from 750 deg. C. produced ductile material throughout 
the whole range of bismuth contents used (with the 
exception of the highest in the arsenical series, 0-0092 
per cent.), but slow furnace cooling induced embrittle- 
ment when the bismuth content exceeded about 0.0025 
per cent. in both the arsenical and non-arsenical series. 
Although the notched-bar values were still high, 
particularly in the arsenical coppers, all values under 
about 95 ft. lb. provided specimens broken on impact. 
Air cooling of these fervent nace masses gave lowered 
test values when the bismuth contents were greater 
than about 0-006 per cent., non-arsenical, and 0-0035 
per cent., arsenical. It is concluded that deoxidised 
coppers containing not more than about 0-0025 per 
cent. bismuth are ductile after annealing at 750 deg. C. 
irrespective of the rate of cooling. Coppers with bis- 
muth contents in excess of this should preferably be 
quenched. 

In the earlier work* bismuth-free copper was em- 
brittled by transfer of bismuth from coppers containing 
0-075 and 0-1 per cent. bismuth, and the present tests 
were designed to show whether this effect occurred on 
annealing in proximity to coppers of lower bismuth con- 
tent. Strips of deoxidised bismuth-free copper, 0-03 in. 
thick, were annealed in a 95:5 nitrogen-hydrogen 
atmosphere, separated from, but in close proximity to, 
similar deoxidised copper strips containing 0-01 per 
cent. bismuth. Reverse-bend test results showed that 
bismuth transfer and embrittlement occurred in both 
arsenical and non-arsenical coppers and confirmed that 
this effect can have practical significance in bright 
annealing thin sections near others having bismuth 
contents of the order discussed in this paper. Rela- 
tively thick pieces of copper of different bismuth 
content annealed in air showed no transfer effects. 
Arsenical and non-arsenical notched-bar specimens of 
deoxidised coppers containing 0-005 per cent. bismuth 
showed no change in their test values after annealing 
while stacked between, and completely surrounded by, 
similar specimens containing 0-01 per cent. bismuth. 

The principal conclusion drawn from this work is 
that modification of annealing practice on the lines 
indicated by present knowledge of the mechanism of 
bismuth embrittlement raises the limiting bismuth 
contents beyond those at which failures may occur 
using normal methods of fabrication. Notably, a rela- 
tively high intermediate annealing temperature, fol- 
lowed by quenching, permits successful cold working 
of materials which would otherwise fail. 

Detailed conclusions are as follows. Dealing first 
with hot working. Hot rolling at 820 deg. C. or higher 
is practicable with up to and including 0-03 per cent. 
bismuth; higher bismuth contents cause cracking. 
At lower rolling temperatures, severe cracking occurs 
with lower bismuth contents, such as 0-015 per cent. at 
550 deg. C. and 0-005 per cent. at 500 deg. C. Hot 
piercing is satisfactory at 900 deg. C. with bismuth 
contents up to and including 0-0075 per cent., and only 
slight (tolerable) cracking occurs with 0-01 per cent. 
bismuth. Hot bending at 550 deg. C. is satisfactory 
with bismuth contents up to and including 0-0025 per 
cent. From analogy with the cold-working behaviour 
of annealed and quenched material, it is likely that 
higher bismuth contents would be tolerable in bending 
at higher temperatures, such as, 0-005 per cent. at 
700 deg. C. and 0-007 per cent. at 750 deg. C. 

Turning now to cold working. Cold rolling of chill- 
cast materials is satisfactory with up to and including 
0-01 per cent. bismuth ; higher bismuth contents cause 
slight edge cracking, but annealing and quenching from 
900 deg. C. raises the permissible limit to approximately 
0-03 per cent. The cold-rolling properties are thus 
relatively insensitive to bismuth content, and it is likely 
that bismuth limits for practical purposes will be 
determined by considerations other than rolling 
behaviour. Tube drawing and the associated severe 
tagging operations are satisfactory with bismuth con- 





* See Jl. Inst. Metals, vol. 73, page 323 (1947). 








tents up to and including 0-0075 per cent., provided 
that the materials are annealed at and quenched from 
750 deg. C., both before working and at intermediate 
stages. Materials annealed at and quenched from 
650 deg. C. behave satisfactorily with up to and includ- 
ing 0-0025 per cent. bismuth, and the same limit applies 
for materials annealed at 550 and 600 deg. C. 
Judging by the behaviour in flattening and doubling- 
over tests, material annealed at and quenched from 
high temperatures during manufacture will be re- 
embrittled if after further cold work t is subsequently 
annealed at and quenched from lower temperatures. 
Cold bending of ‘‘ quarter-hard”’ tubes, annealed at 
550 deg C. during processing, presents no difficulty with 
bismuth contents up to and including 0-003 per cent., 
and it is likely that considerations of tube-drawing 
behaviour rather than of cold-bending behaviour will 
fix the tolerance limits for materials destined for tubes. 

Finally, a brief consideration of annealing procedure. 
Oxidising annealing atmospheres reduce bismuth em- 
brittlement to some extent in relatively thin-section 
materials, such as 0-03 in. thick, but the effect is not 
large and is unlikely to be of practical use in view of 
the obvious objection to such treatment of thin material. 
mye cooling after annealing is essential if the benefit 
of high-temperature annealing is to be fully realised, 
and quenching is necessary unless the material is of 
sufficiently thin gauge to cool rapidly in air. Bismuth 
transfer can occur to coppers of thin section (such as 
0-03 in. thickness) from closely adjacent copper of 
higher bismuth content when annealing is carried out 
in bright-annealing atmospheres. This possibility 
should be borne in mind, although there is no evidence 
that it is of practical significance under industrial con- 
ditions and with the bismuth contents normally 
encountered. 

In conclusion, a few practical recommendations may 
be given. Severe hot work should not be performed in 
the temperature range 400-700 deg. C. with bismuth 
contents of 0-002 per cent. or more. Relatively mild 
work is practicable in this temperature range with 
contents up to and including 0-003 per cent. Tempera- 
tures appreciably above this range, suth as 750- 
900 deg. C., are recommended for materials of higher 
bismuth content, or where the working operation is 
severe, Cold work should be preceded by annealing at 
relatively high temperatures and quenching, the anneal- 
ing temperature required varying with the bismuth 
content of the copper and the severity of the working 
operation. For example, severe cold work should be 
preceded by annealing at and quenching from 
650 deg. C. for material containing up to 0-0025 per 
cent. bismuth, and 750 deg. C. for material containing 
from 0-0025 to 0-007 per cent. bismuth. Temperatures 
about 50 deg. C. are permissible if only mild cold work- 
ing is to follow. 





THE FARADAY LECTURE.—The subject of this year’s 
Faraday Lecture of tLe Institution of Electrical Engi- 
neers is “‘ Television.’’ The lecture has been prepared 
by Sir Noel Ashbridge, director of technical services, 
and Mr. H. Bishop, chief engineer, British Broadcasting 
Corporation, and will be delivered in London at the 
Central Hall, Westminster, on Wednesday, February 16, 
at 6.30 p.m. Admission will be by ticket, which can be 
obtained from the Secretary of the Institution, Savoy- 
place, Victoria Embankment, London, W.C.2. The 
lecture will also be delivered in various provincial towns. 


PERMANENT-WAY WORK IN 1948.—During 1948, the 
London Midland Region of British Rai'ways renewed 
693 miles of track, which is considerably greater than 
any previous year’s work. The principal materials used 
were 95,000 tons of new rails, 1,000,000 sleepers, and 
613,000 cub. ft. of crossing timbers. The prefabricated 
method was employed for 76 miles of track, the iongest 
individual length completed in a day being 2,460 yards 
in 10 hours; one length of over 2,000 yards was 
completed in 6 hours. The Hallade track-alignment 
recording machine, which was used over 4,200 miles of 
track, enabled 116 miles of track to be realigned. 





ALMANACS AND CALENDARS.—We have received tear- 
off wall calendars with two months on each page from 
Messrs. K.L.M. Royal Dutch Airlines, Sloane-street, 
London, S.W.1; Messrs. Die Casting Machine Tools 
Limited, River Works, 152, Green-lanes, London, N.13 ; 
and the promoters of the 1949 Engineering and Marine 
Exhibition, Olympia, London, W.14. A daily tear-off 
wall calendar has come to hand from Messrs. B. Levy 
and Company, 1-5, Osbert-street, Vincent-square, Lon- 
don, S.W.1, and another, showing the whole year on 
one sheet, has reached us from Messrs. The New Insu- 
lation Company, Limited, Gloucester. Messrs. The 
Wellman Smith Owen Engineering Corporation, Limited, 
Parnell House, Wilton-road, London, S.W.1, have sent 
us @ large tear-off wall calendar showing the preceding, 
current and following months on each page. This 
calendar contains twelve reproductions in colour illus- 
trating the use of the firm’s equipment in steelworks. 
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Fig. 2. TorsBinE WHEEL AND IMPELLER. 


TURBO-BLOWERS FOR DIESEL 
ENGINES. 


Tue benefits to be gained by pressure-charging 
Diesel engines are well known. In the past, however, 
progress in engine design has been limited by avail- 
able materials and, as a consequence, increase in 
combustion pressures has always kept in advance of 
the ability of the engine to sustain the increased 
temperatures and loadings. The improved materials 
made available during the past twenty years or 80, 
however, have overcome this disadvantage to a large 
extent, and the loads imposed by pressure charging no 
longer are of so much significance. Owing to the high 
pressures already existing in naturally-aspirated en- 
gines, the use of mechanically-driven compressors has 
the disadvantage that a considerable amount of power 
is absorbed in driving the compressor. The tendency 
has been, therefore, to produce turbine-driven pressure 
chargers operated by the exhaust gases, as considerable 
increases of engine outputs can be obtained by this 
method without creating adverse conditions in the 
engine due to high exhaust back pressures. Hitherto, 
the development of turbo-blowers, as they are generally 
termed, has been left to Continental and American 
firms, and although turbo-blowers have been manufac- 
tured in this country, they have been produced usually 
under foreign licence. This state of affairs has now 
been altered, as Messrs. D. Napier and Son, Limited, 
211, Acton-vale, London, W.3, announced recently 
that they are manufacturing a range of turbo-blowers 
of their own design, which, it is understood, are the first 
entirely British units to be built. 

The blowers have been designed to increase the 
output of Diesel engines with naturally-aspirated ratings 
of between 180 and 1,400 brake horse-power by some 
50 per cent., using a single unit. Engines of greater 
pew may be pressure charged by using two or more 

lowers, each one serving a separate group of cylinders. 
By correct matching with the engine, this power 


increase can be obtained with a boost pressure of 5 lb. 
per square inch, but if the engine is capable of with- 
standing the higher loadings imposed, the blowers may 
be run continuously at a delivery pressure of 7} lb. per 
square inch, while the pressure may be increased to a 
maximum of 8} lb. per square inch for the duration of 
one hour. Four units are available, designated 
TS 100, 200, 300 and 400, respectively, the free air 
consumption of which varies from between 52,000 and 
85.000 cub. ft. per hour for the TS 100 model, to between 
215,000 and 340,000 cub. ft. per hour for the TS 400 
model, the figures applying to a boost pressure of 5 Ib. 
per square inch. In general, however, the construction 
of the units is similar throughout the range, and 
the photograph of the TS 200 model reproduced as 
Fig. 1, on this page, will serve to indicate the general 
appearance of all models. The unit consists of a single- 
stage axial-flow exhaust-gas turbine, arranged to drive 
a centrifugal compressor, the turbine wheel and rotary 
element of the blower being fitted to a common 
shaft. The turbine wheel, the impeller for the com- 
pressor, and the associated shaft, are illustrated in 
Fig. 2, which shows them removed from the main 
assembly. The turbine disc is made from austenitic 
heat-resisting steel, the turbine blades being fitted 
to the periphery of the disc by fir-tree root fixings. 
The turbine blades are made from austenitic bar 
material, the manufacturing process involving rough 
and form milling, grinding and polishing. As will be 
seen from Fig. 2, the impeller is of the single-entry type. 
It has seventeen radial vanes and is machined from an 
aluminium-alloy forging, the blades being milled, 
formed, heat-treated and bent in Messrs. Napier’s own 
machine shops. The turbine shaft is machined from 
bar steel and is finish ground over all diameters and 
shoulders, the impeller being located by splines and 
the turbine disc by spigots. Each impeller, turbine 
wheel and rotor shaft is balanced individually before 
assembly and the assembly is then balanced as a whole. 
The main body of the blower is built up from four 








separate components, namely, the inlet and outlet 
casings for the turbine and compressor, the four casings 
being bolted together to form a housing for the turbine 
wheel and impeller. The turbine iniet casing, which 
can be seen to the left of Fig. 1, is a substantial Mee- 
hanite casting which provides the exhaust-gas inlet 
to a ring of nozzle blades. It will be appreciated that 
in a pressure-charged Diesel engine, it is important that 
cylinders firing consecutively should not exhaust into 
the same pipe. In order to avoid this, alternative inlet 
casings, having either two, three, or four gas inlets, 
have been made available, the turbo-blower illustrated 
being fitted with a two-entry casing. The ducts from 
the cylinders are kept apart up to the turbine wheel, 
and each duct is arranged to feed a separate group of 
nozzles. The gas-inlet connections are circular and. 
with the exception of the TS 100 model, are counter- 
bored to take a piston-ring type of expansion joint. 
The turbine outlet casing is a Meehanite casting 
and forms the support for the complete unit, the 
turbine-inlet and compressor-outlet casings being bolted 
to the two opposing faces, the unit being supported 
by two pedestal-type brackets bolted to flanges formed 
on the turbine-outlet casing. The compressor-outlet 


| casing is cast in a sea-water resisting aluminium alloy, 
| and contains the air-inlet passages and delivery volute, 


a vaned diffuser being arranged inside the compressor. 
The compressor-inlet casing is bolted to the compressor- 
outlet casing. Two alternative types of inlet casing 
are available, one of which incorporates an air filter and 
silencer, while the other is provided with a large 
rectangular flange so that it may be connected to 
suitable ducting. The air filter can be packed either 
with zinc-plated ferrules for coarse filtering or with a 
corrugated-felt element for use in dusty conditions. 
The turbo-blower illustrated, is fitted with a ferrule- 
type filter while the alternative rectangular casing is 
shown separately on the right-hand side of the illus- 
tration. 

Both the inlet and outlet casings of the turbine are 
water cooled. The front face of the turbine disc is 
cooled by air tapped from the delivery volute of the 
compressor, and the rear face of the turbine disc and 
the rotor shaft by air allowed to leak past a labyrinth 
seal machined on the rear face of the impeller. Each 
of the four main casings can be assembled in any of 
twelve circumferential positions, the interval between 
each position being 30 deg.; it is possible, therefore, 
to rotate each casing individually through 360 deg. 
Furthermore, the mounting brackets can be bolted 
to the flanges formed round the turbine-outlet casing 
in any of thirteen different positions spaced at 15 deg. 
between 0 and 180 deg. The turbo-blower, however, 
can be mounted on, or slung from, the brackets, thus 
making it possible to fit the assembly to the engine in 
various positions. 

The rotor shaft is carried by two resiliently-mounted 
ball bearings, one of which is located in an aluminium- 
bronze housing at the compressor end and the other 
in a mild-steel housing at the turbine end. The former 
bearing locates the shaft and takes the small axial 
thrust, while the latter is free to move longitudinally. 
Each bearing is lubricated separately by integral oil 
pumps fitted to the shaft on the outside of the bearings. 
Oil is prevented from leaking into the air stream and 
exhaust gases by oil seals subjected to air pressure, 
air for this purpose being bled from the delivery volute 
and led to the seals through passages integral with the 
castings. The lubrication system is designed to comply 
with Lloyd’s specification in that it will operate satis- 
tactorily with the blower tilted permanently to 15 deg. 
in any direction and temporarily to 224 deg. 

Particular attention has been paid to the question 
of maintenance. For example, the oil levels can be 
checked visually and the supply replenished when the 
unit is in operation. Accessible drain plugs are fitted, 
and all water spaces are provided with large inspection 
plates to facilitate cleaning. Zinc rods are fitted in the 
water jackets to prevent corrosion, which is a useful 
item when sea water has to be used for cooling. In order 
to obviate the possibility of incorrect assembling after 
dismantling, the oil seals have bores of different dia- 
meters, while the impeller is located on the shaft by a 
master spline. Rubbing strips are fitted to each side 
of the turbine wheel and a thrust washer is pro- 
vided for the impeller, in order to ensure that any 
rubbing which may occur does not affect the main 
castings. 

As previously mentioned, four units are available 
at present; each unit, however, is supplied with a 
range of alternative turbine wheels and associated 
shroud assemblies to suit various engines. For develop- 
ment purposes, the TS 200 model was chosen and 
initial testing was carried out iu one of the makers’ test 
houses, a sin.ple but effective combustion rig having 
been set up for this pw . In this arrangement, air 
was drawn in through ducting and forced by the 
impeller of the turbo-blower into a continuous-burning 
combustion chamber of the type used on aircraft 
engines, the products of combustion being used to 





drive the turbine. 
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LABOUR NOTES. 


i doubtedly prefer to see bigger reserves in hand before 

In a statement issued on Monday, Lord Hyndley, “te : : 
chairman of the National Coal B y yo y i he having to make large concessions. The present claim, 
ambition that the amount of deep-mined coal to be 
produced in Britain during the coming year should 
reach a total considerably in excess of the official 


210-million-ton target aimed at under the Marshall 
Plan. He gave an output of between 210 and 215 mil- 


lion tons “or more” as his personal target for the | released last week. The index number for all industries 


industry in 1949, and referred to the disappointment | was provisionally estimated by the Central Statistical 
which the Board felt that the deep-mined coal produced | Office at 127 for the month, compared with 124 for 
during 1948 should have failed to reach that year’s | June and September. 


target of 200 million tons by 3,300,000 tons. He /| on three occasions during the preceding twelve months. 


emphasised, however, that there had been a marked 


improvement in the quality of the coal mined last year | mately equal to the standard of production which was 


and said that the 200-million-ton target would have 


been passed had coal been produced in 1948 in the same | published show that, subject to certain reservations, 


state as in 1947, He explained the five-million-ton 
margin in his target by saying that it was necessary to 
get a minimum and aim at a maximum. 





Lord Hyndley referred to the relationship between 
the Board and the miners as being generally better 
than it had been, and said that there was also a sub- 
stantial improvement in the men’s morale compared 
with a year previously. Absenteeism, however, 
remained a problem of some difficulty. It was being 
very closely watched by the Board, which was also 
waiting to receive the proposals of the National Union 
of Mineworkers for dealing with the question. Un- 
official stoppages accounted for a loss of 904,200 tons 
of coal in 1948, compared with a loss of 1,643,500 tons 
in 1947 when the dispute at Grimethorpe Colliery 
occurred. Lord Hyndley estimated that an additional 
7,123,000 tons had resulted during 1948 from the 
extension of working hours and the extra shift on 
Saturdays, but it was an expensive way of getting the 
coal, on account of the overtime rates which had to be 
paid. He thought that, when the figures showing the 
net profit made by the Board for 1948 became available, 
they would disclose a balance appreciably less than 
the 5,000,000/. which had been suggested in some 
quarters. 





The National Coal Board desires to obtain a net 
increase of 10,000 miners during the coming year to 
give a man-power strength of 736,000, compared with 
726,000 at the end of last month. It may be recalled 
that the Board aimed to increase its man-power strength 
during 1948 by some 30,000 men, but was successful 
only to the extent of 8,000. The Marshall Plan pro- 
vides for the export of 23 million tons of British coal 
in 1949, against which the Government has set a target 
of 19,600,000 tons. The Government’s 1948 target of 
between fifteen and sixteen million tons was slightly 
exceeded. The Board has set up an output and costs 
committee which will tour each division in turn and 
make proposals for improving output and reducing 
costs. Increased production, by itself, could do much 
to bring down costs. Mr. T. E. B. Young, who 
received a knighthood in the New Year’s Honours List 
and who is the production member of the Board, will 
be the new committee’s chairman, other members 
will include Mr. Ebby Edwards, the Board’s labour 
relations member, and Mr. L. H. H. Lowe, the finance 
member. The committee is expected to commence its 
operations at a very early date. 





Mr. Ebby Edwards said in London on Monday that 
it was wrong to refer to arrangements which were 
being made to deduct union dues direct from miners’ 
pay packets as providing a “closed shop” in the 
industry, because a “ closed shop ” meant that union 
membership was a condition of employment. The 
Board was not proposing to make trade-union member- 
ship a preliminary to employment, but it had been 
decided that these deductions should be made when 
miners individually signed agreements to that effect. 
Negotiations between the Board and the National 
Union of Mineworkers were now well advanced and the 
union expected all the miners to sign the agreements. 





A meeting between the National Coal Board in full 
and the National Union of Mineworkers was held on 
Wednesday, when some of the men’s claims, forecast 
in the “ Miners’ Charter,” were brought forward. One 
of these was the demand for a second week’s holiday 
with pay each year. This question was understood to 
have been rejected by the Board’s negotiating commit- 
tee following union representations some weeks ago. 
Another claim put forward on Wednesday was for an 
increase of the cost-of-living allowance, at present 
2s. 8d. a shift. This amount is based on the old cost- 
of-living index which became obsolete in June, 1947. 
Under the index of retail prices, its present equivalent, 
prices are shown to have increased by 9 per cent. during 
the past eighteen months. On the strength of this rise 


an extra ls. at least, per shift. The Board would un- 


if met in full on the lines indicated, would cost approxi- 
mately 8,000,000/. annually. 





Industrial production in Britain established a new 
high record for October, according to information 


A level of 123 had been obtained 
These figures are based on 100 in 1946, which is approxi- 
maintained in industry before the war. The figures 


production appears to have increased by between four 
and five per cent. per man-year for May to October, 
1948, compared with the same period in 1947. The 
figures for all industries were 115 and 120 in September 
and October, 1947, compared with 124 and 127 in 
September and October, 1948. For mining and quarry- 
ing, they were 103 and 109 in 1947, compared with 111 
and 116 in 1948. Manufacturing industries showed 
results of 117 and 122 for 1947, as against 128 and 128 for 
1948. For building and construction, the figures were 
126 and 126 in 1947, compared with 125 and 136 in 
1948: the months being September and October, 
respectively, in each instance. The figures are adjusted 
to allow for variations in the number of working days 
in each month, but not for holidays. 





No changes in hours of work were reported to the 
Ministry of Labour and National Service in November, 
but wages continued to rise during the month. Some 
488,000 workpeople received increases in their weekly 
full-time wages, estimated at 115,000/., an average of 
nearly 5s. each. Personnel in Admiralty industrial 
establishments, women employees in other Government 
industrial concerns, and persons engaged in t 
manufacture were among the classes who benefited. 
The increases for men in Admiralty dockyards consisted 
mainly of 1s. a week on basic pay and 5s. on their indus- 
trial bonuses. Adult women Government employees 
who are paid on the engineering women’s schedule and 
those employed in the filling departments of Royal 
Ordnance factories received bonus increases of 4s. 
weekly. During the first eleven months of 1948, over 
seven and a half million wage earners received increases 
which amounted to 1,849,3001. weekly, compared with 
increases to 4,632,500 persons who shared a weekly 
total of 1,636,200/. in the corresponding period of 1947. 








The number of stoppages of work in the United 
Kingdom which were caused by industrial disputes, 
was 126 during November, according to statistics 
published by the Ministry of Labour Gazette. A 
further nine stoppages were in progress at the beginning 
of the month. 29,200 persons were involved in these 
135 strikes and a total of 88,000 working days were lost. 
The coal-mining industry was responsible for 70 of the 
month’s total, which involved 14,600 employees and 
caused the loss of 39,000 days. There were 33 stop- 
pages in the metal, engineering and shipbuilding group 
of industries with 5,200 employees affected and 
19,000 days lost. From January to November, 1948, 
1,658 disputes occurred in which 411,400 persons lost 
1,912,000 days. 





The index of retail prices rose to 109 for all items 
on November 16. For food only, the index figure 
remained stationary at 108, for the second month in 
succession. The figure at June 17, 1947, when the 
index was commenced is taken as 100. The index of 
rates of wages for juveniles rose by one point during 
November to 110. There was no alteration in the other 
classes, the figure for all employees remaining stationary 
at 107. This index is based on rates payable on 
June 30, 1947, which are taken as 100. 





Representatives of the Trades Union Congress, the 
Confederation of Shipbuilding and Engineering Unions 
and the Labour Party are expected to meet in London 
on Wednesday to consider the feasibility of nationalising 
the shipbuilding industry. A resolution from the 
United Society of Boilermakers at the Labour Party’s 
Annual Conference last May asked for the nationalisa- 
tion “immediately” of the shipping, ship-repairing 
and shipbuilding industries. This resolution was duly 
passed on to the party’s executive body and the forth- 
coming conference has resulted. These industries are 
at present in a sound condition. The shipbuilding 
industry, in particular, has well-filled order books, 
many of the projected vessels being for foreign owners. 





in costs, it is believed that the miners are asking for 


THE INSTITUTION OF CIVIL 
ENGINEERS : PRESIDENTIAL 
ADDRESS.* 


By Sm JonarHan Davtpson, C.M.G., M.Sc. 
(Concluded from page 19.) 


For some years after water from the New River 
was first supplied to London, the revenue was small, 
as many of the citizens refused to be connected to the 
mains, and between 1625 and 1631, when more than 
35,000 persons are said to have died from the Plague, 
the income still further declined. As a result, the 
value of the shares fell, and, in 1631, Charles I was led 
to dispose of his share in the undertaking to Sir Hugh 
Myddelton for a yearly payment of 5001. which is still 
paid to the successors of his various nominees under 
the title of the Crown Clog. 

The Great Fire in 1666 caused a further setback to 
the affairs of the company, but eventually proved 
to be a great advantage, as the rebuilding of London 
added considerably to the number of houses in the 
City and its neighbourhood and the shares rose in value 
until, at the end of the last century, a single share 
was worth 120,000/. As the undertaking developed, 
the yield of the springs at Chadwell and Amwell 
became insufficient to supply the demands for water, 
and, before the end of the Seventeenth Century, the 
yield from the springs was augmented by the abstraction 
of water from the River Lee at a point near the head 
of the New River. This additional supply was 
increased from time to time and, on one of these 
occasions, the company offered to pay the Lee Trustees 
double the rental for a pipe of double the diameter. 
Of this offer it is recorded that “‘ the agent of the Lee 
Company weakly consented, being so grossly ignorant 
of his business as not to know that two orifices are to 
each other as the squares of their diameter.” 

While Sir Hugh Myddelton has always been properly 
given the credit for the success of an enterprise which, 
at the time, was a bold and difficult engineering under- 
taking, it is probable that his chief responsibility lay 
in financing the scheme, which proved to be much more 
costly than had been anticipated, and in providing the 
driving force which carried it to a successful issue. 
As regard the initiation of the project, and its planning 
and execution, there is evidence to show that other 
persons are entitled to some share in the honour. The 
rt played by Colthurst in the undertaking is obscure, 
Pat it evidently was important. When, in 1606, the 
City Corporation obtained its first Act for ‘‘ bringing 
in a Fresh Stream of running water to the North Parts 
of the City of London,” the City Recorder announced 
to the House that ‘“‘they had promised they would 
submit themselves to such order for recompense to 
be given to Captain Colthurst, as the Lord Chancellor 
should set down.” This obviously was a recognition 
of Colthurst’s work in connection with the original 
proposal. 
Later, when Myddelton assumed control, it has been 
suggested that he engaged Colthurst, as a man about 
the Court, to obtain the Letters Patent from the King, 
as such means of securing grants were common in those 
days. It is certain, however, from entries in the 
accounts, that Colthurst was reimbursed for certain 
preliminary expenses and that, up to August, 1616, 
he received a weekly payment of 14 shillings. Further, 
in an agreement of 1612 between Myddelton and Sir 
Henry Nevill concerning the transfer of shares in the 
New River to Nevill, reference is made to the assignment 
to :—‘* Edmond Colthurst of the Cittie of Bathe gent in 
Consideracon of great labour and endeavour by him 
bestowed about the said worke fower parts in sixe 
and thirte parts to be devided of the said profit and 
benifit to be raised as aforesaid which this Edmond 
doth not disburse anie thinge for and toward the Charge 
of the said worke.” As the total number of shares 
held by the adventurers was only 36, a free gift of 
4 shares appears to be a clear indication that Colthurst’s 
services had been of considerable value. 
Another person who, at least in its early stages, 
played an important part in the scheme was Edward 
Wright. Wright, who was a Master of Arts and Fellow 
of Caius College, Cambridge, was a celebrated mathe- 
matician and hydrographer. He is credited with 
having devised the so-called Mercator’s Chart in use 
at the present time. It appears that he had previously 
been interested in the supply of water to London, as, 
in 1595, a Committee of the City Council was appointed 
to consider a scheme he had proposed to supply the 
East part of the City with water from the Thames. 
Clues to Wright’s connection with the New River are 
gained from two entries in the accounts certified by 
Myddelton. These occur in 1609 and are :—‘ Paid 
to Mr. Wright beforehand to be my Arts man, 
40:00:00,” and “To Mr. Wright for his 3 several] 
surveis to Amwell and back againe to Islingt, 20 :03 : 00.’ 








In these circumstances, the workpeople concerned may 
well be reluctant to try a nationalisation experiment. 
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The description of Wright as Myddelton’s “ Arts 
man” may imply that he was ible for the 
calculations, while the second entry clearly shows that 
he carried out the survey work in setting out the line 
of the New River. 

Wright’s active association with the work ended 
early, a8 the last regular entry concerning him in the 
accounts was in February, 1610, which says :-—*To 
Mr. Wright, his week’s wages, 02:00:00.” It was 
found necessary, however, to call for his assistance 
later, as an entry in September, 1611, reads :—‘‘ Tooe 
Mr. Wrighte when hee came tooe trye the leavell in 
Cheshunte p/ke, 001:00:00.” A Latin Paper in 
Gonville and Caius College, Cambridge, contains a 
passage which points to a disagreement between 
Wright and Myddelton, resulting in their parting. 

though Amwell spring has long since dried up 
and that at Chadwell Sous only after heavy rain, the 
New River still functions to bring a substantial quan- 
tity of water into London. It now conveys surface 
water abstracted from the River Lea at New en 
augmented by pumping from a number of deep wells 
along its line. Its original length of about 39 miles 
has been reduced to 24 miles by cutting out vom | of 
its sinuosities and the recent abandonment of the last 
length from Stoke Newington to New River Head. 
The present channel varies in width and depth, the 
oa averaging 18 ft, and the latter seldom exceeding 
5 ft 


Although a few towns in this country can claim to 
have had public water supplies at an even earlier date 
than Plymouth and London, while other places adopted 
schemes later, no important improvements in the 
character of the supplies, particularly as regards distri- 
bution, were made until two centuries after Sir Hugh 
Myddelton introduced the New River water to London. 
Up to the beginning of the Nineteenth Century, wooden 
pipes were still in ral use for the distribution of 
water, lead pipes of small diameter forming the con- 
nections from the mains to the houses. As the bore of 
the wooden pi seldom exceeded 7 in. and they 
were only capable of sustaining low pressures, their 
carrying capacity was small, so that a number of mains 
had to be laid side by side to convey any considerable 
quantity of water. The loss through leakage from the 
mains was great and their useful life did not exceed 
20 years, in favourable soils. Under these conditions, 
water authorities made no claim to supply water above 
the ground-floor level or to keep the mains constantly 
charged. 

The houses of the wealthy usually had cisterns, but 
the majority could boast of nothing more than a 
common water-butt in a backyard. The area of supply 
was divided into districts, to each of which was allotted 
a certain number of houses. The turncock, who was 
in charge of several districts, went round each in turn, 
opening the valves for a time supposed to be sufficient 
to fill the cisterns and butts, then shutting off and 
going on to his next district. Although each district 
was supposed to receive a supply on three or at least 
two days a week, consumers complained that they were 
often without water for a week or more. Many of 
them were driven to sinking their cisterns below 
ground level, the pressure in the mains being so poor, 
but it was generally found that the most effective 
method of obtaining a supply was to bribe the turncock. 

Such were the conditions at the beginning of the 
Nineteenth Century, before the introduction of cast-iron 
= aay and the application of steam power to pumping. 

first cast-iron pipes in London, of any size and 
length, were laid by the Chelsea Water Works Company 
in 1746, but they did not come into general use until 
about 1810. Pipes of the new material were difficult 
to obtain, as iron founders would not undertake to 
supply more than 20 pipes of 12 in. diameter in a week ; 
also, they were in great demand for gas mains, for 
which wood was useless, and there was also opposition 
on the part of some engineers who did not favour the 
provision of a constant supply, which the iron pipe 
made possible for the first time. Thomas Sim ° 
who was the engineer of the Chelsea Water Works 
Company for more than 40 years up to 1823, stated in 
evidence before a Parliamentary Committee in 1809 
= “if water was kept in an iron main, it would —~ 

80 good, particularly where the pipes are new: It 
would become so chalybeate as not to be proper for 
domestic if it remained stagnated in the 
mains.” He was also of the opinion that it would not 
be possible to keep the mains charged, as the con- 
sumers would keep the water running through their 
cisterns in summer to flush the sewers, and the turn- 

cocks would steal the water and sell it to breweries and 
distilleries. 

However, these difficulties and prejudices did not 
prevent progress. The introduction of steam power 
to pum enabled pressures to be increased so that 
ps mer could be given to the top floors of houses and 


ually the intermittent supplies were re by a 
Constant service. The'steam-driven pump allowed 
the devel t of unde d sources of 


supply, 
and a veritable boom in the provision of public es 
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pesos of rapid expansion, most su: 
ds of private companies, and to promote healthy 
competition, it was the practice of Patliament to grant 
rights of supply in the same area.to rival companies, 
or at least to define their respective areas so ocssly 
as to allow two or more authorities to operate in the 
same district. This led to much confusion; gangs of 
men belonging to different companies raced each other 
laying mains in the same streets, while canvassers went 
ahead touting for customers. Occasionally, the navvies 
sallied from their trenches, armed with picks and 
shovels, and engaged in fierce combat with their rivals. 
As a result, companies gradually found it would be 
to their mutual advantage either to amalgamate or to 
agree to divide their districts, in this way thwart- 
ing the intentions of Parliament and creating a virtual 
monopoly. 

The first attempts in this country to filter water on 
a large scale by passing it through beds of sand were 
probably made early in the Nineteenth Century by 
manufacturing firms in Lancashire and other industrial 
districts. In the dyeing and bleaching trades, it is 
necessary to have a water free from turbidity and 
colour, and, as the quantity of spring water, which 
is eminently suitable for these purposes, was limited 
in these areas, manufacturers were driven to devise 
methods of clarifying the surface waters which were 
more abundantly available. There is definite evidence 
that, in some of these private plants, the filtering 
medium was graded and arranged in layers, with the 
finest at the top and succeeding layers below gradually 
becoming coarser. This system may have resulted 
from experiment, or possibly was based on a knowledge 
of a patent, taken out in 1791, granted to James 
Peacock, architect, of Finsbury-square, then in the 
County of Middlesex, “for his Invention of a new 
Method for the Filtration of Water and other Fluids.” 

The process of filtration specified was “‘ by impelling 
the dscent of the fluid through the filtering medium, 
instead of the commoner method by descent”; and 
while, in this respect, Peacock’s invention would pro- 
bably not have been successful in practice, it is clear 
that he appreciated the essential need for grading and 
arranging the filtering material according to size. In 
his specification, he described in detail the washing, 
drying, screening, and placing of the various classes of 
sand, gravel, or other materials regularly and evenly in 
strata, the coarsest at the bottom and proceeding in 
regular order to the finest particles in the top layer. 
The filtering media were to be supported on a perforated 
horizontal division raised above the bottom of the 
filter. Peacock further specified the method of cleaning 
the filter by reversing the flow of water. 

The earliest attempts to filter water for public supply 
were made in Scotland in the Clyde valley in the early 
years of the Nineteenth Century. A start was made by 
a number of Glasgow citizens, who formed a private 
company, afterwards known as the Glasgow Water 
Works Company, and engaged Telford to advise on 
schemes which had been put forward for supplying the 
city. These schemes were five in number and included 
one put forward by Henry Bell, who later introduced 
steam navigation to this country. Telford reported 
unfavourably on all the proposals submitted to him, 
and afterwards recorded that he “ had to combat the 
phantoms of crude projects for water.” He recom- 
mended that steam-engines should be placed on the 
banks of the Clyde, at a spot about two miles above the 
city. The engines were first to raise water from the 
river and deposit it in three reservoirs, each capable of 
containing a day’s supply. These reservoirs were to 
be so placed ‘‘ that the water in passing from one to 
the other shall be filtrated’’ and, after having under- 
gone this process, the same engines, with another set 
of pumps, should force it through pipes into the city. 
Telford’s plans were approved by the directors, and an 
Act of Parliament authorising the construction of the 
works was obtained in 1806. ; 

The reservoirs were constructed, but there is some 
doubt whether at that time any filters were provided. 
It is known, however, that, either then or subsequently, 
an artificial filter ae by Telford was built, which 
consisted of a series of cells filled with sand, the water 
passing through them in succession. This filter was 
not effective during floods, when the river carried a 
large quantity of alluvial matter, and, even after the 
peak of the flood had passed, the water was highly 
coloured by drainage from the peat-mosses. Under 
these conditions, little improvement was effected after 
passing through the first cell and complaints about the 
turbid or peat-stained water were so strong that the 
directors offered premiums for new plans of filters. 
Designs submitted by Dr. Andrew Ure were adopted, 
but these also failed under flood conditions, in spite of 


extensions and alterations which were made. cess 


was finally achieved by a method suggested by James 
Watt and based on the natural conditions of the site 
on which the works were located. 

The position selected by Telford for the pumps was 
on the outside of a deep bend on the river, the opposite 








45 _ 


bank being a peninsula round which the Clyde sweeps, 
much in the form of a horseshoe. Watt’s proposal was 
that, as the peninsula appeared to be composed of 
sand and gravel, it was probable that a large quantity 
of water could be obtained there, filtered through sand 
either from the river or from natural springs, by sinking 
wells and connecting them by tunnels or culverts con- 
structed below the level of the river. Experiments 
pyoving successful, an area of land on the peninsula 
was bought and tunnelling started in 1809. As this 
scheme involved carrying the water across the river to 
the pumps, Watt designed a special form of ball and 
socket joint for a 15-in. cast-iron main, laid on the bed 
of the river. This system of infiltration galleries was 
gradually extended until, in 1831, the collecting tunnels 
had been carried round the whole river margin of the 
company’s land for a length of about 750 yards. 
Apparently, after the last extension, the quantity of 
water collected by the galleries from the river became 
insufficient, partly owing to the increased needs of the 
city and no doubt, also, to the gradual choking of the 
subsoil by silt, forin 1833 it is recorded that the resident 


eer at the works was pumping up to half a n.illion 
ely tape Be i 


to augment the quan- 
tity drawn through the subsoil directly from the river. 

Shortly after, and in the same year as the incorpora- 
tion of the Glasgow Company, a rival undertaking for 
supplying water to the city was established. The works 
of this company, known as the Cranston Hill Company, 
were similarly set up on the Clyde, at a place about 
three-quarters of a mile below the city. Here reser- 
voirs and artificial filters were constructed. Although, 
in this case, the filters appear to have been more 
efficient than those designed by Telford for the earlier 
undertaking, the new company was soon faced with 
complaints from its consumers, who objected to drink- 
ing water taken from the river at a point just below the 
outfall of the city sewers. 

Confronted with this not unreasonable objection, the 
directors consulted Thomas Simpson, of the Chelsea 
Water Company, as to the experience of the London 
companies, who also drew their supplies from a polluted 
river. Simpson reported that the water supplied by 
the London Bridge Water Works was much preferred 
to that furnished by the other London Companies 
“being by the filth certainly, as experience has con- 
vinced them here, materially improved.” The Scottish 
writer who recorded this opinion commented : ‘‘ There 
is no accounting for taste. The decided preference 
given by the citizens of London for the water raised by 
the London Bridge Works—where they enjoyed the 
full benefit of the mixture of the City drainage above 
and below Bridge, twice a day—is fully shown in the 
evidence given to Parliamentary Committees of Inquiry 
on the subject of supplying water to the Metropolis.” 

For a time the ate mistrust was allayed, but the 
Company decided to make provision for sedimentation 
before filtration and for this purpose constructed reser- 
voirs and filter-beds on an elevated site above the river, 
a change which involved the installation of steam 
pumps. At first, sufficiently satisfactory results were 
obtained from the artificial filters, but when the 
Glasgow Company started to supply water drawn from 
their infiltration galleries, not only of better appearance 
but also taken from a source free from pollution, the 
Cranston Hill directors decided to move their works to 
a point above the city of Dalmarnoch and only a short 
distance below those of the rival company. This site 
was somewhat similar to that of the Glasgow Company, 
as it was on a pronounced bend in the river, and it was 
intended to construct a similar system of collecting 
galleries along the margin of the stream. Unfortun- 
ately, the subsoil at this place proved to be highly 
impregnated with iron, so that the water tasted like 
ink and caused a heavy deposit in the pipes. 

The company, now being in a worse position then 
when on the Cranston Hill site, reverted to artificial 
filters of the type which had been fairly successful at 
the original works, but, in order to avoid pumping, the 
filters were sunk below the level of the river. Under 
normal conditions of flow in the river, these filters 
improved the quality of the water, but in flood periods, 
when the level of the ground water was raised, instead 
of receiving water from the river filtered through the 
sand above them, they became charged with water 
heavily impregnated with iron that rose from the 
substrata, and so this proved a failure. During this 

riod, a fierce competition as to rates was taking place 
a the two undertakings which caused financial 
difficulties to the Cranston Hill oy ad and eventu- 
ally, in 1838, the Acts incorporating this company were 
repealed and their property was vested in the Glasgow 
Water Company. 

Some 20 years after these two bodies of indomitable 
Scots first started their attempts to devise an efficient 
system of filtration, another pioneer joined in the quest. 
This was Robert Thom, who, besides being the owner 
of cotton mills at Rothesay, was a water engineer of 
considerable repute in his own country and on the 
Continent. In 1828, Thom was consulted by the 





Glasgow Company when the yield from their infiltration 
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galleries, first suggested by Watt, had begun to fall 
off. He recommended an extension of the same system, 
but pointed out this.could only be a temporary expedi- 
ent. Thom had been e imenting for several years 
on @ small scale with a “self-cleaning filter” in which 
the cleaning operation was effected by reversing the 
flow of water through the bed. The results were so 
successful that he “ ventured to construct the filters 
for Greenock on the same principle ” when, in 1826-29, 
he carried out important works for the supply of that 


ace. 

The filtration plant consisted of three slow sand beds, 
each 50 ft. long, 12 ft. wide, and 8 ft. deep, but there 
is some doubt as to the filtering medium employed by 
Thom. Describing them in March, 1829, the year after 
they were brought into use, he said: “‘ the water is 
made to through a body of very fine, clean, sharp 
sand of a 5 ft. deep,” but if this were not underlain 
by a thickness of coarse sand and gravel, it is difficult 
to understand how he prevented the fine sand from 
penetrating into the underdrains, particularly as he 
made provision for cleaning the beds by reversing the 
flow of water through the sand. 

Further, in the same letter, Thom summarises his 
ideas on filtration in the following words :—“‘ No filter 
without the means of removing the extraneous matter 
lodged in it by the water, can, for any considerable 
length of time, continue to produce an equal and 

iform supply of pure water. By making, indeed, the 
surface of the filter of great extent—that is, the surface 
of the sand or gravel with which the turbid water comes 
first into contact—and also making the body of the 
sand of great depth ; beginning with gravel or coarse 
sand at said surface, and gradually making it finer 
and finer as it approaches the well for receiving the 
pure water—by such means, indeed, we may construct 
a filter which will continue to produce pure water for a 
proportionably longer time; but still, unless the 
construction be such as to admit of the removal of the 
extraneous matter left by the water, it must ultimately 
cease to operate.” 

From this quotation, it is eae that Thom 
thoroughly realised the necessity of grading the filtering 
media and it is difficult to believe that he did not do so 
in the case of the Greenock filters which had been so 


recently completed. Unfortunately, his a iation 
ofthe + mane missed the one vital point and he failed 
to ac ample 


ve complete success by following the ex 
of Peacock in = arranging the order of the aad 
layers of gravel and sand that the raw water first came 
into contact with the coarsest instead of the finest 
strata. The Greenock filters were noteworthy, how- 
ever, inasmuch as they were designed for either u 

or downward flow, a principle which had been previously 
specified by Peacock. Thom also anticipated later 
methods by adding a substance, probably fine charcoal, 
to the top layer of the sand with the object of removing 
peat stain from the water, in this way, to a slight extent, 
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FILTER BEDS AT CHELSEA WATER WORKS, PIMLICO. 














Reservow's 




































































































































































Engine 
pie | = 
Nini ; 
eeual Turpentine Lane 
‘ Si bs 
Fig.5... %e fous ¥ 
| Ed 0 ( —————————— 
| oA] —$—$—___ dif 
| oO Zi ‘ 5 
ro) 
16628" ey d ce . [ ig! 
a —=> <= 1 Z \ 
\ oo Reservow + . | Service Drains < 
«! - 
3 PE: ' “6 { 
R ; 3 ac, Filter Bed 1} Iles 
| NS 1] mt Nt" 
Discharging N21: ! ri 2 ! 
Pp “Se ss a Main Drain 
! a | at 
| 3 i) J} | 
at > NI | ES : 
Filling ! =e | lop pe t—------------- 232'0"- -------------- J 
‘ ) \ 
Pipe bas aiiaekoed 162:0"- %'------> = 7 
Main Drain to Engines aes 
— —— | 
Gene) 50 o 50 100 Feet , 
“ENGINEERING” 


roducing the same effect now more efficiently per- 
ormed by activated carbon. 

Thus, for a period of more than 20 years, the Scottish 
engineers strove with only limited success to produce 
a satisfactory filter, but in 1826, the same year that 
Thom his work at Greenock, another competitor 
entered the lists. This was James Sim who at 
the time was the engineer to the Chelsea Water Works 
Company. Simpson, only 27 years of age, had suc- 
ceeded his father, Thomas Sim , a8 engineer to the 
company three years previously. 

i ce with most of the other London companies, 
the Chelsea company drew their supplies from the tidal 

rtion of the , their works being on the left 
bank of the river a short distance below the Chelsea 
Royal Hospital. The raw water was taken from the 
river into sedimentation basins from which it was 
pumped into supply, but, as the storage was insufficient 
to settle out the suspended matter carried by the 
river in times of flood, Simpson, in the ee 1826, 
began experiments in filtration and, at the begi 
of the following year, obtained permission from his 
directors to make experiments on a larger seale. His 
experiments incl upward, downward, and lateral 
flow, and also different methods of cleaning filters. 

The state of the river in the summer of the same year 
having caused anxiety to the company, “‘ the directors 
me ted some impatience and directed Sim to 
turn his whole attention to the subject.” Having 
heard that a filter-bed was at work at Glasgow, he 
was ordered to proceed there. Accordingly he made 
a journey of some 2,000 miles and examined filtration 

lants at many manufactories and some waterworks 
Lancashire, Lincolnshire, and Scotland. Before 
leaving London, Simpson left the plan of a model 
of a filter-bed to be constructed at Chelsea, so that on 
November 9, 1827, shortly after his return to London, 
he set it to work and was able to report to his directors 
at their next meeting that, after three days’s working, 
the water from the filter ‘‘ was quite clear and had 
remained so ever since.” 

Shortly after the filter was into use he described 
it in the following terms :—‘‘ It is 44 ft. square at the 
top; it is made conical, and the surface of the sand 
is about 32 ft. square ; and contains a surface of sand 
of 1,000 ft. It has been at work 45 days, and has acted 
most successfully.” On another occasion he reported 
that ‘‘the sluice supplying the Bed, regulated the 
quantity of water to be filtered at 2,000 barrels per 
diem,” which at 36 gallons to the barrel is equivalent 
to a daily output of 72,000 gallons. Later, in the 
same year, when giving evidence before a Parliamentary 
Select Committee, he added that “‘ the filter was 6 feet 
deep; a quantity of coarse gravel was then thrown 
into the bottom, and in that was inserted drains, 
built without any cement in the joints; they were 
covered with coarse gravel, then with finer gravel, 





with coarse sand, and then with finer sand, till the 
gravel was 2 feet thick and the sand 2 feet thick, 
and then the water was let in.” 

On the same occasion he was asked : ‘‘ Do you know 
the result of any similar experiments upon filtered 
water in the neighbourhood of Glasgow? Yes, they 
have a filter bed at the Cranston Hill Water Works.” 

“Is that on a similar plan to that which you have 
ad ? ” 

- plan which I have adopted is partly like that ; 
but I consider it improved by making use of a process 
which they use in the neighbourhood of Manchester, 
and that is by having a lower stratum of gravel, that 
the water may pass freely off.” 

The mention of these two places, Glasgow and 
Manchester, is the only definite evidence as to the 
plants inspected by Simpson on his journey, and it is 
not known whether, on his return, he made any 
alterations to his a plan or the arrangement of 
the filtering material. It is, therefore, uncertain if 
he had previously intended to grade and separate the 
gravel and sand or whether this important decision 
was the result of what he saw at Manchester. In any 
case, it is evident that Simpson appreciated the factor 
which, more than anything else, had baffled the 
Scottish stalwarts, and his experimental filter embodied 
all the fundamental features he later embodied in his 
first a bed. th 

While the iculars given by Simpson and Ts 
of this sine ie are sufficient to enable some idea 
of its construction to be formed, a much more complete 

of its form is provided by a drawing (Figs. 1, 2 
and 3) in the aero the Institution. It was pre- 
sented to the itution in 1923, nearly 100 years after 
it was made, by Mr. C. Liddell Simpson, a grandson of 
James Sim . Only in two respects does the 
drawing not conform strictly with the known facts and 

blished description of the filter. The plan is dated 
829, that is, two after the filter was built but, 
as it is signed ‘“‘ James Simpson, Engineer, Chelsea 
Water Works,” it is not unreasonable to assume that 
it was prepared by him as a record of his early work. 

Secondly, it shows two small elevated reservoirs 
adjoining the filter, from which the raw water was 
admitted to the filter, but of which no mention is 
found in Simpson’s various descriptions. Similar 
reservoirs, by pumping from the river, were 
provided for Simpson’s later full-scale filter, as he 
explained, in order to avoid the deep excavation neces- 
sary had the filter been constructed so that water could 
flow into it directly from the river. The provision 
of these duplicate reservoirs, the bottom of which was 
1 ft. above the top water of the filter, allowed one of 
them to be used for settlement while the other supplied 
the filter and also enabled water for filling them to be 
pumped from the river at times when it was in the best 





odie. In all other respects the drawing agreed 
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with the measurements and detail features quoted 
by Simpson, and bears the title “ Plan of an Experi- 
mental Filter Bed,” so that there can be no doubt it is 
a true representation of the historic experimental filter. 

Simpson’s phrase “it is made conical,” in his 
description of the filter, is explained by the drawing, 
which shows that it was wholly in excavation and was 
formed with its sides at a slope of 1} to 1. Its shape 
would be more correctly described as a truncated 
Pp id. The main drain, which ran down the centre 
of the bed, was rec ar, 14 in. wide by 9 in. high, 
with an arched roof. three lateral drains extended 
the whole width of the bed on each side of the main 
drain and were of similar cross-section, but only 9 in. 
wide. All the drains were embedded in the 2-ft. 
layer of graded gravel which covered the floor of the 
filter and which was overlain by the same thickness 
of sand. 

There is some indication that air relief pipes were 
carried up the sides of the bed from the ends of the 
lateral drains. The depth of water above the top of 
the sand was 15 in. e two compartments of the 
reservoir were formed by banks raised above the 
natural ground-level and were of similar shape to the 
filter. Their area at top water-level was sq. ft., 
and with a maximum depth of 3 ft, 3 in. their capacity 
was 12,600 gallons each, a sufficient to supply 
the filter at its normal tao of wedking for a little more 
than four hours. 

At the same meeting, in November, 1827, at which 
Simpson reported the success of the experimental filter 
to his directors, they at once decided that a full-size 
bed should be constructed at the Chelsea Works in 
accordance with the by the engineer, 


plan proposed 
and a month later he submitted drawings and specifica- 
tions for the construction of a filter-bed and reservoir 
at the company’s works. On January 3, 1828, the 
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tender of Mr. F. Richman, of Regent-street, was 
accepted for 6,093/. 

gy on the work was slow, the contractor meeting 
with difficulty in the supply of clay and sand, but 
eventually, on January 15, 1829, Simpson informed 
his directors that the filter-bed and reservoir were 
complete and functioning. Later in the same month, 
he reported on the successful working of the filter-bed 
and stated that, even during the inclement weather, 
the filtration had gone on under the ice, which had 
reached 6 in. in thi ; also, that the water 
produced was better than it had ever been in the 
experimental bed and had been very generally approved 
by the company’s tenants. At the same meeting, the 
company settled their account with the contractor, 
the total payment amounting to 6,7961. 10s. 0d. Thus 
was brought into being the first full-scale artificial 
filter, destined to serve as the model for the slow sand 
filter universally adopted. 

Written particulars of this first full-scale filter are 
scanty and are mainly to. be found in a contribution by 
—— to The Life of Thomas Telford, Civil Engineer, 
published in 1838. More detailed information is now 
available, o to the recent discovery, in the Muni- 
ment House of the | itan Water Board, of 
Simpson’s original design (see : 
the opposite poses) for his first 
with other drawings. wi 

tly irregular in shape, as 


they were built close up to the west 
company’s property which, on this side, was formed by 
a somewhat tortuous ditch. For this reason, the west 
compartment of the reservoir was rather than its 
fellow and the filter narrowed slightly towards the 
north. The west compartment of the reservoir was 





121 ft. in with an average width of 83 ft., the 
con quatian Galag the enno teem tay 40 athe. 


The sides of both reservoirs were battered 2 to 1, 
with a maximum depth of 12 ft. 6 in.. and the floor 
was formed by 1 ft. 6 in. of clay covered by 
6 in. of gravel mixed with lime and lin. ofsand. The 
filter was 220 ft. long, with an average width of 183 ft., 
giving a superficial area of 4,473 sq. yards, or just under 
1 acre. The walls of the filter were nearly vertical, 
but with a slight curve. They were faced with 18 in. 
of brickwork with a similar thickness of Roman-cement 
concrete behind, the whole backed up by 2 ft. of 

clay. The main drain was circular, 2 ft. 6 in. 
in diameter, while the corresponding figure for the 
service drains was 1 ft. 6 in. As the drains were 
wholly above the floor of the filter, and an equal 
thickness of gravel and sand was placed over as well 
as between the service drains, ry top surface o— 
sand presented the appearance of widely s ridges 
and ows, as doen ie Fig. 7. This Y sheeting fea- 
ture was retained by Simpson in his later filters. 

Raw water was drawn alternately from one or other 
of the compartments of the reservoir into a supply 
conduit 4 ft. 6 in. high by 2 ft. 6 in. wide, which ran 
along the south end of the filter and thence on to the 
bed ti nine pipes. After passing through the 
filtering media, it was collected by the service drains, 
which discharged into the main drain, and thence 

a regulating head tank to the pum The 
only discrepancy between this plan and n’s 
written description is that the latter mentions only one 
elevated reservoir, whereas the drawing shows the 
reservoir divided into two compartments, obviously for 
alternate use. 

Curiously, this drawing is neither signed nor dated, 
but any doubt as to its authenticity is removed by the 
drawings relating to the additional filter and reservoirs 
constructed later. These latter drawings (one of which 
Fig. 10), show that the new filter, 
duplicate Filter Bed,” was 
to be placed immediately adjoining the original bed, 
while the existing reservoir was to be and & 
“* Proposed duplicate Reservoir ”’ built alongside the two 
filters. The drawings bear the title ‘‘ Plan of Works 
referred to in Engineer’s Report, June 25th, 1835” and 
are signed “‘ James Simpson, Engineer.” The location 
and dimensions of the original reservoir and filter-bed 
shown on these drawings correspond in all respects with 
the unsigned and undated plan of the 1828-29 works. 

In Simpson’s report of June, 1835, he submitted an 
estimate of 37,2221. for new works to be carried out on 
the company’s property at Chelsea, and of this sum 
the new filter-bed and reservoirs accounted for 10,5001. 
Some delay was occasioned by the negotiations for 
acquiring the additional land required for the new 
works, and it was not until June, 1837, that Simpson 
laid before the Court the working drawings and speci- 
fication of the additional reservoirs and filter-bed. A 
month later he submitted the tenders received for 
carrying out the work but, as these were considerably 
higher than his estimate made two earlier, he was 
evidently instructed to report fi r. This he did in 
the same month, when he explained that, since his 
estimate had been made, the prices of labour and 
materials had advanced considerably. Out of 21 con- 
tractors and builders who had examined the drawings 
and specification, only four had made any tender and 
the lowest of these exceeded the estimate by 5,000I. 
The Court thereupon accepted the tender a lipam. 
Riches and Stansby, amounting to 15,845I. 

The object of the early workers on the development 
of slow sand filters was undoubtedly the clarification of 
turbid waters, and for many years the production of a 
clear water was the sole test of the efficiency of the 

But, in justice to James Simpson, it must be 
recalled that there is evidence that he at least had a 
suspicion that the filter was something more than a 
fine strainer, for in the extract from his account of the 
Chelsea filter in the Life of Thomas Telford he wrote : 
‘It must not be inferred that the process is merely a 
fine mode of straining, for something more is evidently 
effected ; an appearance resembling fermentation being 
discernible when the water is in contact with the sand.” 
However, it was not until the development of the science 
of bacteriology and its application by Frankland, Klein, 
and others to the examination of water that the true 
effects of filtration were understood. 

The slow sand filter, when properly operated, pro- 
vides both a microscopic screen and also an efficient 
biological instrument capable of removing bacteria from 
water to a remarkable Ite merits have not 
been overstated in a report by the New York Depart- 
ment of Health which described it as “‘ probably the 
most valuable single measure ever developed for the 
protection of health and has been the chief factor in the 
great reduction in typhoid in the United States.” 

The purification of water by chemical agents was 
first earried out in this country as an emergency measure 
to deal with epidemics of typhoid fever. The earliest 
example of the practical application of chlorination to 

ublic water-supplies was when Sims Woodhead used 
leaching powder to deal with the serious outbreak at 
Maidstone in 1897. More advanced methods were 











ado by Houston and McGowan in 1904-05 in 
d with a similar epidemic at Lincoln. In this 
case, the main source of the town’s suppl was the river 
Witham, which was heavily poll by the sewage 
from Grantham and other places higher up the stream. 
Other subsidiary sources were also liable to pollution. 

The Lincoln water was through slow sand 
filters before distribution, but these were inadequate in 
capacity and were improperly operated. The defici- 
ency in filtering area resulted in excessive rates of 
filtration and this was accentuated by the reprehensible 
practice of those in charge of the works of raking the 
surface of the sand from the sides of the bed for a 
width of 10 ft. when the output fell below the quantity 
required. As the central part of the bed, about one- 
half of the whole area, was untouched, the rate of 
filtration became unequal, the bulk of the water passing 
through the raked portion, while the central part 
allowed little water to pass. Chlorination was effected 
by using Chloros, a commercial preparation of the 
hypochlorite of soda. The carboys of Chloros were 
arranged so that, by siphon action, the chemical dropped 
continuously on to the water as it was to the 
filters. The filters themselves and also the filtered- 
water tank were also treated. 

The special measures taken to combat the typhoid 
epidemics at Maidstone and Lincoln were not appre- 
ciated by the consumers, who strongly objected to 
drinking what they called “doctored” water. In 
many instances they refused to use the water and, in 
the case of Lincoln, it was found necessary to afford 

lice protection to those engaged in ing the water. 
Phis popular prejudice against the chemical treatment 
of water largely continued until the special circum- 
stances produced by the war of 1914-18 brought about 
a change in public opinion. 

The most striking application of chlorination on a 
large scale was made in the military field, where the 
policy of chlorinating ali drinking water dey 

many previous campai enteric caused a 
greater Sher of cameitii an the actual fighting, 
and during the long period of trench warfare in ce 
and Belgium, with millions of men practically stationary 
on a narrow belt of country, the conditions were exactly 
those likely to cause serious outbreaks of this disease. 
The fighting man is notoriously prone, in the absence 
of a more potent beverage, to drink whatever water is 
nearest to hand, but the most questionable sources 
available in the front line were rendered safe by the 
addition of a small quantity of chloride of lime and, as 
a result, the losses due to water-borne diseases were 
almost negligible. 

At home, less spectacular but equally useful progress 
was made. To save expense and to reduce the con- 
sumption of coal, the Metropolitan Water Board, on 
the advice of Sir Alexander Houston, instead of pump- 
ing all river-derived water into their storage reservoirs 
for sedimentation, as was the usual practice, decided 
to cut out this stage of the purification process and, 
after chlorination, passed the water directly to the filter- 
beds. Thus, for some years, Londoners had been 
drinking chlorinated water without being aware of the 
fact. After three years’ experience of the process, 
Houston reported that “the chlorination treatment 
has been such a pronounced success that, as long as 
there is a clear economic gain by its use, it is most 
desirable that it should be continued indefinitely as a 
post-war measure.” This recommendation was fol- 
lowed and gradually extended, although changes were 
made in the manner of chlorination and the point of 
application. 





NOTES ON NEW BOOKS. 


Reinforced Concrete Designer’s Handbook. By Cuas. E. 
Reynoips, B.Sc. (Eng.), A.M.I.C.E. Fourth edition. 
Concrete Publications, Limited, 14, Dartmouth- 
street, London, 8.W.1. [Price 15s.] 

Tuts book, which first appeared in 1932, has firmly 

established its reputation among designers in reinforced 

concrete. Itis not a text-book, either on theory or on 
methods of construction; these are assumed to have 
been studied from other sources, and reference to them 
is limited to the essentials as they affect design. The 
general layout of the volume is much the same as in 
previous editions. The four main divisions cover 
notes on design, tables (with worked examples on the 
pages opposite), additional examples of the design of 
complete structural parts which require the use of 
several tables, and notes en specifications and quan- 
tities. The opportunity of a new edition has been 
taken to revise the older sections and te add new 
matter to bring the work up to date. This new 
matter includes tables of super-loads and wind forces, 
as the new British Standard Code of 


ified in 
Functional Requirements of Buildings; revised tables 
for the design of beams and of slabs spanning in one 
or two directions; brief notes on thin-shell vaults; 
pre-stressed concrete and jointed structures. Unfor- 
tunately, the new British Standard Cede of Practice, 
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C.P. 114, on “ The Structural Use of Normal Reinforced 
Concrete in Buildings,” was not published until the 
new edition of this book was already in the ; but 
the author has been able to incl DG aaa eae 
to show which of his tables, as — stand, meet the 
requirements of the new Code, where (in a few 
cases) allowance must be made, or another formula or 
method substituted, to bring his data into line with 
C.P.114. This useful manual will doubtless continue 
to hold its place as a work of daily reference by designers 
in reinforced concrete. 


Hot Water Engineers’ Pocket Book. Edited by A. C. 
Pattor. Heating and Ventilating Engineers’ Pocket 
Book. Edited by A. C. Patztor. George Newnes, 
Limited, Tower House, Southampton-street, Strand, 
London, W.C.2. [Price 5s. net each.} 


UNLIKE many so-called “ et” books, these two 
reference works will li ly fit in a small pocket. 
The information in the book for hot-water engineers 
is presented in tabular form with numerous drawings 
of systems and some explanatory notes. Under the 
heading “general information,” there are tables of 
heat transmission and loss, conductivities, particulars 
of iron and co pipes, etc. Numerous types of hot- 
water installations are illustrated, and there are 
separate sections on heating water by and elec- 
ase ign data include those required for the 
cal ion sizes of pipes, statistics relating to 
various demands for hot water, and other useful 
information. The Heating and Ventilating Engineers’ 
Pocket Book opens with some notes on the elementary 
theory of heat. The efficiencies, advantages and dis- 
advantages of various methods of heating, such as 
open fires, st6ves, gas and electric fires, central heating, 
low-pressure hot water, thermal storage, etc., are con- 
sidered, and formula and data for calculating heat 
requirements and losses are given. There are, inter 
alia, sections on boilers, chimneys, fuels, pipes, radia- 
tion is gi on the use of insulating materials for 
walls, etc.; although they do not form an integral 
part of a heating system, they are inseparable from a 
design point of view. 


Diesel Engine Design. By H. F. P. Purpay, B.Sc., 
A.M.LMech.E. Fifth edition. Constable and Com- 
pany, Limited, 10-12, Orange-street, London, 
W.C.2. [Price 25s. net.} 

IntTtatiy, this well-known text-book was mainly a 
treatise on the Burmeister and Wain type of engine, 
but in the course of successive editions its scope has 
become steadily wider until now, with ond yoy ofa 
“ General Survey ” cha he principal item in the 
new matter which diftbrentiates Ft from the fourth 
edition, published in 1937 but largely destroyed by 
enemy action—it has become a most serviceable guide 
to the present state of the sciegpe and art of the Diesel 
engine, almost i ive of make. Both the func- 
tioning, and the design and construction, of Diesel 
engines are discussed in great detail, with a generous 
provision of the facts and figures of experience; and 
the selection of bibliographical references bears obvious 
evidence of careful judgment. Not least among the 
book’s attractive features are the clarity and usefulness 
of the line illustrations—nearly 350 in number—and a 
literary style that is encountered all too seldom in 
technical writing. As the title indicates, the work is 
addressed to the designer rather than the user, but it is 
one which almost any mechanical engineer could read 
with some advantage. 








Mechanical Drawing. By Taomas E. Frewoce and 
Cart L. Svenszen. Fifth edition. McGraw-Hill 
Book Company, a 330, West 42nd- 
street, New York 18, U.S.A. [Price 2-80 dols.]; 

and McGraw-Hill Publishing Company, Limited, 

oe House, Aldwych, London, W.C.2. [Price 

78.) 


By no means all American text-books on mechanical 
drawing are suitable for the training and guidance of 
young British engineers, because of the different scale 
of much American engineering production, but this 
well-tested book is one of the exceptions ; the student 
who works conscientiously through it, including the 
numerous preblems, will have a grounding in draughts- 
manship that will be serviceable and marketable 
almost anywhere. The revisions in the present edition 
are extensive, and several new chapters have been 
introduced, including one on the production of drawings 
for welded work and another on aircraft drawing. 


While the treatment of isometric, perspective and 
architectural drawing is subsidiary to the main theme 
of the book, it is cient to meet the needs of most 


drawing offices. The illustrations are 
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CATALOGUES. 


Cold-Cathode Ionisation Gauge.— A new catalogue issued 
by Messrs. W. Edwards and Company (London), Limited, 
Lower Sydenham, London, 8.E.26, describes the well- 
known Edwards-Philips Model 3 cold-cathode ionisation 
gauge for messuring high vacua. 

Earth Testing Unit.—A pamphlet recently issued by 
Electro Methods, Limited, 220, The Vale, London, 
N.W.11, deals with their Terra-Tertia earth-testing unit, 
which provides a simple means of maintaining electric; | 
equipment in a safe condition. 


Centrifugal Fans.—The Standard and Pochin Brothers, 
Limited, Evington Valley-road, Leicester, have published 
a catalogue of their C.B. “‘ Variform ” centrifugal fans. 
The largest fan in the wide range available will deal with 
25,000 cub. ft. of air per minute. 


Screwing Dies and Machine Accessories.—We have 
received from esers. W. H. A. Robertson and Company, 
Limited, Lynton Works, Bedford, a comprehensive 
Catalogue of the wide range of screwing dies, machine 
keys, collars and handwheels which they manufacture. 


Paints, Enamels and Varnishes.—The works and pro- 
ducts of Messrs. Drynamels, Limited, Shaftmoor-lane, 
Hall Green, Birmingham, 28, are described and illus- 
trated in a booklet issued by the firm, who are manu- 
facturers of paints, enamels, varnishes, distempers, 
primers, etc. 


Belts.—A booklet issued by Messrs. J. H. Fenner and 
Company, Limited, Hull, entitled “‘ 85 Years of Progress ”’ 
gives a brief review of the firm’s activities. Their pro- 
ducts include V-belts, flat belts, conveyor belts, pulleys, 
friction clutches, sealing leathers, belt fastenings and 
rubber-to-metal bonded mountings. 

Factory Decoration.—A handbook on the decoration 
of the walls, ceilings, machinery, offices, rest rooms and 
canteens of factories has been prepared by Messrs. Arthur 
Holden and Sons, Limited, Bordesley Green-road, Bir- 
minghem, 9. It is in the form of an essay on suitable 
colour schemes, and contains notes on the choice of 
paints and enamels. 

High-Strength Light Alloys.—Two publications relating 
to Hiduminium (aluminium-alloy) components for the 
textile industry have been received from High Duty 
Alloys Limited, 89, Buckingham-avenue, Slough, Buck- 
inghamshire. Bobbins, bobbin trays, yarn guides and 
other componente for looms and textile machinery are 
briefly described and illustrated. 

Plate-Bending Machine.—Particulars of the Besco 
“ folding ” machine, universal model No. 318, are given 
in a leaflet issued by Messrs. F. J. Edwards, Limited, 
359-361, Euston-road, London, N.W.1. It is suitable for 
bending mild-steel sheet up to 18 s.w.g. in thickness into 
@ variety of shapes. The bending blade is 37 in. long; 
the machine is hand-operated. 


Boilers.—Messrs. Davey, Paxman and Company, 
Limited, Standard Ironworks, Colchester, have issued a 
booklet on their “ Ultranomic ” boilers. Some of the 
advantages of the design are free and vigorous natural 
circulation and maximum accessibility for inspection 
and cleaning. Typical applications in factories, brew- 
eries, laundries, and other establishments are illustrated. 


Nickel Alloys.—Messrs. Henry Wiggin and Company, 
Limited, Wiggin-street, Birmingham, 16, have sent us 
an illustrated publication dealing with current applica- 
tions for nickel alloys in modern laundry equipment, 
pickling-plant equipment and filtration plant for electro- 
Plating solutions ; and also in case-hardening boxes, as 
well as in the form of bi-metallic coils for applications 
on motor cars. 


Bench Vice.—Mesers. Wright and Weaire. Limited, 
Simonside Works, South Shields, Co. Durham, have 
introduced a novel bench vice, particulars of which 
are given in a leaflet we have received. The jaws are 
opened by depressing a pedal, and are closed under the 
action of a spring, the gripping force being adjustable 
up to 440 Ib. One jaw is swivel-mounted to conform to 
irregular shapes, and the body of the vice is mounted 
on a ball-and-socket joint. 


Aluminium-Alloy Buildings.—Messrs. Almin Limited, 
Farnham Royal, Buckinghamshire, have sent us a 
leaflet, issued by their associate company, Structural and 
Mechanical Development Engineers, Limited, Slough, 
dealing with their Alframe aluminium-alloy fabricated 
factory buildings. The publication contains an outline 
specification and drawings of the standard Alframe build- 
ing, together with erection instructions, and reproductions 
of photographs of typical buildings. 


Turbo-Alternators.—A well-illustrated pamphlet issued 
by Messrs. C. A. Parsons and Company, Limited, Heaton 
Works, Newcastle-upon-Tyne, 6, deals with the con- 
struction of the turbo-alternators made by them. The 
output of the machines described ranges from 1,000 kW 
to 60 MW, or more, at 3,000 r.p.m., and the generation 
voltage ranging from 400 to 14 kV. The mechanical 
details are similar for all machines, the main difference 








engineering 
commendably clear, and the text is liberally sprinkled 
with practical hints which add materially te its value. 


in design being the two types of stator windings employed. 
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STEAM AND AIR TURBINE 
GENERATING PLANTS. 


By R. F. Davis, M.Se., M.I.Mech.E. 


THE proposal to use an air turbine in conjunction 
with a steam-turbine plant immediately raises 
the question why such a complication should be 
advanced as a serious proposition. The answer is 
chiefly to gain greater thermal efficiency, and 
although in some circumstances other aspects of the 


with a vapour turbine, the major portion of the 
latent heat is lost, except in those special cases where 
it can be utilised for heating or process work. 

Gas and air turbine cycles working with non- 
condensing media, on the other hand, are free from 
the inconvenience of latent heat and are thus 
potentially able to achieve higher overall thermal 
efficiencies than the condensing steam cycle; in 
fact, efficiencies exceeding 30 per cent. have been 
claimed, but improvement in the efficiency of gas 
and air turbines, apart from the problematical 





discovery of economical materials to withstand 
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combination may have a special appeal, increasing 
fuel costs make the pursuit of higher efficiency a 
worth-while objective in itself. 

The main problem of the gas, air or vapour turbine 
which remains to be solved is the relatively large 
proportion of heat energy lost in the exhaust. 
For example, the efficiency attained in converting 
the chemical energy of coal into electrical energy 
by means of the condensing steam turbine, with few 
exceptions, is in the region of only 25 to 30 per cent., 
depending on the size of the plant and the propor- 
tionate capital expenditure justified to achieve better 
efficiency. The highest efficiencies are obtained by 
building for high steam pressures and temperatures 
and the lowest practicable vacua, and by incor- 
porating interstage re-heating, bled steam feedwater 
heating and smilar devices. The fact remains that 








higher inlet temperatures, is again bound up with 
the heat lost in the exhaust gases. In some cases, 
the exhaust from a gas turbine may be used to raise 
steam in a waste-heat boiler; but, in general, a 
large volume of relatively low temperature gas 
cannot be utilised effectively in this way. Another 
sink down which heat disappears is the cooling 
water used to cool the compressed air between the 
compressor stages. In the combined plant, on the 
other hand, the feed water is available as a low- 
temperature heat absorption medium and it can 
be used to cool both the air compressor and the air- 
turbine exhaust. This heat is then returned to the 
steam cycle and is thereby retained in the system, 

An air turbine is preferred for the combined cycle 
rather than a pas turbine, first because it is better 
adapted to the circuit, and second a still more 





important advantage is that it allows the use of 
solid fuel. The use of a tubular air heater to 
extract the heat from the products of combustion, 
overcomes the problem of separating the ash to 
avoid its impingement on the turbine blides since 
clean air is the working fluid. It must be emphasised 
that this proposal visualices large power plants of the 
order of tens of thousands of kilowatts capwity 
capable of running for several thousands of hours 
without interruption. 

Two cases of combined plant will be considered : 
the straight condensing steam cycle and the back- 
pressure process-steam plant. The solutions offered 
for each are different, but there are certain points 
of similarity that are common to both. In the 
classical gas-turbine circuit the air compressor is 
directly coupled to the turbine, and the effective 
electrical output from the machine is a function 
of the difference in power between the turbine 
output and the compressor input. The electrical 
output usually amounts to not more than 40 per 
cent. of the total turbine power and thus a very 
large turbine is required to obtain a relatively 
small electrical output. In the combined condensing 
plant this disadvantage is surmounted by using 
the steam turbine to compress the air, while the 
air turbine is employed solely in generating elec- 
tricity. This separation of functions also leads to 
simplification of the control and operation of the 

lant. 

' Reference to the diagrammatic representation in 
Fig. 1 of a proposed combined plant will make 
its operation clear. The steam generator A supplies 
steam through the superheater B, to the steam 
turbine C, which drives the air compressor D. The 
steam generator can be fitted with an economiser E, 
and an air heater F for pre-heating its own com- 
bustion air in the usual manner. In fact, the 
steam-generating plant, complete with its auxiliaries, 
such as forced- and induced-draught fans, is an 
independent unit and can be of any known con- 
struction. 

The compressor can also be of any known construc- 
tion and with one or more stages of compression, 
but if interstage cooling is used, the condensate 
from the steam condenser G may be fed to the 
compressor by the feed pump H as a coolant, thus 
conserving the heat of compression. The com- 
pressed air is fed by the compressor to the recupera- 
tor K where it absorbs heat from the air leaving 
the final stage of the air turbine L, The principal 
function of the recuperator is to reduce the tempera- 
ture of the exhaust air leaving the air turbine to a 
temperature suitable for admission to the feedwater 
heater M. 

Leaving the recuperator, the compressed air is 
heated to its final temperature in the main com- 
pressed-air heater N (which may incorporate 
radiantly heated tubes in the furnace) before 
entering the first stage of the air turbine. The 
compressed air heater also reheats the air between 
the two turbine stages. The air turbine drives the 
electric generator P. The exhaust air from the 
turbine, after passing through the recuperator, is 
cooled to an economic temperature by the feedwater 
heater, through which passes the feedwater on its 
way from the compressor cooler to the economiser. 
The heating of the feedwater by the exhaust air 
eliminates the necessity for feedheating by steam 
bled from the turbine. 

The steam generator and the compressed-air 
heater may be fired by solid, liquid or gaseous fuel 
by any known means. On starting up, the steam 
generator would be fired first and steam pressure 
raised in the usual manner until it was sufficient to 
rotate the steam turbine. Compressed air would 
then commence to circulate through the main 
compressed-air heater. Meanwhile, the air turbine 
could be by-passed until such time as the pressure 
and quantity of air was sufficient to allow the lighting 
up of the compressed-air heater with safety ; that 
is, when the compressed-air circulation becomes 
sufficiently great to avoid overheating of the radiant 
tubes. Finally, the by-pass can be closed and the 
heated compressed air sent directly to the air turbine. 

The rate at which fuel is fed to the com- 
pressed-air heater may be controlled thermo- 
statically by the temperature of the compressed air 
at its outlet to maintain the temperature constant 
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with varying rate of air flow. To obtain maximum 
combustion efficiency it is recommended that the 
air entering the air heaters be taken from the 
warmest portion of the interior of the boiler house, 
but the air inlet to the air compressor should be 
taken from outside the boiler house as the highest 
overall efficiency is obtained when the air enters 
the compressor at a low temperature. Approximate 
steam, gas and air quantities, together with their 
temperatures, are indicated on the diagram, Fig. 1, 
corresponding to an output of 60,000 kW. The 
calculations from which the figures have been 
extracted show that an overell thermal efficiency 
of 37 per cent. (without auxiliaries) should not be 
difficult to achieve. Assuming a modern good 
averege condensing steam plant has an efficiency 
of 28 per cent. and that a good average multi-stage 
combined plant could give 35 per cent., that would 
represent a saving of 20 per cent. in coal consump- 
tion. 

A somewhat simpler combination is possible by 
using a single-stage open-cycle gas turbine where 
clean gas or oil is the fuel. The compressed-air 
heater is then replaced by the usual combustion-tube 
furnace under pressure. The efficiency of such a 
unit would probably be about 32 per cent. 

Other advantages that follow from the combined 
plant are: (a) the steam plant is only about 37 per 
cent. of the capacity which would be required if 
steam were used alone to produce the same electrical 
output; this is likely to be a distinxt advantage 
where the provision of adequate cooling water for 
the condenser is a problem. (6) Feedwater heating 
by bled steam is not as all the heating 
can be provided efficiently by the combination of 
compressor cooling and cooling the exhaust air 
from the turbine. 

The theory of the operation of the combined air 
turbine and back-pressure process-steam plant has 
been examined in great detail by W. Karrer.* The 
special conditions under which the back-pressure 
combined plant operates with maximum advantage 
are, however, somewhat limited. In many indus- 
tries low-pressure steam is required either for direct 
consumption in a process or as a heating medium. 
Where electrical power is also required, it has been 
proved very economical first to use this steam for 
generating purposes by means of a back-pressure 
turbine. This is done by raising the pressure and 
temperature of the steam above that needed for 
process requirements and extracting the extra heat 
thus required by a back-pressure turbine. Since 
there is, in effect, no condensation loss to be credited 
to the turbine, the extra energy is utilised with an 
efficiency of 80 to 85 per cent. When, however, the 
power demand is greater than can be supplied 
by the process steam (since there is a practical 
limit to which the pressure and temperature can 
be raised) extra steam must be generated, and 
this supplementary steam condensed without using 
its latent heat, which is lost. This is the principle 
of the pass-out condensing turbine. The efficiency 
of production of the extra power falls to the order 
of 25 per cent., and it is at this stage that the 
combined scheme offers a better efficiency; pre- 
supposing that a back-pressure set is already at the 
practical limit of its output capacity for the specified 
quantity of process steam. 

For the purpose of illustration attention will be 
confined to the simplest possible combined scheme, 
utilising only the combustion air, and with an 
uncooled compressor. If the condensate from the 
process steam is at too high a temperature to be of 
use in cooling the compressor, this latter arrangement 
avoids waste of the heat of compression, which then 
remains in the circuit and is available for performing 
useful work. This is the condition that has been 
assumed in the following example. In principle, 
the idea is again somewhat similar to the back- 

steam cycle, but applied in this instance 
to the air used for combustion, which is raised in 
pressure and temperature and the extra energy 
then extracted by an air turbine before the exhaust 
air is used for combustion. In this way, nearly 
50 per cent. increase in electrical output can be 





* “ The Gas Turbine as a Means of Securing Additional 
Output of Power.” Fuel Economy Conference of the 
World Power Conference, The Hague, 1947, Section C2, 
Paper No. 13. 


obtained. It has been shown by Karrer that a 
proportionately larger increase in output is possible 
by employing an excess of air above that needed for 
combustion, providing the conditions are such that 
the extra exhaust air can be cooled efficiently by the 
feedwater ; otherwise the efficiency falls off with 
increase in the amount of power thus produced. 

For the small industrial plant with a back-pressure 
turbine it is preferred to incorporate the compressed- 
air heater in the boiler unit and to employ the classi- 
cal arrangement of an air turbine coupled to the 
compressor. Fig. 2, page 49, shows diagrammati- 
cally the proposed arrangement of the plant. The 
boiler A supplies steam through the superheater B, 
to the back-pressure turbine C, which drives the 
electric generator D. The exhaust steam from the 
back-pressure turbine passes to the process or heat- 
ing plant E. The condensate from the process passes 
through the feedwater heater F (where it is heated 
by the exhaust turbine air) to the boiler economiser 
G. The air for combustion is supplied by the 
compressor H and passes through the recuperator J 
(where it picks up heat from the exhaust air) to 
the primary air heater K. The final air heating 
is done in the secondary-air heater L, following 
which the heated compressed air goes to the air 
turbine M which drives the compressor and also the 
generator N. The exhaust air from the turbine is 
cooled, first by the recuperator and finally by the 
feedwater heater, to a temperature suitable for the 
combustion apparatus of the boiler. 

As no forced-draught fan is fitted, a small 
auxiliary motor must be used to start up the 
compressor and provide air for combustion during 
the pressure-raising period. To facilitate this, an 
air turbine by-pass valve P is indicated. Another 
by-pass valve Q, across the primary air heater, can 
be used to control the final air temperature to the 
turbine. Approximate figures are again given on 
the diagram for steam, air and gas weights, also 
temperatures, all related to a process steam demand 
of 50,000 Ib. per hour. For the conditions assumed, 
the electrical output from the back-pressure turbine 
is 2,050 kW and from the air turbine 940 kW. 
As explained above, the output could be increased 
still further by using in the air turbine extra air 
in excess of that required for combustion. 

The efficiency of production of the 940 kW 
generated by the air turbine must be considered in 
relation to the extra fuel consumed to provide the 
extra heating and compression of the air; also 
allowance must be made for the feedwater tempera- 
ture to the boiler having changed from 150 deg. F. 
to 230 deg. F. by virtue of this extra heat in the air. 
Assuming the boiler efficiency to be unaffected by 
the addition of the air-turbine circuit, the author’s 
calculations indicate that an efficiency of 70 per 
cent. would be obtained for the production of the 
940 kW by the air turbine. It may be argued, 
however, that, due to the higher feed temperature 
of 230 deg. F. to the economiser with the combined 
scheme, the boiler exit gas temperature will be 
higher, and therefore the boiler efficiency 2 per cent. 
less than with the original feed temperature of 
150 deg. F. Making due allowance for this possi- 
bility, the efficiency of the air-turbine cycle would 
then be about 52 per cent., compared with, say, 
25 per cent., if the extra 940 kW had been produced 
by a condensing set at the same operating pressure 
and temperature as the back-pressure turbine. 

The above are based-on the gross calorific 
value of the coal. No allowance has been made for 
the power consumption of auxiliaries, but since no 
forced-draught fan is needed with the combined 
scheme, the comparison would again be in its favour. 
The difference in pressure ratio between the turbine 
and the compressor provides ample margin for 
overcoming the resistance of the air circuit. 

From a theoretical viewpoint the advantage 
of the combined steam and air cycle would appear 
to be a significant gain in overall thermal efficiency. 
Against this must be debited the drawback of 
having to incorporate plant in a power station differ- 
ing in character from the familiar steam plant and 
possibly requiring extra operating personnel; the 


additional plant, however, is not entirely novel in 
itself, the novelty consisting in its combination with 
the steam cycle. The possibilities of this type of 





combination, nevertheless, appear to be practicable 








and to warrant further and more detailed study, 
but demonstration of its actual operating charac- 
teristics could only be ascertained by the installation 
of a pilot plant. The opportunities for advan- 
tageous application of the combined cycle to a back- 
pressure industrial plant are likely to be rather 
limited. The most important application of the 
system would appear to be with the condensing 
cycle for large-scale power production. 

The fact that other types of combined plant 
employing a condensing set with a gas turbine 
have been proposed to work at a much higher gas 
pressure than suggested here has not been over- 
looked ; but such systems as, for instance, the 
French equi-pressure cycle, must at present be 
considered to be of a far more experimental nature, 
and the latter incorporates entirely new concep- 
tions of compressor and boiler. 
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Soil Mechanics in Engineering Practice. By PROFESSOR 
K. TERZAGHI and Proressor R. B. Peck. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York, 16, U.S.A. [Price 5.50 dols.]; and Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 33s. net.] 

Ever since 1943, when Professor Terzaghi published 

his Theoretical Soil Mechanics, engineers interested 

in this subject have been waiting for his book on 
practical soil mechanics which, it was stated, was 
to follow. Many practising civil engineers who 
found the theoretical work abstruse and difficult 
to follow will find this new book much more straight- 
forward ; in fact, it is most readable. Many of the 
fundamental concepts of modern soil’ mechanics 
have emanated from Professor Terzaghi and his 
publications are always read with interest. Professor 

Peck is best known for his work on earth-pressure 

measurements in open cuts made in the Chicago 

Subway. This is their first joint publication and it 

is clearly an outstanding one. The book is divided 

into three parts, Part A dealing with ‘* Physical 

Properties of Soils,” Part B with ‘‘ Theoretical Soil 

Mechanics,” and Part C with ‘‘ Problems of Design 

and Construction.” Each part comprises a number 

of chapters, further divided into sub-sections. 

Part A describes many of the well-known labora- 
tory soil tests, laying stress on the significance of 
the tests rather than on the technique of carrying 
them out ; for example, the description of the liquid 
limit test is rather too concise to be used as instruc- 
tions by a novice carrying out the test, but he 
would be in no doubt as to why this particular test 
is made. This is also the case with many of the 
other tests described and it may be presumed that 
such details, readily obtainable elsewhere, were 
omitted to make room for the more valuable 
information which is included. The three chapters 
in this part are devoted, respectively, to the index 
properties of soils, their hydraulic and mechanical 
properties, and to soil drainage. Part B contains 
the essentials of theoretical soil mechanics, although 
in considerably less detail than in Professor Ter- 
zaghi’s earlier book. Complicated mathematical 
derivations, of interest only to the research worker, 
are omitted, but the contents of this section will be 
sufficient for the needs of most engineers. This part, 
also, has three chapters, dealing with plastic equili- 
brium in soils, settlement and contact pressure, 
and the hydraulics of soils. 

Part C, describing problems in design and con- 
struction, provides the most interesting reading of 
the three parts of the book. It is suggested that this 
section should be read first, using the other two 
only for reference, where more detailed theoretical 
information is required. Examples are given from 
the authors’ consulting experience, from sites all 
over the world to illustrate every aspect of founda- 
tion engineering. The subject of foundation design 
has been a very inexact science until comparatively 
recent times, and it is only in the past 25 years or so 
that the subject of soil action has become better 
understood. This book shows how far the subject 
has advanced from the days when soil was treated 
theoretically as an “ ideal” material ; the approach 
is not over-complicated, but uses common sense 
and empiricism, as well as theory, in the field where 
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the soil profile may be far from “ perfect.” This 
section broadens the whole subject of soil mechanics 
from. @ theoretical academic issue to one of a very 
practical nature, explaining in detail how such 
fundamental properties as bearing capacity and 
differential settlement can be determined with 
considerable accuracy. There are four chapters, 
entitled ‘‘ Soil Exploration,” “‘ Earth Pressure and 
Stability of Slopes,” “‘ Foundations ” and “ Settle- 
ment Due to Exceptional Causes.” The specialised 
branch of soil mechanics dealing with highway and 
airport sub-grades is dismissed in a brief appendix, 
which contains a few of the better-known references 
on this subject. 

There is much in this manual, taken from the 
authors’ experience, which has not been published 
before and is of great value, and there is little doubt 
that it will find its way on to the shelves of all who 
are concerned with the design of foundations. At 
the end of each sub-section a list of references is 
given, and there is an author index as well as a 
subject index. 





Technische Gesteinskunde. By Dr. A. VON Moos and 
Dr. F. DE QUERVAIN. Verlag Birkhduser, Elisabeth- 
enstrasse 15, Basle. [Price 29 Swiss francs, in paper 
covers ; 33 Swiss francs, bound.) 

In the study of the geology of a particular country 
it is necessary for the student to acquaint himself 
with the various mineral products of the rock- 
systems of the country and the commercial value 
of such products. The subject touches that of 
soil mechanics and a knowledge of the physical 
and chemical properties of materials which come 
under this heading largely determines the measure of 
success attained in this branch of geology. For 
instance, clay is of great industrial use in the making 
of earthenware, pipes and bricks, and when of 
sufficient purity and fine grain, it is of use in the 
manufacture of glazed pottery and high-grade 
porcelain, for all of which an increasing demand 
exists in the modern world. Again, pure quartz 
sand, free from all iron impurities and possessing a 
uniform grain and texture, is of economic value 
in the production of glass. In civil engineering, 
practical applications of the science are to be found 
in the burning of limestone to make cement, and 
in the quarrying of rock for use as building material. 
Susceptibility to weather is an important factor 
in certain instances ; rocks that can withstand the 
ravages of time and weather, those that possess the 
requisite strength, an attractive colour and appear- 
ance, arid those that can take a dressing without 
much cost or labour, are the most valuable. The 
ramifications of the subject are numerous, and 
this book on it is evidently based on considerable 
experience of petrology and geology. 

Of the eight chapters, the first three are devoted 
to the determination of the most important proper- 
ties of rocks and allied materials, first in the 
laboratory, and second in the field. Here the reader 
will find a mass of useful information on the engineer- 
ing side of the matter, in the form of tabulated data, 
and the description of methods for estimating such 
characteristics as the specific gravity, grain size, 
porosity, capillarity, and strength of a specimen. 
The gradual development of the subject brings 
under review other contributory factors; for 
example, chemical composition and crystalline 
structure, and these together are treated in com- 
mendable detail, for this part of the book alone 
occupies nearly two-thirds of the 220 pages. 

The foregoing topics remain of importance in the 
perusal of the remaining chapters, where the authors 
discuss in a concise and instructive manner the utili- 
sation of rocks and other geological products in 
engineering and allied industries. In the first place, 
numerous points of practical interest arise in connec- 
tion with foundations, dams, tunnels, and the use 
of stone for paving streets, railway statidns and 
airports. The weathering properties of the material 
are important considerations, as is to be i 
from references to the matter at several places in 
the text, and to the fact that Chapter VIII is devoted 
to them. In the second place, as Chapter V shows, 
other properties require special attention in assessing 
the value of stone, sand, and clay for the purpose 
of making cement, mortar, ceramics, and refrac- 
tories, and for use in foundries and filter beds. 
Thus the study touches several branches of civil 





i , a8 does also the extensive bibliography 
ry per hp waren where references are given 
to relevant literature published in various 
countries during the war years. A second edition 
will undoubtedly appear in due course, and its value 
for readers concerned with magnetic methods of 
geophysical prospecting would be enhanced by the 
inclusion of adequate information on magnetic 
properties and electrical resistivities. 





Metal Spraying and Sprayed Metal. By W. E. BAtiarp. 
Third edition. Charles Griffin and Company, Limited, 
42, Drury-lane, London, W.C.2. [Price 32s. net.) 

More than 20 years have passed since the first 
edition of this book was prepared by Mr. T. Henry 
Turner and Dr. N. F. Budgen, and almost a decade 
since Dr. E. C. Rollason’s second edition. Mean- 
while, there has been an immense growth in the 
use of sprayed-metal coatings by engineers in every 
industry, and, as the process is still developing, the 
author of the third edition has faced a particularly 
difficult task. It should be stated at the outset, 
therefore, that he has succeeded to a high degree, 
and the present work can be thoroughly recom- 
mended not only to the scientist and technician, 
but also to the shop manager and operator. 

The new edition differs in several important 
features from its predecessors, because of the greater 
amount of information now available. Thus, the 
historical development of the process and the 
detailed bibliography have given place to new 
sections intended to appeal to a wider circle of 
readers; for example, users of the process and 
students are given a valuable summary of basic 
practical knowledge of compressed gases and the 
equipment required. The former bibliography has 
been replaced by more than 120 references, grou 
at the end of the relevant chapters, and, although 
these are not claimed to be comprehensive, they 
are certainly well selected. It may be noted, 
however, that some of the references are incomplete. 
The 12 chapters cover descriptions of the modern 
molten metal, powder and wire processes; full 
working details, including surface preparation, 
installation of plant, the nature and properties of 
sprayed-metal coatings, and a comparison with 
other methods of metal deposition. In a final 
chapter, the present range of applications is shown 
by reference to numerous examples in many different 
conditions of service. There are over 200 illus- 
trations, including a number of excellent new 
half-tones and diagrams, 61 tables (including 
those in the appendices), a name index and a very 
complete subject index. 

Many engineers and technologists will probably 
regard as especially valuable the explanatory sec- 
tions on corrosion causation and prevention, which 
are based on the work of U. R. Evans, J. C. Hudson 
and other authorities, as well as on proven experience 
in many environments. The growing value of 
sprayed-aluminium coatings on steel to resist severe 
conditions is stressed and methods of testing are 
well presented. Few errors have been noted and 
these are of a minor character; for example, the 
magnesium-base alloys are known as “ Elektron,” 
not “electron.” On page 117, it could be noted 
that moisture in timber varies with humidity at 
least as much as with temperature. The “‘ Hydro- 
blast” process for cleaning castings has been 
available in this country as well as in the United 
States for several years, and the note on anodising 
is too short to be effective. The production of the 
book is excellent and it is a pity that art paper 
could not have been used to do justice to the many 
reproductions of photographs. It is, indeed, pleas- 
ing to review a work by such an informed enthusiast. 





LECTURES ON ATOMIC NUCLEI.—A special course of 
six lectures on ‘“‘ Atomic Nuclei” will be given by 
Professor H. S. W. Massey, F.R.S., in the Department of 
Physics and Mathematics of the Sir John Cass Technical 
Institute, Jewry-street, Aldgate, London, E.C.3, from 
6 p.m. to 7 p.m., on Tuesday evenings, beginning on 
February 1. The lectures will be suitable for post- 
graduate and advanced students, including those taking 
the B.Sc. (Special) degree in physics. Part of the course 
will be mathematical and part will include the more 
experimental aspects of the subject. The fee for the 





course is 10s. Applications for an enrolment form 
should be made to the Principal. 





THE ENGINEERING 
OUTLOOK. 


TII.—AgricutruraL Macutnery. 


THE year 1948 has seen a remarkable expansion 
in the agricultural-machinery industry; when 
final output figures for the year become available, 
they are likely to show that twice as many agricul- 
tural-type tractors were produced in 1948 as in 1947. 
For most other types of agricultural machinery, 
1947 output figures had been pissed by the end 
of the third quarter of 1948. Mr. Tom Williams, 
Minister of Agriculture, speaking in the House 
of Commons in July, congratulated himself that 
most types of agricultural machinery were being 
produced at ten times the rate of 1938, and stated 
that “We have now reached the stage where 
we are not only meeting the general needs of the 
home market but we will be producing, we hope, . . . 
21. millions worth per month for export.” Mr. G. 
Brown, Parliamentary Secretary to the Ministry of 
Agriculture, at the same time, claimed that the 
production of agricultural machinery was already 
above the annual rate laid down in the Government's 
expmsion programme. 

The White Paper on Capital Investment in 1948 
stated that “‘ Production for the home market in 
1948 onwards is estimated at ex-works prices at 
nearly 401. millions a year, about half for tractors 
and half for other machinery, as compired with 
about 30/. million in 1947.” These figures were 
based on prices at the end of 1946, so that the target 
figure at mid-1948 prices would be about 47/ 
millions. According to the ‘‘ Memoranda submitted 
to the Organisation for European Economic Co- 


ped | operation relating to Economic Affiirs in the period 


1949 to 1953,” British farms will require repl wements 
and new machinery at the rate of 50/1. millions a year. 
The actual output of agricultural machinery for the 
home market in the first three quarters of 1948 was 
311. millions, and, if the output achieved in the third 
quarter was maintained in the fourth quarter, 
production for the year would be 48-6/. millions. 
The export target for the industry was fixed at 
1-981. millions a month by mid-1948, and 2-ll. 
millions a month by the end of 1948, which would 
mean an export figure for the year of 24/. millions 
(as compared with 9-01. millions in 1947) ; this had 
already been achieved at the end of November. 
The agricultural machinery industry in 1948 has 
thus done everything that was expected of it in the 
Government programme. The total output will 
probably be about 75/. millions. 

The most spectacular increase was in the produc- 
tion of tractors. In December, 1947, the 20,000th 
Ferguson tractor was produced in the Bunner-line 
works of the Standard Motor Compwny. By the 
end of August, 1948, 52,500 machines had been 
made and production had increased to the rate of 
5,500 a month. In mid-1948, 200 Fordson tractors 
a day were being produced by the Ford Motor 
Company in a factory designed to produce 80 a day, 
and in July the 100,000th tractor produced since 
the war came off the line. These two leading 
manufacturers were thus responsible for most 
of the 82,430 agricultural-type tractors produced 
in the first three quarters of 1948 (see Table I). 
In addition, Messrs. David Brown (Tractors), 
Limited, were producing at the rate of 3,500 a year, 
which is believed to be of the same order as the 
output of Marshall, Sons and Company. 

Tractor output, moreover, is likely to show a 
steady improvement. Two-shift working was re- 
ported in August as having been instituted at the 
Banner-lane factory and, although this will not 
mean an immediate increase’ in output, since 
skilled employees are divided equally between the 
two shifts, output will rise gradually as the labour 
force increases and more men are trained. A new 
building at Dagenham is nearing completion which 
will greatly increase the Ford Motor Company’s 
capacity. In November, details of the new Nuffield 
tractor became available. Prototypes had been 
fully farm-tested by the end of 1946, but production 
was suspended because of the shortage of steel and 
components. At the end of 1947, the supply 
position had improved and the company had also 
equipped a foundry to ensure supplies of castings. 
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The new tractor, which will be made in three-wheeled 
and four-wheeled models and will have ‘a four- 
cylinder engine running on vaporising oil and capable 
of developing 35: h.p., is elaimed to have enough 
power to pull a four-furrow plough under average 
conditions. The consumption of fuel is stated to be 
about 0-92 gallon an hour. A hydraulic power unit, 
power take-off and belt pulley will be available as 
extra equipment, and the power-lift linkage has been 
designed to operate with many of the tractor. 
mounted implements already in production. 

In January, 1948, Newman Industries, Limited, 
acquired the surplus Government factories Nos. 3 
and 4 at Grantham, and took over plant, equipment 
and a quantity of parts for the manufacture of light 
tractors which had been acquired by Grantham 
Productions, Limited, the previous occupants. 
Messrs. Newman Industries redesigned the tractor 
and started production, which, it was hoped, would 
be running at full capacity by the end of 1948. 
Messrs. Massey-Harris, Limited, have acquired a 
new factory at Kilmarnock for the manufacture of 
tractors, as well as combine-harvesters and other 
implements, and hope to employ eventually 800 
workpeople. The new tractor (known as N.744 PD) 
is to be fitted with a Perkins Diesel engine and was 
to go into production at the end of 1948. The 
Marshall-Fowler Mark V Diesel tractor is already 
in production at Leeds, and several other firms are 


offered for sale on the British market. 


Harvester Company come into full production. 





reported to be considering the possibility of develop- 














Messrs. David Brown. (Tractors), Limited,, who 
already have implement-making arrangements with 
four outside firms, also hope to achieve a considet- 
able expansion in output ; when the works acquired 
from the Ministry of Supply at Farsley, Yorkshire, 
during 1947, comes into operation, their output of 
power-controlled farm implements is to be trebled. 

The increased output of agricultural machinery 
has been made possible by a generous allowance of 
steel to the industry. During 1948, in fact, the 
allocation of steel to the industry has been doubled, 
at least on paper, but it is perhaps open to doubt 
whether, from the point of view of British agricul- 
ture, this has been used to the greatest advantage. 
It may be contended that the increased supplies 
have gone to the tractor makers, a large part of 
whose output is for the export market rather than 
for the manufacture of implements, the demand 
for which is more pressing on the home market. 


of steel on sub-allocations made from the supplies | they have been greatly reduced and for some types 
allotted to the Ferguson organisation. These| are now 14 days. There have, however, recently 
arrangements are to be commended, in that they| been eomplaints from farmers that delivery has 
introduce an element of rationalisation into the | taken six or eight months. 
agricultural-machinery industry and achieve a|that demand is not yet satisfied. The four-year 
reduction in the bewildering variety of implements | plan visualises an increase in tractors in }949 to 
The output | about 275,000 to 300,000, the increase over m‘d-1948 
of unit-mounted implements, moreover, is likely to| being mainly in the heavy types, including crawlers. 
show some improvement in 1949 as the new plants 
of Massey-Harris, Limited, and the International 


It seems, at any rate, 


For other types of machinery, the position has 
been rather worse. The first priority is, perhaps, for 
harvesting machinery, both for cereals and root 
crops. While the British farmer finds no difficulty 
in putting extra crops into the ground, he is often 
unwilling to do so because he has no assuranze that 
he will be able to get them out again at harvest time. 
Although the output of combine harvesters was 
at the rate of 1,000 a year in 1948, or three tizaes the 
rate achieved in 1947, demand is still much in excess 
of supply. The number of combine harvesters in 
Britain in 1948 was about 6,500, and it was esti- 
mated that there is a demand for 11,000, which is the 
figure planned for 1950. Although the output of 
potato spinners has increased considerably in 1948 
as compared with 1947, it is not likely to be sub- 
stantially higher than in 1945. Sugar beet is 
still harvested almost entirely by hand. At the 
time of the 1946 census, there were only 200 com- 
plete sugar-beet harvesters available to cover a total 
crop area of about 400,000 acres. The output of 
these machines is insufficient to make good the 





TABLE 1. —UNITED KINGDOM: PRODUCTION OF AGRICULTURAL MACHINERY. 




















Tractors | Mouldboard Ploughs. | +: | 
cine Disc | Com | 4poper, | Potato | Thrashing | Combine Milking a oe 
Agri- Market- | qractor- | Horse- | Hatrows. Drills, | Spinners. hines. | Harvesters. | Machines. * | Export, 
Year. | cultural gran | “sae | ‘Graua. | | | | 
Types Types. | ; 4 r 
Numbers, | Value (1,0001.) 
‘ 
1937 17,949 | 461 | 2,054 14,695 1,323 394 4,436 1,767 518 | - _ _ - 
1938 10,029 | 650 5,156 7,424 1,260 | 342 4,641 | 1,496 486 _- | —_ _- _ 
1945 17,500 5,796 12,882 17,345 12,940 1,743 6,297 6,021 1,083 | 170 4,807 — _ 
1946 28,796 18,250 18,305 81,642 11,966 3,254 9,338 5,757 1,197 | 125 6,014 | 26,281 6,137 
1947 ee --| 57,978 27,593 41,116 30,932 11,877 2,557 10,936 5,030 1,879 | 361 7,813 | 42,740 | 8,972 
1948 ee --| 82,430 27,078 46,389 9, 352 13,175 2,046 11,380 5,804 946 818 7,787 | 50,177 | 19,063 
(three quarters) | 
1947, Ist Qr. 308 | 4,974 5,151 6,625 2,580 740 1,998 452 304 73 | 1,462 6,827 | 1,350 
2nd ,, --| 13,170 | 6,683 8,115 10,369 2,203 408 3,376 468 329 133 1,862 | 10,274 1,538 
3rd ,, --| 14,811 7,161 10,757 8,559 2,671 617 3,067 | 1,951 373 80 | 2,045 | 10,571 | 2,332 
4th ,, --| 22,189 | 8,775 17,093 5,379 4,423 792 2, 495 2,159 373 7% | 2,444 15,060 | 3,752 
1948, Ist Qr.. .| 25,242 9,547 17,774 1,684 5,437 897 2,808 a 348 55 | 2,118 | 16,105 | 5,527 
2nd ,, -+| 27,346 9,877 13,650 5,548 3,304 459 5,672 1,737 272 247 2,607 | 16,609 5,972 
3rd ,, ° -| 29,842 | 7,654 14,965 2,120 4,434 684 2,900 3,350 | 326 506 3,062 | 17,463 | 7,544 
| 


























ing Diesel tractors. Messrs. F. Perkins were 
reported, at the beginning of the year, to be starting 
the production of Diesel engines at their Newark 
factory at the rate of 400 a month; and the Ford 
Motor Company have produced a prototype of a 
Fordson Diesel half-track, which, it is claimed, 
will give 70 per cent. more power than the Fordson 
Major at half the running cost. The International 
Harvester Company hope to produce tractors at 
the rate of 3,300 machines a year, as well as hay- 

ing machines and combine harvesters, when their 
new factory and foundry at Doncaster are completed, 
but full production is not likely to be achieved 
there until the second half of 1949. 

The expansion in the output of implements has 
been rather less spectacular. During 1947, there 
were complaints that the rate of implement manu- 
facture was not keeping pace with the output of 
tractors, and that this failure to synchronise pre- 
vented the full benefit being felt from the increase 
in total production. The increase in production of 
implements—more particularly in tractor-drawn 
ploughs, mowers, potato spinners and combine 
harvesters—has been considerable, but it seems 
that supplies of unit-mounted equipment have 
improved at the e of other descriptions. 
Indeed, there has been a remarkable decline in the 
production of some of the other categories; the 
output of horse-drawn ploughs, for example, is not 
likely greatly to exceed 12,000, as compared with 
31,000 in 1947. For this, the high degree of 
vertical integration which has developed within the 
industry is largely responsible. 

There are about 20 types of Ferguson implements 
supplied under similar arrangements, and here the 
subcontracting firms are dependent for their supplies 








One of the main problems facing manufacturers of 
implements has been the shortage of iron castings, 
and many agricultural-machinery manufacturers 
are taking steps to circumvent this by establishing 
their own foundries; Ransomes, Sims and Jefferies, 
Limited, have a new foundry under construction 
at. Nacton Heath, and the foundries of the Inter- 
national Harvester Company, at Doncaster, and that 
of the Nuffield organisation have already been 
mentioned. The rate of production of iron castings 
as a whole has shown some improvement in 1948. 
Mr. S. H. Wood, chairman of the Midland Iron- 
founders’ Association, has forecast a record output 
of 3-2 million tons in 1948—350,000 tons more 
than in 1947 and 100,000 tons more than in 1940. 

According to the Ministry of Agriculture census 
figures, published in August, there were in the 
country in January, 1948, 237,280 tractors owned by 
occupiers of agricultural holdings, agricultural con- 
tractors and County Agricultural Executive Com- 
mittees, as compared with 154,640 in 1946. The 
Memoranda submitted to the Organisation for 
European Economic Co-operation state that the 
number of tractors of all kinds in use has risen 
from some 50,000 in 1939 to over 250,000 in 1948, 
and that big developments have taken place in the 
employment of implements. On the other hand, 
it must be remembered that, with the departure of 
prisoners of war, the total of all persons employed 
in agriculture in Britain has declined from 891,500 
in June, 1947, to 849,000 in June, 1948, and this 
at a time when the requirements of the 100/. millions 
development plan put a heavy strain on the industry. 
Since January 12, 1948, it has been possible to buy 
medium and light tractors without permits. 
Reports regarding delivery dates vary. Ford’s say 





deficiency within a reasonable space of time. The 
emphasis upon livestock in the agricultural expansion 

creates a special demand for grass 
mowers, haymaking machinery and grass driers ; 
again, it is not until 1950 that demand for these 
machines will come within reasonable distance of 
being satisfied. The number of grass-driers, for 
example, was 400 in 1948, as compared with the 
requirements of 1,500, which it is hoped to meet in 
1950. 

In the light of these facts, it seems a little prema- 
ture to claim that the needs of home agriculture 
are being met. As long ago as August, 1948, Mr. 
Herbert Morrison, M.P., speaking to representatives 
of British agriculture, said, ‘‘. . . the Government 
will insist on high priority for your requirements 
from all Government departments.” It is not 
surprising, therefore, that farmers’ organisations 
have looked a little askance at the high proportion 
of the output of the agricultural-machinery industry 
which is being sent abroad; the proportion has 
gone up in value from 21 per cent. in 1947 to 38 per 
cent. in the first three quarters of 1948. Moreover, 
while supplies to the home market in 1948 are likely 
to have improved by only 101. millions at end of 1948 
prices, exports are likely to have increased by 
16/. millions. The home market, however, has not 
fared so badly as these figures indicate, for the 
greatest part of the increase in exports is comprised 
of tractors. On the other hand, it, must be remem- 
bered that the steel devoted to tractor manufacture 
might have been employed in the manufacture of 
other machinery and implements for the home 
market. From. January to November, 1948, 
exports of tractors amounted to 18-9I. millions, as 
compared with 5-2/. millions for the whole year in 
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1947. The corresponding figures for other agricul- 
tural machinery were 5-21. millions and» 3-81. 
millions (see Tables II and IV). Home supplies 
have been supplemented by a fairly high level of 
imports; the 23,531 tons imported in the first 
eleven months of 1948 (Table V) compare with 
16,723 tons imported in the same period of 1947. 
These imports cover a wide range of products not 
produced in Britain or produced only in small 
numbers, and will continue at a high level in 1949. 
Part of the 16-3 million dols. released to Britain 
in November is to cover the purchase of 1,000 
tractors and 600 combine harvesters. 

If, in view of the seriousness of Britain’s economic 
plight, the need to export even to some extent at 
the expense of home agriculture is accepted, tractor 
exports can be regarded as one of the most important 
sources of foreign exchange. Mr. Harry Ferguson 
has estimated that there is a world demand for 












































TABLE II.—United Kingdom Exports of Agricultural 
Machinery. 

— | 1936 1946. | 1947. 1948.* 

age | | | | 
Types other than tractors: | Tons. | Tons. |* Tons, Tons. 
Ploughs. . ie . | 3,675 | 11,410 8,684 9,856 
Hay and grass mowers 450 1,295 937 1,123 
Reapers and binders .. 455 | 1,772 | 877 | 637 
Threshers és ws 559 2,778 | 2,369) 1,263 
Other sorts oe ..| 3,444 14,676 | 14,602 | 20,269 
Total ” 8,588 | 31,031 | 27,450 | 33,148 
Tractors .. ..| 10,013 | 28,221 | 30,220 | 96,524 
Grand Total ..| 18,596 | 55,152 | 57,679 129,672 

Types other than tractors : Values (£1,000). 
Pioughs. . na ce 207 | 950 978 ; 1,348 
Hay and grass mowers | 34 153 | 138 | 227 
Reapers and binders ..| 29 187 136 | 109 
Threshers - ot 49 | 302 | 370 | 226 
Other sorts | 347 | 1,716 2,176 | 3,308 
Total ..| 666 | 3,898 | 3,708 | 5,218 
Tractors .. ..| 622 | 3,891 | 5,171 18,865 

} 

Grand Total 8,969 | 24,083 

! 


“| 1,288 | 6,789 | 





* January to November. 


TABLE III.—United Kingdom Exports of Tractors by 
Country of Destination. (January to November.) 




















| 1947. 1948. 
| 
Value, Value, 
| Tons. | eres: Tons. | £1,000. 
Eire a; he ye 3,406 | 600) 2,642! 513 
Union of Soyth Africa ..| 1,374 | 235 | 5,692 | 1,079 
Australia .. a ..| 8,090 494 | 9,534 1, 
Other British Countries ..| 3,060 560 | 13.281 2,610 
Finland .. if A oT 121 | 4,561 
Sweden |. --| 1,782 | 322] 9,978 | 1,670 
Norway ae 856 181 | 1,806 357 
Denmark .. 1,355 217 | 5,783 1,037 
Netherlands ..| 1,410 262 | 3,399 570 
Spain... ” s 407 81 | 2,173 354 
Other Foreign Countries..| 8,790 | 1,387 | 37,675 | 8,179 
Total ..| 26,487 | 4,460 | 96,524 | 18,865 
| 








80 million tractors—and a large part of this demand 
is in hard-currency areas ; his firm, Harry Ferguson, 
Limited, must be among the largest earners of U.S. 
dollars in Great Britain. As a result of the break 
with the Ford Company and the discontinuance of 
the production of Ferguson tractors in the United 
States, Harry Ferguson, Incorporated, of Detroit, at 
the beginning of January, 1948, placed an order for 
tractors to the value of 20 million dols. with the 
British company—the largest single order gained 
up to that time in the export drive. Early in 
April, this was followed up by an order for 50 million 
dols. Up to the end of July, 65 per cent. of the 
total output of Ferguson tractors had been exported 
and 55 per cent. of these exports had gone to the 
American continent. A new plant acquired by 
Harry Ferguson, Incorporated, at Detroit, was 
scheduled to produce 100 tractors a day by Decem- 
ber 1, 1948, 150 a day by March, 1949, and 500 a 
day shortly afterwards; but, apparently, this is 
not to mean the discontinuance of orders to Britain. 
It is understood that orders placed in Britain by 
the American associated company will amount to 
15 million dols. per annum for many years to come. 

Information about the export performance of 
the Ford Motor Company is scantier, but it is known 
that 10,000 more units were shipped overseas in 
the first seven months of 1948 than in the corre- 
sponding period of 1947. Messrs. David Brown 





(Tractors), Limited, have scored marked successes 
in the South American markets ; early in the year, 
the Venezuelan and Argentinian Ambassadors 
visited their Meltham works, and demonstrations 
of their products in the Argentine are reported to 
have secured orders worth several million pesos. 
Figures for exports of tractors as given in the 
monthly Trade and Navigation Accounts do not 
give a very true picture of the principal British 
markets (Table III) since the figures for the United 
States and France are included with those for 
“other foreign countries.” According to some 
statistics, relating to the export of agricultural 
tractors for January to September, 1948, published 
by the Society of Motor Manufacturers and Traders, 
these two countries head the list of those buying 
British products. The United States is shown to 
have taken 9,482 tractors in the period, to the 


TABLE IV.—U.K. Exports of Agricultural Machinery 
Other than Tractors, by Country of Destination. (January 























to November.) 
| 1947. | 1948. 
=f 
| Value, alue, 
| Tons. | £1,000. | TOP* | £1,000. 
Eire  —? ..| 4,209 | 506 4,322 | 683 
Union of South Africa ..; 1,950 | 277 3,056 | 492 
British East Africa = ..| 1,318 | = 114 | 1,452 203 
Other British Countries ..| 3,036 565 | 5,731 | 1,085 
Denmark... .. ..| 1,534| 216| 1,040] 271 
Netherlands .. | 2'549| 342] 2439| 317 
France eS — 490 67 3,057 474 
Argentina ‘" "tl gaag| 175] 2'e81 | 262 
Other Foreign Countries. .| 8,501 | 1,188 | 8,920) 1,431 
Total ..| 25,814 | 8,475 33,148 | 5,218 





TaBLE V.—U.K. Imports of Agricultural Machinery. 
(January to November.) 





























1947. 1948. 

Value, Value, 

Tons. | ¢1,000. | T8- | £1,000. 

Ploughs .. .. 1.254 | 130 | 2,512 249 

Reapers and binders ee 1,508 244 1,360 213 
Tractors (not track-lay- 

a... ee 319 | 4,074 777 

All other sorts :. ‘| 11,988 | 2,678 | 15,585 | 3,804 

Total | 16,728 | 3,366 | 23,531 5,133 








value of 2-51. millions, and France 5,404 valued at 
1-51. millions. Argentina, also not listed separately, 
took fifth place, receiving 2,278 tractors to the 
value of 847,0001. Total exports amounted to 
47,156, valued at 13-5l. millions. It would appear 
that something like one-third of the exports are 
going to the Dominions, the principal markets being 
Australia, New Zealand and South Africa, in that 
order. The proportion going to hard-currency 
countries is not easily ascertainable, but is probably 
in the region of a quarter. The export success 
achieved by makers of agricultural machinery 
other than tractors has been less spectacular, even 
if fairly considerable, and the reason lies not in 
deficiency of demand, but in the dislocations of 
world trade. 
Although, apparently, tractors have been accorded 
a higher priority than implements in the import 
ammes of many countries, trade in tractors 
has also not been without its difficulties, and has 
been maintained at a high level only as a result of 
successful bilateral trade agreements. In Denmark, 
which has taken 1,232 British tractors in the 
period January to September, 1948, the tractor 
population is estimated at 7,000, against require- 
ments of 75,000. The sum set aside for tractor 
imports from the United Kingdom under current 
trade agreements in March, however, was only 
4 million kr. Small petrol-driven tractors are 
considered particularly suitable to Danish condi- 
tions, and, as a result of pressure by Danish farmers, 
it is understood that an offer by Messrs. Harry 
Ferguson, Limited, to supply 2,000 tractors in 1948 
was accepted. In. France, at the beginning of the 
year, the largest single order up to that time 
obtained for British exports was secured by the 
same firm, who undertook to deliver 5,000 tractors 
to the value of 2/. millions. In Argentina, a trade 
agreement provided for the import of 10,000 tons 





of British agricultural machinery. 


What are the long-term prospects for trade in 
agricultural machinery ? While the dollar shortage 
lasts there is little fear of serious competition from 
the United States, and the same is largely true of 
Canada, which, in 1948, was producing at the rate 
of 26,000 tractors a year. Canadian manufacturers, 
nevertheless, have been taking an increasing interest 
in overseas markets. In India, where Bombay 
dealers estimatg that 15,000 tractors can be sold, 
nearly all of the orders placed have gone to Canadian 
manufacturers. France has a long way to go to 
complete the programme of agricultural mechanisa- 
tion and, although the French agricultural machinery 
industry has made remarkable strides, nearly the 
whole of its output will be absorbed by the home 
market for some considerable time to come and, 
even so, France will have to continue to import 
on a large scale. It seems, however, that the 
British hold on the Australian market, which took 
9,534 tractors in the first eleven months of 1948, 
is likely to weaken ; continued Government assist- 
ance for three years to the infant industry there has 
been recommended by the Tariff Board, and the 
International Harvester Company are reported to 
be planning to produce tractors in Australia on a 
scale which will not only satisfy all Australian 
needs but will also leave a surplus for export. 

There are fears that the type of tractor produced 
in Britain may not prove suitable for many overseas 
countries. British manufacturers have each concen- 
trated on one particular type, and, while this policy 
is wise from the point of view of keeping down 
production costs, it has been contended that the 
production programmes do not provide a sufficient 
variety of types to cater for the multiplicity of 
farming conditions encountered overseas. In this 
connection, there has been some controversy over 
the desirability of producing heavy track-laying 
tractors for agriculture and earth moving. It is 
pointed out that there is a pressing need for these 
machines in such regions as East and Central Africa, 
in addition to some considerable demand at home. 
Mr. Strachey, the Minister of Feod, interviewed on 
his return from a tour of the ground-nut areas in 
Tanganyika, said, “It seems a great pity that 
British manufacturers of agricultural machinery, 
with some notable exceptions, have shown only a 
limited interest in the market for their products 
which this scheme provides.” 

This, however, is a rather short-sighted view, 
and a correspondent to The Times has cited five 
sound objections against the practicability of 
producing heavy tractors in Britain. Firstly, the 
demand, although acute in some instances, is very 
limited compared with that for wheeled tractors ; 
and secondly, there is some difficulty regarding 
design, as a wide range of patents (particularly 
American) cover track-laying equipment. Then 
there is the point that, in view of the costly manu- 
facturing and heat-treatment processes required to 
fabricate parts of tracks, a large market for these 
products would have to be assured before the 
outlay in plant became justified. The compara- 
tively high cost of track-laying machines renders 
them an impossible capital charge on all but the 
larger holdings ; and, finally, there is a shortage of 
the stronger types of implements needed with track- 
laying machines, and they are costly in com- 
parison with the lighter types used with wheeled 
tractors . 

Perhaps the most satisfactory answer to the demand 
for heavy tractors is provided by the Shervick 
tractor, made by Messrs. Vickers- 

Limited, who secured the available surplus Mark V 
Sherman tanks as component parts for some 500 of 
these machines, which are reported to be almost 
as good as comparable new tractors and to cost less 
than half the price. In general, it seems that the 
biggest unsatisfied market is for the light and 
medium tractor on the smaller farms all over the 
world, and it is on this market that British manufac- 
turers are concentrating. It has been argued that 
they have under-estimated its size, but this remains 
to be seen. In conclusion, it seems that the agri - 
cultural machinery industry can look forward to a 
year of prosperity. It is rather too optimistic to 
expect that it will be able to supply all the wants of 
home agriculture, but there should be some improve- 





ment as compared with 1948. 
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THE ORIGIN OF TRANSATLANTIC 
STEAM NAVIGATION, 1819-1833.* 


By H. Purr Spratt, B.Sc. 
(Concluded from page 40.) - 
Tue wooden hull of the paddle steamer Curacao 


was built at Dover, by J. H. and J. Duke, and launched 


in September, 1825, under the name of Calpe. The 
vessel was intended for trade between Great Britain, 
America and the West Indies, by@he American and 
Colonial Steam Navigation Company, of London. She 
never sailed in their service, however, for in October, 
1826, she was sold to the Dutch, complete with all 
appurtenances. Renamed by them Curacao, she 
became the first steamship in the Netherlands Navy. 
The paddles were placed well forward, and the upper 
strakes of the hull were flared out, to increase the 
deck space and reduce the projection of the sponsons. 
The vessel had one flush deck, raised about 10 in. at 
the square stern. She was schooner-rigged, with three 
masts and a standing bowsprit. She was at first armed 
with two iron 12-pr. carronades by the Netherlands 
Navy; but this armament was later increased to five 
36 prs., one pivoted forward of the mizenmast, and 
two 6 prs. The crew consisted of 42 officers and men. 
‘ The Curavao was propelled by side-lever engines of 
100 nominal horse-power, constructed by Maudslay, 
Sons and Field. These had two cylinders, 40 in. in 
diameter by 48 in. stroke, and could have developed 
about 150 indicated horse-power. The condensers 
maintained a vacuum of 26 in. to27in. Steam ata pres- 
sure of 3 lb. per square inch was supplied by a rectangu- 
lar iron boiler with four furnaces, which was tested to 
6 Ib. per square inch pressure. No feed-pump was 
necessary ; water was run into the boiler from a raised 
tank. Coal was stowed in two iron bunkers on e ch 
side of the engine-room and in another bunker aft. 
The total coal reserve was later increased to about 
95 tons, by the addition of two timber bunkers built in 
above the sides of the boiler. The paddle shafts were 
fitted with worm-operated disconnecting cranks of the 
form introduced by Maudslay. The paddles were 15 ft. 
rim diameter ; each was fitted with 14 fixed radial 
floats, about 7 ft. long and 2 ft.. wide. The float 
width was later reduced to 18 in. The paddle-wheels 
rotated at 22 r.p.m., and the normal speed of the vessel 
was about 8 knots. 

Under the command of First-Lieut. J. W. Moll, the 
Curacao sailed from Hellevoetsluis, near Rotterdam, 
on April 26, 1827, bound for Paramaribo, with 57 
persons on board. The journal of her Atlantic crossing, 
preserved in the archives of the Dutch Marine Depart- 
ment, relates in detail the mechanical difficulties 
with which the commander had to contend. Often the 
engines had to be stopped to replace lost paddle floats ; 
often the fires had to be put out, to clean and repair the 
leaking boiler, potion with salt. As the coal was 
consumed, at about 5 tons a day under full steam, 
and the vessel rose, her paddle-wheels were increased, 
first to 16 ft. diameter by additional floats 6 in. wide, 
placed outside the rims, and then further to 17 ft. 
by a re-disposition of the main 18-in. floats. Before 
the eventual return to Hellevoetsluis, some 30 paddle 
floats had been lost and replaced. Moll seems, however, 
to have been mainly concerned with the “ lurching ” 
of the vessel. Her best speed, with favourable winds, 
was 10 knots. On May 23, the coast of Guiana was 
sighted, and next afternoon the Curagao anchored in 
Paramaribo. The crossing, of about 4,000 sea miles, 
had taken 28 days, at a mean speed of 6 knots, with 
the intermittent help of her paddle-wheels. 

After her return to Hellevoetsluis, the Curagao was 
fitted with bilge keels, which helped to cure the 
“lurching.” For her second crossing, she left Holland 
on March 1, 1828, with 68 on board, and reached Para- 
maribo in 25 days, for the first thirteen of which she 
maintained continuous steam power. After her third 
double crossing, in 1829, she was withdrawn from the 
West Indies service, and remained from 1830 to 1834 
stationed on the Schelde. In this period, she made a 
trip to London, and once more in 1839. Then, from 
1840, she returned for a time on the West Indies station, 
until decommissioned in 1846. She never sailed again, 
and in 1850 was sold to the shipbreakers. The principal 
dimensions of the Curacao were: gross register, 438 
tons; burden, 239 tons; length on deck, from stem to 
stern-post, 130-5 ft.; length between perpendiculars, 
127-3 ft.; length of keel, 114-7 ft.; breadth of hull, 
26-9 ft.; breadth over paddle boxes, 44-9 ft.; depth 
of hold, 16-5 ft.; draught, about 13-5 ft. 

The first steam vessel of the British Navy to cross 
the Atlantic was the Rhadamanthus, built of wood by 
the Admiralty at Devonport, to the plans of Mr. T. 
Roberts, and launched in April, 1832. Four sister- 
ships were also built about the same time. The 
Rhadamanthus was the first steam vessel built at 
Devonport, and was commissioned in October, 1832. 





She carried four guns, a complement of 60 officers and 
men, and was schooner-rigged with three masts and a 
standing bowsprit. Her paddles were placed well 
forward, and were driven by side-lever engines of 220 
nominal horse-power, constructed by Maudslay, Sons 
and Field. These had two cylinders, 55-5 in. in dia- 
meter by 5 ft. stroke, which developed 385 indicated 
horse-power on trial. Steam was supplied at a pressure 
of 3-5 lb. per square inch by iron tubular boilers. 
The paddles were 20 ft. in diameter, each with 12 fixed 
radial floats, and rotated at 18 r.p.m. The normal 
speed of the vessel was about 8 knots. 

The Rhadamanthus was used for a time with her 
sister-ship, the Dee (1832), in a blockade of the Dutch 
coast, and was then sent to the West Indies. She left 
Plymouth on April 21, 1833, and steamed across the 
Bay of Biscay. Her engines were then stopped, and, 
with six floats removed from each paddle-wheel, she 
continued to Funchal under sail alone. Her coal 
bunkers were replenished to about 320 tons at Madeira, 
where she left on April 30, for Barbados. Steam power 
was used intermittently ; the floats of her paddles were 
removed and replaced as required. Barbados was 


about 300 indicated horse-power. The crankshafts 
were forged by Robert Napier in his works at Cam- 
lachie, on the Clyde. Steam at a pressure of about 
4 lb. per square inch was supplied by flat-sided 
rectangular iron boilers. The paddles were 18-5 ft. in 
diameter, and rotated at about 20 r.p.m. Each had 
15 fixed radial floats, 6-25 ft. long and 21 in. wide. The 
normal speed would be about 8 knots. 

The Royal William was intended to improve com 
munication between the Maritime Provinces of Old 
Canada by the newly-formed Quebec and Halifax 
Steam Navigation Company, with which Samuel Cunard 
and his brothers were associated. In 1831, she made 
three round trips from Quebec to Halifax and inter- 
mediate ports. In 1832, however, she had to be 
quarantined on account of a cholera epidemic, and the 
company suffered heavy financial loss. Early in 1833 
the Royal William was sold, and later d'spatched by 
her new owners to Boston, where she was received 
enthusiastically on June 17 as the first British steamer 
to enter a port of the United States. On her return to 
Quebec, it was decided to send the vessel to London 
for sale. 





TABLE I.—EARLY TRANSATLANTIC STEAMERS. 








Passengers 
Disposal of hull . . 























“* Gov, o | os oe ” “ rs “Rhada- | Royal 
Savannah. | Rising Star.”’| Caroline. Curacao, | manthus.” | William,’ 
! | 
Launched August 22, February 5, August 23, September, April, April 27, 
1818 | 1821 1823 1825 1832 1831 
Owners | Savannah | Thomas Coch- | French Navy Netherlands | British Navy | Quebec and 
| Steam Ship | rane, 10th | Navy | | Halifax Steam 
| Company | Earl of | | Navigation 
| Dundonald | | Company 
Builders .. ..|Francis Fickett,) Daniel Brent, | Built at J. H. and J. Admiralty Black and 
| New York Rotherhithe Rouen Duke, Dover Dockyard, Campbell, 
| } | Devonport Quebec 
Measurement—Gross, tons ..| 320 | 428 Abt. 350 438 | 813 | 1,370* 
Burden, tons Abt. 170 | -- Abt. 190 239 — 
Length—Overall, ft. . Abt. 110 —_ — | 147-2 | Abt. 205 | 182-0 
Between perps., ft 98-5 | 123-6 121-3 127-3 | 179-4 | 160-0 
. Keel, ft. we aa _ | — —— 114-7 | 143-2 146-0 
Breadth—Hull, ft. ©. |.| 25-8 | 27-8 23-0 26-9 Abt. 27-5 28-0 
Over sponsons, ft. ..| Abt. 36¢ | — Abt.39 | = 44-9 46-0 44-0 
Depth below deck, ft. .. ae 14-2 | 6-1 Abt. 6 | 16-5 17-8 - 17-8 
Draught, mean, ft. oa Abt. 13 Abt. 5-5 5-5 | Abt. 13-5 14-5 14-0 
Complement—Total crew << — - — 42 36 
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32 | — | — 26 a 
..| Wrecked, 1821 | Wrecked, 1830 | Broken up, 1833| Broken up, 1850| Broken up, 1864) Rotten, 1840 








Builders of machinery .. .-| Stephen Vail, | Maudslay, Sons} Manby, Wilson,, Maudslay, Sons| Maudslay, Sons} Bennet and 
| Morristown, } and Field, Henry et Cie, | and Field, and Field, Henderson, 
ae Fa Lambeth | Charenton’ | Lambeth Lambeth Montreal 

Horse-power—Nominal oe 72 70 50 } 100 2 200 

Indi onl 90 — | a | Abt. 150 385 — 

Cylinders—Number_.. ie 1 | 2 | 2 | 2 2 | 2 

Diameter, in. a 40 | Abt. 42 29 40 55-5 Abt, 51 

Stroke, in. .. ae 60 } Abt. 36 36 | 48 60 | Abt. 60 

Steam pressure, Ib. per sq. in. Abt.1 | 2to3 | e2tos | 3 | 3-5 Abt. 4 
Paddle-wheels—Diameter, ft. . .| 15-3 | Abt. 13-5 Abt.13 | 15-0 20-0 | 18-5 
Width, ft. om 4-5 Abt. 7-5 6-3 | 7-0 } Abt. 7-3 6-3 

Revs. per min. | 16 Abt. 22 21 | 22 | 18 Abt. 20 

Speed of vessel, knots .. - 4 5 to 6 7 Abt. 8 } Abt. 8 Abt. 8 

Ports of departure and arrival, | Savannah to | Gravesend to Brest to Hellevoetsluis | Plymouth to Pictou to 

first Atlantic crossing | Liverpool Valparaiso Cayenne to Paramaribo | Barbadoes Cowes 

Dates of departure and arrival, | May 24 to October 22, December 14, April 26to | April 21 to August 18 to 

first Atlantic crossing | June 20, 1819 oe Yn 1824t May 24, 1827 | May 17,1833 | September 6, 
1833 

Time taken = ve ..| 27 days 11 hrs. _ _— 28 days 26 days 19 days 

Mean speed, knots ‘w <a 6 — | Abt. 5 6 6-1 Abt. 6 

Historical importance of | First st First to steam | First st First st First British | First Canadian 
| to cross westwards in French in Netherlands | naval steamer steamer to 
| Atlantic across Navy Navy to cross cross 
Atlantic Atlantic Atlantic 











reached on May 17, the distance of 2,500 miles being 
covered at a mean speed of 6-1 knots. She was later 
used at Port Royal, Jamaica, to make a survey and to 
place buoys. She left there on February 11, 1834, and 
arrived back in Plymouth on April 3. In 1860, her 
boilers were fitted with superheaters. The vessel was 
broken up at Sheerness in 1864. Her principal dimen- 
sions were: tonnage, old measurement, 813 tons; 
length over all, about 205 ft.; length between per- 
pendiculars, 179-4 ft.; length of keel, 143-2 ft.; 
breadth of hull, about 27-5 ft.; breadth over paddle 
boxes, 46 ft.; depth of hold, 17-8 ft.; draught, 
14-5 ft. 

The famous Canadian paddle steamer Royal William 
was built of wood, at Quebec, by Black and Campbell, 
to the plans of their naval architect and foreman, 
James Goudie. The keel was laid in September, 1830, 
at Cape Cove, a mile above the Citadel, and the vessel 
was launched on April 27, 1831. Two years later she 
made history as the first Canadian steamship to cross 
the Atlantic. The upper strakes of the hull were 
flared out, fore and aft, to envelop and protect the 
paddle-wheels; there were no out sponsons. 
The vessel had one flush deck, and was schooner-rigged, 
with three masts and a standing bowsprit. Accommo- 
dation was provided for about 80 steerage passengers, 
and the crew consisted of 36 men. 

After the launch, the Royal William was towed up 
the St. Lawrence to Montreal, to be fitted with side- 
lever engines, of 200 nominal horse-power, by Bennet 
and Henderson. The senior partner of this firm, John 
Bennet, was born in Scotland, and had served his 
apprenticeship with Messrs. Boulton, Watt and Co. 
The engines comprised two cylinders, about 51 in. in 





* Paper read before the Newcomen Society at a meeting 
held in London, on October 6, 1948. Abridged. 








diameter by 60 in. stroke, which could have developed 





* Calculated on the overall breadth. + Over collapsible paddle-wheels, when in use, { Date of arrival at Cayenne is not on record, 


She left Pictou harbour, Nova Scotia, on August 18, 
1833, with seven passengers on board, and heavily 
laden with 324 tons of coal. She encountered a gale 
off Newfoundland, which disabled the starboard engine, 
and the vessel was reported to be sinking; but the 
pumps were started, and she ran for ten days on the 
port engine alone. She persevered across the Atlantic, 
at a mean speed of about 6 knots, and on September 6 
put into Cowes for repairs. She then continued round 
to the Thames, and eventually reached Gravesend on 
September 12, after 25 days from Pictou. It has been 
said that most of her crossing was made under steam 
power, a from the intervals necessary to clear the 
boilers of salt, which, in the words of her captain, John 
McDougall, occupied “ from 24 to 26 hours every fourth 
day.” Not until five years later, in April, 1838, was 
the Atlantic crossed under continuous steam power, 
by the paddle steamer Sirius, a model of which is pre- 
served at the Science Museum, London. She was the 
first transatlantic steamer to be fitted with surface con- 
densers, patented by Samuel Hall in 1834, which enabled 
her boilers to be fed with fresh water and thus kept in 
constant operation. 

The Royal William was chartered to the Portuguese 
Government soon after her arrival in London; and in 
September, 1834, she was sold to the Spanish and con- 
verted into a warship under the name of Isabella 
Segunda. She was the first steamer in the Spanish 
Navy, and the first in all history to fire a hostile shot. 
In 1840, she was sent to Bordeaux for repairs, but her 
timbers had become rott:n, and she was converted 
into a hulk. Another vessel of the same name, built at 
Bordeaux to receive her engines, was wrecked in 
January, 1860, off the coast of Algeria. The principal 
dimensions of the Royal William were: gross measure- 
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ment, 1,370 tons; burden, 363 tons; length of deck’ 
176 ft.; length between ndiculars, 160 ft.’ 
length of keel, 146 ft. ; breadth between paddle boxes, 
28 ft. ; breadth overall, 44 ft.; depth of hold, 17-75 ft. ; 
draught, 14 ft. 

The adventure of the Royal William in 1833 con- 
cludes the original spasmodic phase of auxiliary steam 
navigation on the Atlantic. The second phase, that of 
the more determined use of sustained steam power from 
port to port, was heralded by the paddle steamers 
Sirius and Great Western in April, 1838, and was 
authoritatively chronicled at the time by Joshua Field 
in his contemporary manuscript, now preserved in the 
Science Museum Library. That manuscript was 
printed by t e Newcomen Society in 1938, as Appendix 
I to an earlier paper, by Engineer Captain Edgar C. 
Smith, on “The Centenary of Transatlantic Steam 
Navigation,” in vol. 18 of the T'ransactions (1937-38). 
For convenience of reference, the main particulars of 
the vessels described in the present paper, and of their 
engines, are summarised in Table I, opposite. 








THE INSTITUTE OF METALS. 


THE annual general meeting of the Institute of 
Metals will be held at the Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, London, 
S.W.1, on Wednesday and Thursday, March 30 and 31, 
and at 4, Grosvenor-gardens, London, 8.W.1, on 
Friday, April 1. 

The meeting on the first day opens at 10 a.m., when 
the report of Council and the honorary treasurer’s 
report will be presented. Then will follow the election 
of officers for 1949-50, the presentation of the Institute 
of Metals (Platinum) Medal for 1949, and the discussion 
of three papers, the first by Mr. A. P. C. Hallowes on 
“The Working Behaviour of Phosphorus-Deoxidised 
Coppers containing Bismuth,” and the second and third, 
both by Dr. K. M. Entwistle, on “The Damping 
Capacity of Metals in Transverse Vibration ” and “‘ The 
Effect of Grain-Size on the Damping Capacity of Alpha 
Brass.” After the lunch interval, at 2.30 p.m., two 
papers will be presented, namely, ““ The Flow of Metal 
in Tube Extrusion,” by Mr. C. Blazey, Mr. L. Broad, 
Mr. W. S. Gummer, and Mr. D. B. Thompson; and 
“The Promotion and Acceleration of Metallic Corro- 
sion by Micro-Organisms,” by Mr. T. Howard Rogers. 

On Thursday, March 31, at 10 a.m., the resumed 
general meeting will take the form of a “ Symposium 
on the Metallurgical Aspects of Non-Ferrous Metal 
Melting and the Casting of Ingots for Working.” The 
symposium will consist of the following six papers : 
“Melting and Casting of Non-Ferrous Metals,” by 
Mr. G. L. Bailey and Mr. W. A. Baker; ‘“ The Pro- 
duction of Refined Copper Shapes,” by Mr. R. H. 
Waddington ; ‘“ Melting and Casting of Aluminium- 
Bronze Ingots for Subsequent Working,” by Mr. A. J. 
Murphy and Mr. G. T. Callis; “The Application of 
Flux Degassing to Commercially-Cast Phosphor- 
Bronze,”’ by Mr. N. I. Bond-Williams; “ The Melting 
and Casting of Brass,” by Dr. Maurice Cook and Mr. N. 
F. Fletcher ; and “ The Melting and Casting of Nickel 
Silver at the Works of Messrs. Henry Wiggin and 
Company, Limited,” by Mr. E. J. Bradbury and Mr. 
P. G. Turner. Discussion of the symposium will 
continue in the afternoon from 2.30 until 5.0, and in 
the evening, at 7.15 for 7.30, a dinner-dance will be 
held at the Savoy Hotel, Strand, London, W.C.2. 

The last session of the meeting will commence at 
10 a.m. and conclude at 1.0 p.m., on Friday, April 1, 
and, as stated above, will be held at 4, Grosvenor- 
gardens, London, 8.W.1. The first paper to be dis- 
cussed will be that of Mr. P. C. Varley, on “ The 
Recovery and Recrystallisation of Rolled Aluminium 
of Commercial Purity.’’ The second, third and fourth 
will be discussed jointly ; they are entitled ‘‘ High- 
Temperature Tensile Properties of Cast Aluminium- 
Silicon Alloys and their Constitutional Significance,” by 
Mr. W. I. Pumphrey and Dr. P. H. Jennings; “A 
Consideration of the Nature of Brittleness at Tempera- 
tures above the Solidus in Castings and Welds in 
Aluminium Alloys,” by Mr. W. I. Pumphrey and 
Dr. P. H. Jennings; and “A Consideration of the 
Nature of Brittleness at Temperatures below the 
Solidus in Castings and Welds in Aluminium Alloys,” 
by Mr. W. I. Pumphrey and Mr. D. C. Moore. If time 
permits, a fifth paper will be considered, namely, “‘ The 
Measurement of Grain-Size of Tungsten and Tungsten- 
Carbide Powders Used for the Manufacture of Hard- 
Metal,” by Mr. H. Burden and A. Barker. 

The offices of the Institute are at 4, Grosvenor- 
gardens, London, 8.W.1. 





“ THE COOLING OF CIRCULATING WATER ”: ERRATUM" 


—We regret that, in the above article, on page 21, ante, 
a line of type became displaced in the course of preparing 
the issue for press. The line in question (‘‘ surrounds 
the cooling stack. The grids of the cooling,” at the foot 
of the centre column) should have been in the right-hand 
column, immediately below Fig. 6. 
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SUMMER SCHOOL OF THE BRITISH 
THOMSON-HOUSTON COMPANY, 
LIMITED. 


A summer school for professors of electrical engineer- 
ing was held at the Rugby works of the British Thom- 
son-Houston Company, Limited, from Monday, July 12, 
to Friday, July 16, 1948, with the object of gathering 
in friendly conference representatives of those respon- 
sible for the education and future careers of the firm’s 
students. The programme included lectures by the 
Company's engineers on a wide range of subjects. 
Three factories were also visited and an afternoon was 
spent in the research laboratory and in the electronics 
—— department. In addition, there were a 
number of informal discussions which proved particu- 
larly useful. In all, 26 lectures were given, the text 
of which, together with a foreword by Mr. E. H. 
Ball, managing director, an introduction by Mr. L. J. 
Davies, director of research and education, and an 
opening address by Sir John Cockcroft are reproduced 
in a booklet, which has been published recently. 
Copies of this are being sent to engineers in Government 
and industrial undertakings, to professors of electrical 
engineering and to electrical engineers holding senior 
academic appointments in educational establishments. 

In his introduction, Mr. L. J. Davies pointed out that 
the reason for the school was the common interest they 
all had in electrical-engineering education. It was 
felt, therefore, that if facilities could be given for educa- 
tionists to meet and hear their ex-students give talks 
on the work they were doing as responsible engineers, 
and thus to appreciate the difficulties they had to 
overcome, a practical and useful contribution to educa- 
tion would have been made. Sir John Cockcroft dealt 
with “The Needs of the Laboratories and Industry 
of the Country for Scientific and Technical Staff,” 
pointing out that the necessity for increasing effort 
in scientific and industrial research had become clear 
not only from what had been done during the war, but 
from the essential fact that we must pay our way in 
the world. There was, indeed, a case for at least a 
5 per cent. increase in scientific and technical man- 
power in industry. There should also be a sub- 
stantial increase in post-graduate study in engineering, 
combined with an even sate increase in the scale of 
financial assistance. 

In a paper on “ Mechanical Aspects of Electrical 
Engineering,” Mr. W. J. Carfrae mentioned four items 
which were of great importance in the design of large 
turbines and alternators. These were the development 
of a welded exhaust casing for 30-MW and 60-MW 
sets, the development of a commutator with a new and 
simplified form of mechanical construction, a new super- 
sonic method of inspecting the interiors of large turbine 
and turbo-alternator shafts, and the development of a 
new type of rotor winding for large turbo-alternators. 
Dealing with “‘ Magnetic Sheet Steel,” Mr. D. Edmund- 
son said that the ou put of this material in this country 
for all purposes was about 130,000 tons per annum 
and was increasing at such a rate that it would have 
doubled in seven years time ; by far the largest use of 
this material was for the small induction motor, the core 
losses of which were as high as 1} watts per pound. 
This meant that if all the year’s output was operated at 
once, the iron loss alone would amount to over 400 MW. 
There was, therefore, every reason for seeking to reduce 
this loss. It was only the transformer user, however, 
who was at present interested in capitalised iron losses, 
and it was not surprising that the only two fundament- 
ally original sheet materials had been developed for his 
use. Unfortunately, neither of these was of any value 
for rotating machinery. What was wanted for that 
purpose was a sheet with an orientation such that a 
(100) plane lay in the plane of the sheet and the [100] 
axis lay roughly in the correct direction both in the 
tooth and core portions of a segmental punching. 
If in this way the output of a frame size could be 
increased from 4 to 5 brake horse-power, or the core 
lengths of a fractional horse-power motor could be 
shortened by $ in. it would be a considerable achieve- 
ment. 

Space does not permit even a short analysis of the 
other papers. It must therefore suffice to say that 
they covered such subjects as modern developments 
in insulation; vibration and noise; power system 
analysis, the design of switchgear, and the electronic 
control of motors. High-power pulse generation, 
multi-resonator magnetrons, leak detection, and the 
development of electric discharge and fluorescent lamps 
were also dealt with. 





INSTRUCTION BOOKS FOR DAVEY PAXMAN OIL ENGINES. 
—Messrs. Davey, Paxman and Company, Limited, Col- 
chester, announce that instruction manuals and illus- 
trated lists of spare parts for their Mark 12 TPM engines 
can be supplied to owners who have purchased these 
engines from sources other than the makers. The engines 
were built originally for the propulsion of landing craft, 
and many have been sold as Government disposal 
material. 





16-MEV BETATRON AT THE 
CLARENDON LABORATORY, 
OXFORD. 


A 16-mILLIon electron volt double-field Betatron, 
designed by the Research Laboratory of the British 
Thomson-Houston Company, Limited, Rugby, and 
constructed by the same company, has recently 
been installed at the Clarendon Laboratory, Oxford. 
Before describing the constructional details of this 
equipment, it may be recalled that the Betatron is 
an electron accelerator, in which electrons, in the 
form of cathode rays, are injected into an increasing 
magnetic field. This field is radially symmetrical and 
is arranged to maintain the electrons in a stable cir- 
cular orbit throughout an acceleration period. During 
this period, the electrons execute a large number of 
turns and pick up energy continuously by induction. 
The energy level of the electrons after acceleration is 
thus some thousand times greater than that of the 
injected cathode rays. 

Although as long ago as 1922, Slepian proposed to 
accelerate electrons by rotating them round a central 
core, which was made to carry a flux, and to hold 
them radially by using a series of permanent magnets 
to provide a guide flux, which would cause the field to 
increase with the radius, it was not until about 1940 
that the first successful Betatron was made by Kerst 
at the University of Illinois, after much work had been 
done by Breit and Tuve at the Bureau of Terrestrial 
Magnetism in Washington, by Widerée in Norway, 
and by Walton at the Cavendish Laboratory. This 
Betatron was capable of generating four million electron 
volts and operated at 180 cycles per second, using a 
frequency tripler. Shortly afterwards, while working 
with the General Electric Company at Schenectady, 
Kerst developed a 20-million electron volt instrument, 
while in 1945 a 100-million electron volt equipment was 
devised by Westendorp and Charlton. 

The mechanism of acceleration in the Betatron may 
be described by recalling that a turn of wire generates 
voltage in proportion to the rate at which the flux 
linking it is changing. If the flux lies in a transformer 
core, a closed loop of electric field will be formed, and, 
if an electron can be guided so as to follow this loop 
in the right direction, it will steadily gain energy at 
each rotation by an amount due to the voltage of one 
turn. This magnetic flux, which links the electron 
orbit, and the change of which causes the electric 
field that acts upon the electron, is known as the 
accelerating flux. When in motion, an electron behaves 
simultaneously as a charge to an electric field and as a 
current to a magnetic field. Its reaction to axial) flux 
density at the orbit is used in the Betatron to guide 
it in a circular path, and this reaction acts radially 
inwards against the centrifugal force. To maintain 
the radius of the electron’s orbit constant, the guide 
flux density at that orbit must vary in proportion 
to the linking, or accelerating, flux, and the relation 
between them must be such that 


¢— d: 
27 R*’ 


where B is the guide flux density and ¢ the flux linked 
by an orbit with a radius R; and B, and 4, are the 
values of guide flux density and accelerating flux at 
the instant when electrons are first launched into the 
orbit. As, in practice, the initial values of the guide flux 
density and the accelerating flux are small, this basic 
statement, which is known as the Betatron equation, is 
fulfilled when the flux density in the orbit is half the 
average density of the flux linked by that orbit. 

An electromagnet of the type sometimes employed 
in Betatrons is shown diagrammatically in Fig. 1, 
page 56, with the two-dimensional distribution of the 
axial flux density indicated below it. In this diagram, 
the orbit diameter is indicated at a, while the cylinder 
shown in perspective has the same volume as that part 
of the flux density “ hill,” which lies within the equili- 
brium orbit. The height of the cylinder, therefore, 
represents the average flux density linked by the orbit, 
and the Betatron equation is fulfilled when the contour 
of the flux cuts this cylinder at half its height. 

The equilibrium relation between the accelerating 
and guide fluxes is not in itself sufficient for stability. 
To ensure this condition, an electron which is moving 
either radially or axially must encounter forces which 
tend to push it back. Generally speaking, the produc- 
tion of axial correcting forces will interfere with radial 
correction, although there is a narrow margin within 
which the conditions for both radial and axial stability 
overlap. Radial stability is assured if the guide-flux 
density in the orbit increases with the radius, or is 
constant. It may even be allowed to decrease, pro- 
vided it does not do so more rapidly than the radius 
diminishes. For axial] stability it is essential that an 
electron moving upwards shall encounter a radial- 
flux density which is directed outwards (thus forcing 
it downwards) and that an electron moving downwards 
shall encounter a radial-flux density directed inwards 
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(which will force it upwards). As shown in Fig. 2, 
it is necessary, if this happens, for the lines of guide 
flux to bow outwards. In other words, the axial 
density must decrease with the radius. To combine 
the two stability requirements jt is therefore necessary 
for the guide-flux density to fall off with, though not 
quite as fast as, the radius. That is, the guide flux 
should fall by somewhat less than 1 per cent. for each 
1 per cent. increase in radius. 

The maximum momentum of an electron is propor- 
tional to the maximum flux density in the guide field ; 
that is 

mv=eBR, 
where e is the charge on an electron of mass m, which 
is travelling at velocity v in a circular orbit of radius R 
in which the guide-flux density is B. Since in most 
Betatrons the electron is accelerated to a velocity 
very close to that of light, this equation can be written 


mc=eBR, 


where c is the velocity of light. Now c*, multiplied by 
the change in the mass of the electron, is equal to the 
energy on the electron, and this can also be expressed 
as the voltage on the electron multiplied by its charge. 
Expressed in millions of electron volts, this energy 


becomes 
MeV = 3 x 10“° BR-—0O-°5l. 


Thus, to accelerate an electron to 10 million electron 
volts in an orbit of 20 cm. radius the guide-flux density 
must vary between zero and about 1,750 gauss. It is 
these very reasonable requirements’ which make the 
Betatron so attractive compared with direct methods 
of acceleration. For instance, two million electron 
volts is probably the maximum to which electrons can 
be accelerated by passing them once only through an 
electrostatic field. 

The Betatron is usually excited by a sinusoidal 
voltage, the electrons being injected into the guide 
field at that instant in each cycle when the guide flux 
has just passed through zero and is of the right polarity. 
Those electrons which are not lost, are then accelerated, 
so long as the accelerating flux continues to increase, a 
condition which is present throughout nearly 90 deg. of 
the voltage wave. The way in which the process of 


acceleration affects the electron velocity (: = 8) , its 


mass (=) , and its energy in millions of electron volts, 


is shown ‘in Fig. 3, which applies to a B20 Betatron 
working at 50 cycles in an orbit with a radius of 20 cm. 
and with a guide-flux density of which the peak value 
is 2,830 gauss. The guide field provides a stable orbit 
by a focusing action, which increases with the guide 
flux. The number of electrons accepted will therefore 
be larger the later the injection occurs. The instant of 
injection, however, is determined by the maximum 
muzzle velocity of the electron gun, that is, by the 
highest voltage which the gun structure can with- 
stand. Injection must also be effected with the 
minimum error in both the radial and axial velocities. 
To ensure this, the electrons are injected at a tangent 
very close to the orbit at an instant when the guide 
field is just sufficient to bend their path so that its 
radius coincides with that of the orbit. 

It follows that the density of the guide flux must be 
fairly uniform round the orbit, in order that undue 
perturbation of the electrons may be avoided. Non- 
uniformity may occur both in the in-phase and the 
quadrature fluxes. The effect of the latter, however, is 
the more serious, owing to the low value of the guide- 
flux density at the instant of injection. This effect 
may be reduced by arranging local windings to carry 
smal] currents in quadrature with the main exciting 
current. In the B20 Betatron, each electron circles 
more than a million times and travels a little over 
900 miles in so doing. This length of path renders 
the gas pressure more critical than in most vacuum 
systems, and for that reason it is desirable to employ 
pressures of less than 10-° mm. of mercury. 

The final step in the operation of a Betatron is the 
conversion of its high velocity electrons—f-rays— 
into high-intensity y radiation. To effect this con- 
version, the equilibrium orbit must be either expanded 
or contracted so as to bring the accelerated electrons 
into grazing incidence with a target of high density, 
such as tungsten or platinum. The electrons, which 
are travelling with a velocity within a small fraction 
of 1 per cent. of that of light, then collide with the 
heavy nuclei of atoms in the target and are heavily 
retarded. Such collisions give rise to X-ray spectra 
or y-rays of varying hardness, the maximum energy 
of which corresponds to the full electron voltage of 
the incident electrons. The y-rays are not deflected 
by a magnetic field and, at energies corresponding 
to those of a Betatron, are very penetrating. They 
therefore pass easily through the walls of a normal 
vacuum chamber and, unlike X-rays, are mostly distri- 
buted in the direction of travel of the incident electrons, 
and so appear within a relatively small solid angle. 


BETATRON AT CLARENDON LABORATORY. 
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single magnetic field is used both for accelerating and 
guiding the electrons, stored energy, or kilovolt-amperes, 
which is not essential for acceleration, is consumed in 
establishing magnetic fields in the air gap at the centre 
of the orbit. This drawback was overcome in 1945 by 
Dr. K. J. R. Wilkinson of the British Thomson-Houston 
Company, Limited,‘Rugby, who devised a method of 
saving kilovolt-ampere consumption and of reducing 
the size of the apparatus by confining the guide flux to 
a radially narrow band and keeping the accelerating 
flux wholly within the steel. This method, which 
entailed a double field construction, had been considered 
previously by Widerée, who, in 1944, applied it to the 
design of a 200-million electron volt Betatron for the 
Germans. This apparatus alsoincludeda direct-current 
winding for biasing the guide field. By permitting 
one half a cycle, instead of one quarter of a cycle, 
working this direct-current bias would have given a 
corresponding increase in electron voltage. 

In the double-field Betatron two co-axial windings, 
which lie radially on each side of the orbit and are 
excited in parallel, are used, and provide a guide flux 
across the electron orbit and an accelerating flux in the 
steel core, as shown in Fig. 4, in which a and 6 are the 
outer and inner windings, respectively,and c the vacuum 
ring. The paths of the accelerating and guide fluxes 
are indicated at d and e. The turns are chosen so that 
the accelerating flux, most of which is in the closed 
— leg, bears the necessary relation to the guide 

ux. 

As will be seen, the two fluxes are in the same direc- 
tion and are proportional to each other. If the reluct- 
ance to the flux in the steel and core joints is small, the 
ampere-turns of the inner and outer windings are about 
equal and opposite. Before a Betatron could be con- 
structed on this principle, however, it was necessary 
to discover what shape of guide poles was necessary in 
order to ensure electron stability in the orbit. This 
was effected by using an electrolytic bath, in which the 
metal electrodes were of the same shape as the pro- 
pole surfaces. By careful use of a twin-probe 
null method, the change in the guide-flux density with 
the radius was estimated to the required degree of 





In Betatrons of the type shown in Fig. 1, in which a 
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Wy, ’ satisfactory field was obtained. The difficulty that 
Gi “ddd an electrolytic bath used in this way can, strictly speak- 


ing, only be applied to pole surfaces from which the 
exciting conductors are well removed, still remained. 
As a result of a discussion with Professor Peierls, a new 
method of predicting two-dimensional electromagnetic 
fields in the neighbourhood both ef iron surfaces and of 
current-carrying conductors was then used. This 
method consists in supplying to an electrolytic bath 
currents which correspond both in value and position 
with the ampere conductors in question. The steel 
core surfaces are replaced by insulation, so that the 
equipotentials in the bath correspond to the lines of 
flux. The shape of the guide pole having been decided 
in this way, dies were cut and stampings made from 
them. An actual stamping can be seen to the left of 
Fig. 5, opposite, which illustrates one of two complete 
pole rings. Each ring is made from some 3,000 stamp- 
ings, which are arranged radially. As flexibility is 
necessary, 80 that the guide field can be adjusted, the 
pole rings are made in four quadrants, each of which is 
impregnated with a thermal hardening varnish. 

The construction of the double-field Betatron 
installed at the Clarendon Laboratory is illustrated in 
Fig. 6, opposite. This shows how the magnetic circuit, 
which is required for the double-winding system just 
described, is made up from laminations. These lamina- 
tions are arranged to form a central cylindrical core, 
four outside legs, two pole rings and four yoke systems, 
all of which are maintained in contact by two rings of 
four bolts. All the radial joints between adjacent por- 
tions of the core involve laminations at right angles and 
must, therefore, be insulated. The flux which 
from an outer leg through the central core and back 
again, crosses eight such insulated joints, each of which 
has an effective air-gap length of 0-007 in. The central 
cylindrical core is built up of radially assembled 
laminations which are welded to steel retaining rings 
and are then impregnated with varnish. By slackening 
some of the upper core holding bolts, removing the 
upper ring of four bolts by which portions of the core 
are held under pressure, and slackening the lower ring, 
the entire top portion of the Betatron can be lifted, as 
shown in Fig. 7, opposite, to give access to the vacuum 
ring. This ring, or toroid, which is illustrated in Fig. 8, 
— is 15 in. in diameter and is made of circular 
glass tubing with a diameter of 35 mm., with a wall 
thickness of 1-5 mm. The cylindrical central core is 
illustrated in Fig. 9. This core is made up of radial 
laminations which are of six grades, and is held together 
by welding the laminations to two steel end rings. 
After welding, the core is varrish-impregnated and its 








surface is ground. 
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Fia. 7. Core ASSEMBLY. 


Fig. 10, opposite, shows, in radial section, the disposi- 
tion of the guide-field pole pieces, the vacuum chamber, 
and, by dotted lines, the boundaries of the region of 
stability. The field fall-off exponent was chosen as 0-5, 
so that the radial and vertical oscillations were of the 
same frequency, and so that an orbit space of circular 
cross section could be used. The space available for 
acceleration is partly blocked at one point by the 
electron gun which reduces the radial width to 1-6 cm. 
To ensure a high degree of uniformity in the field round 
the orbit, which is necessary owing to the limited orbit 
space, the pole pieces are divided into quadrants, each 
of which can be moved separately. These quadrants 
were adjusted so that variations in the field round the 
orbit were reduced until their resultant was equivalent 
to an error of less than 0-3 per cent. over one radian of 
circumference. 

Circumferential variations in the quadrature com- 
ponents of the guide field are important at the time of 
injection and, to compensate for these, coils are attached 
to the pole faces and are supplied with properly phased 
alternating currents. By this means, the field varia- 
tions at injection can be reduced to an equivalent of 
1 per cent. (0-27 gauss) acting over one radian. Sucha 
disturbance is calculated to produce a maximum radial 
oscillation amplitude of 1 cm. 

Small orbital control voltages are supplied from 
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auxiliary transformers in series with one of the Betatron 
windings. An in-phase voltage controls the equili- 
brium-orbit radius by slightly changing the ratio 
between the accelerating and guide fluxes, and this 
radius is varied during acceleration by a quadrature 
voltage. Owing to the resistances of the windings 
there is a phase difference of 0-04 radian between the 
two fluxes, which acts in such a sense that the orbit 
tendstoexpand. This phase difference can be reduced 
by injecting a small quadrature voltage. Alternatively, 
the orbit radius can be allowed to drift into the target at 
any stage of the acceleration without using the orbit 
expansion pulse. 

The electron injector, which is shown on the right of 
Fig. 8, is supplied with pulses at voltages up to 20 kV 
and lasting about 5 microseconds by an apparatus 
similar to that used in radar. After being accelerated 
for one quarter of a cycle of the magnetic field in the 
toroid, electrons are made to spiral outwards from 
their orbit towards the anode of the electron gun by 
a pulse from an expander circuit. 

When fully assembled, the Clarendon Laboratory 
Betatron weighs 17 cwt., and its electron energy at the 
peak flux density is 16-3 million electron volts. Under 
these conditions, the input power is 4 kW at 50 cycles 
per second, and the exciting current is 200 amperes at 
400 volts. The peak flux density in the orbit is 2,750 
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gauss and the peak volts per revolution 22 volts, the 
maximum orbit radius being 20-75 cm. Owing to the 
orbit space being narrow, and the employment of a 
closed central leg, which leaves the annular guide 
field as the only major flux in air, the weight and power 
input are low for an apparatus with this energy output. 

Extensive electromagnetic tests have been carried 
out on this Betatron since its completion in the spring 
of 1947, principally with the object of measuring and 
adjusting the circumferential uniformity of the guide 
field. Two different methods were used for this purpose. 
In the first, small pieces of thin “ radio” metal were 
placed accurately in the guide field so that they were 
saturated. The time of flux zero is then clearly indi- 
cated by a narrow peak of voltage, which is generated in 
a winding carried by the “ radio” metal. By using two 
such strips and moving one of them circumferentially, it 
is possible to record the variation in time of flux zero at 
different points round the orbit. In the other method, 
an air-cored search coil was accurately traversed round 
the orbit and the 50-cycle voltages developed in it were 
compared for amplitude and phase with a reference 
voltage. Such variations in phase afford a measure of 
the circumferential uniformity of the quadrature flux, 
that is, of the flux which is important at the time of 
injection. It was possible to determine the times of 
flux zero to within about 0-2 microsecond by both these 
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methods, the results being both consistent and in good 
agreement. This showed that steady residual or 
remanence fluxes were either uniform or small enough 
to be ignored. 

During the operation of the Betatron, six different 
quantities can be varied by remote control. These 
are the gun voltage, which affects the velocity of the 
electrons injected into the orbit; the gun-filament 
temperature, which controls the quantity injected ; 
the orbit radius, which is effected by adjusting a small 
voltage in series with the inner main winding; the 
phase difference between the guide and accelerating 
fluxes, which is carried out in a similar way ; the time 
of injection ; and the degree of guide-field uniformity. 
When the electrons are being accelerated some of them 
collide, either with gas molecules or with the walls 
of the vacuum ring. They thus give rise to X-rays, 
which are capable of operating a Geiger counter and 
so provide a sensitive method of indicating that the 
Betatron is in operation. The output is measured by 
an ionisation chamber, which is placed in the beam of 
rays from the target. In use, the double-field Betatron 
has accelerated electrons up to energies of 14 million 
electron volts, while an output of about 0-1 Réntgen 
per hour at a distance of a metre has been measured 
using 3 mm. of lead as a filter. 

As regards the applications of the Betatron, it seems 
fairly certain that there is a place for it in radiography. 
In this field the penetrating quality of y-rays reaches 
a limit of about two-million electron volts. To achieve 
reasonable quantities of radiation at this level, how- 
ever, it is necessary for the electrons to strike the 

t at considerably higher energy, and it is con- 
sidered that the Betatron should be a suitable source 
of these energies. Another potential use of the 
apparatus is in therapeutic radiology, where y-rays 
of between 10 and 20 million electron volts are likely 
to have the properties most capable of procuring 
ionisation at a depth below the skin. There is, in 
addition, the possibility that electrons, as well as 
y-Tays, can be obtained from the Betatron and these, 
too, are of potential importance in medical research. 
It is, however, realised that, at the same time as a 
search is made for applications, efforts must also be 
made to improve the performance of the Betatron 
and to simplify its operation, work which will engage 
the joint attention of both engineers and physicists. 





CONTRACTS. 


MEssRSs. JOHN BOOTH AND Sons (BOLTON), LIMITED, 
are to supply and erect steelwork at the Willesden 
carriage shed of the London Midland Region of British 
Railways. 

MEssRS. EDWARD WOOD AND Sons, LimtreD, Derby 
have received a contract from British Railways, London 
Midland Region, for the construction of shunters’ accom- 
modation, a cycle store and other buildings, including a 
signal box and a substation at Toton marshalling yard, 
in connection with the extensive modernisation pro- 
gramme being carried out there. 


MESSRS. ASHMORE, BENSON, PEASE AND COMPANY, 
LIMITED, Parkfield Works, Stockton-on-Tees, have been 
awarded two important blast-furnace contracts. The 
first is for the Polish Government and is for equipment 
for a furnace designed by the firm’s American associates, 
the FREYN ENGINEERING COMPANY. The second con- 
tract is for the rebuilding of the No. 1 furnace of the 
Cargo Fleet Iron Company, Limited. This will be the 
second furnace of this plant to be modernised. 

ASSOCIATED BRITISH OIL ENGINES, LIMITED, Duke’s- 
court, 32, Duke-street, St. James’s, London, S.W.1, have 
received an order from Messrs. Selfridges Limited, for 
Diesel-electric power plant having a total output of 
750 kW. The plant, which is to be installed in their 
Oxford-street store, comprises three Mirrlees TLB 8 
eight-cylinder Diesel engines, each rated at 420 brake 
horse-power, at 600 r.p.m., direct-coupled to 250-kW 
Brush alternators. Heat exchangers and an exhaust- 
heat boiler are also being supplied to recover the waste 
heat for the domestic hot-water system throughout a 
group of buildings. 

THE METROPOLITAN-CAMMELL CARRIAGE AND WAGON 
COMPANY, LIMITED, Saltley, Birmingham, in collabora- 
tion with ImpPERIAL CHEMICAL INDUSTRIES LIMITED, 
Metals Division, Witton, Birmingham, are the main 
contractors for the supply of 90 aluminium-alloy Under- 
ground Railway coaches to the London Transport 
Executive, 55, Broadway, London, S.W.1. The coaches 
are of the latest “R” type and are to be built of 
aluminium-alloy sheet and sections. The cost of the 
coaches will be about 1,250,0001. It is estimated that 
the saving in weight per coach will be 3-1 tons for a 
vehicle having the same structural rigidity as the 
existing steel coaches. The Executive’s policy is to 
replace the older stock, which consists of a mixture 
of motor and trailer coaches, by trains in which every 
coach is driven ; every other axle, namely, one on each 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, at 
the price quoted at the end of each paragraph. 


Coal-Tar Liquid Fuels—A new specification, B.S. 
No. 1469, concerns coal-tar liquid fuels. It has been 

repared at the request of the Association of Tar 

istillers and incorporates a revised version of B.S. No. 
503-1933, which deals with creosote for fuel in furnaces. 
The new publication covers also another type of coal- 
tar fuel known as creosote/pitch mixture or, especially 
in the tar-distilling industry, as “ C.T.F. 200.” The 
clauses of the new specification relate to specific 
gravity, viscosity, flash point, and gross calorific 
value. Limits for water, ash, carbon residue, and matter 
insoluble in toluol, are also included. Methods of 
sampling and testing are described in appendices. 
[Price 2s. 6d., postage included.]} 

Analysis of Nickel in Steel.—Part 6 of B.S. No. 1121, 
covering methods for the analysis of steel, has now 
been issued. It deals with methods for the deter- 
mination of nickel when present in amounts of less than 
0-5 per cent. in carbon and low-alloy steels. The 
solutions required, the test procedure, and the method 
of calculation are specified. Two methods are included 
in the specification, the precipitation by dimethyl- 
glyoxime followed by cyanometric titration being the 
primary method, with the nickelic glyoxime photo- 
electric absorptiometric method as an accurate alter- 
native. [Price ls., postage included. ] 

Leaded Zinc Oxide.—A new specification, B.S. No. 
1481, pre under the supervision of the Pigment, 
Paint Varnish Industry Standards Committee, 
covers leaded zinc oxide. It specifies that this material 
shall be in the form of a dry, soft powder, consisting 
of either co-fumed or blended zine oxide and basic 
sulphate of lead. The ification contains detailed 
requirements relating to om from coarse icles, 
oil absorption, colour, reducing power, volatile matter 
and matter insoluble in water. The methods to be 
employed in carrying out the various tests and a descrip- 
tion of the sampling procedure to be adopted are 
included as appendices. [Price 2s., postage included. ]} 





BOOKS RECEIVED. 


Sources of Engineering Information. By BLANCHE H. 
DALTON. University of California Press, Berkeley, 
California. [Price 4 dols.] Cambridge University 
Press, Bentley House, 200, Euston-road, London, 
N.W.1. [Price 228. 6d. net.] 
Manchester Association of Engineers. Transactions. 
Session 1947-48. Edited by T. Makemson. The 
Secretary, The Manchester Association of Engineers, 
20, Booth-street, Manchester, 2. 
Bulletin del’ Association Technique Maritime et Aéro- 
nautique. No. 47. 1948. Firmin-Didot et Cie, 
56, rue Jacob, Paris ; and the offices of the Association, 
1, Boulevard Haussmann, Paris (IXe.). [Price 
3,000 francs, postage extra.] 
Lloyd’s Register of Shipping. Revised General Regulations 
for the Classification of Steel Ships and Their Machinery, 
and Rules and Tables of Scantlings for the Construction 
of Steel Ships. Also Additions and Amendments to 
Other Sections of the Rules. Offices of the Register, 
71, Fenchurch-street, London, E.C.3. [Issued gratis.]} 
The Directory of Shipowners, Shipbuilders and. Marine 
Engineers, 1949. Compiled under the direction of the 
Editor of the Shipbuilding and Shipping Record. The 
Directory Publishing Company, Limited, 33, Tothill- 
street, Westminster, London, S.W.1. [Price 30s. net.] 
Railway and Other Steamers. By CHRISTIAN LESLIE 
Dyce DvucKWORTH and GRAHAM EASTON LANGMUIR. 
Shipping Histories, Limited, 62, Vincent-street, Glas- 
gow, C.2. [Price 30s.) 
Principles of Machine Woodworking. Sawing and Planing. 
Giving Examples of the Methods of Machine Wood- 
working and the Fundamental Principles of the Operation 
of Saws, Knives and Cutters. By A. H. Haycocn. 
The Technical Press, Limited, Gloucester-road, King- 
ston Hill, Surrey. [Price 10s. 6d. net.] 
Fractional Horse-Power Electric Motors: A Guide to 
Types and Applications. By E. K. Borrie. Charles 
Griffin and Company, Limited, 42, Drury-lane, London, 
W.C.2. [Price 15s. net.] 
Statik der Forménderungen von Vollwandtragwerken. By 
Inc. LEOPOLD HERZKA. Springer-Verlag, Mélker- 
bastei 5, Vienna 1, Austria. [Price 31.]} 
Die Gesamtplanung von Drampfkvaftwerken. By Dr. 
TECHN. LUDWIG Musi. Second edition, revised. 
Springer-Verlag, Jebensstrasse 1, Berlin-Charlotten- 
burg 2, Germany. [Price 42 DM.] 
Crystals and X-Rays. By Dr. KATHLEEN LONSDALE, 
F.R.S. G. Bell and Sons, Limited, York House, 





bogie, will be a motor axle. 


PERSONAL. 


Sm Harotp Harriey, K.C.V.O., C.B.E., M.C., 
F.R.S., has informed the Minist: r of Civil Aviation that 
he is relinquishing the chairmanship of the British 
Overseas Airways Corporation when his present term of 
office comes to an end on June 30. Sm MILES THOMAS, 
D.F.C., the present deputy chairman, will succeed Sir 
Harold as chairman, while Sir Miles will be succeeded 
as deputy chairman by Mr. WHITNEY STRAIGHT, who will 
also continue to be chief executive officer. 

Mr. C. K. F. Hacue, M.1I.Mech.E., managing director 
of Babcock and Wilcox, Limited, has been re-elected 
President of the British Engineers’ Association, 32, 
Victoria-street, London, S.W.1, for a second term of office. 
Mr. K. FRASER, M.A., M.I.Chem.E., chairman and 
managing director of W. J. Fraser and Company, Limited, 
Dagenham, Essex, has also been re-elected vice-president 
of the Association for a second term of office. 

Mr. R. Brooks, who retires from the Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, 17, on January 31, relinquished his position 
as chief engineer, control department, on December 31, 
1948. Mr. W. T. Gray has been appointed chief 
engineer, traction-control department (including the 
railway-signals and heating-elements sections), and Mr. 
G. L. NEWMAN, chief engineer, industrial contro] (includ- 
ing electronic control). Mr. A. D. FERGUSON and MR. 
C. M. SAYER have been appointed assistant chief engineers 
of the traction-control and industrial-control depart- 
ments, respectively, and Mr. S. A. GHALIB has become 
engineer-in-charge, electronic control. 

Mr. E. S. WappineTon, F.S.E., M.Inst.W., of the 
industrial department of Philips Electrical Limited, 
Century House, Shaftesbury-avenue, London, W.C.2, 
has been elected President, for 1949, of the Society of 
Engineers (Incorporated). 

Mr. Denis REBBECK, M.A., M.Sc., B.Litt., A.M.I. 
Mech.E., a member of Council of the Institution of 
Mechanical Engineers has been appointed vice-chairman 
of a committee which will co-ordinate the arrangements 
for the Festival of Britain of 1951, in Northern Ireland. 

Mr. J. Morris, for many years manager of the Crewe 
Works of Rolls-Royce Limited, has now become directer 
of technical research and development with Sentinel 
(Shrewsbury) Limited, Shrewsbury. 

Mr. E. H. BAKER, district motive-power superinten- 
dent, British Railways, London Midland Region, Gorton, 
has been made assistant divisional motive-power super- 
ictendent, Derby. 

Mr. GEoRGE THOMSON has been appointed outdoor 
machinery and electrical assistant to the Mechanical and 
Electrical Engineer, the Railway Executive (Scottish 
Region), Glasgow. 

THE Docks AND INLAND WATERWAYS EXECUTIVE, 
22, Dorset-square, London, N.W.1, have appointed Mr. 
S. M. SEWELL, formerly assistant district goods and dock 
manager, Railway Executive, North Eastern Region, 
West Hartlepool, to be docks manager, King’s Lynn, 
and Mr. R. Butrery, formerly chief inspector, docks and 
traffic, Railway Executive, London Midland Region, 
Goole, to be docks superintendent, Goole. 

Mr. Rex Bate has been appointed a local director 
of the Brush Electrical Engineering Company, Limited, 
Loughborough, with the title of sales director. He joined 
the company in February, 1946, as manager of the trans- 
former department, and was appointed general sales 
manager in the following year. 

"Mk. ANDREW BLYTH has resigned his position as 
sales manager of High Duty Alloys, Limited Slough, 
Buckinghamshire, to take up the appointment of general 
manager with William Mills Limited, aluminium-alloy 
founders, Friar Park-road, Wednesbury, Staffordshire. 
“Mr. W. G. GorHaM, who joined the Dunlop Rubber 
Company, Limited, in 1920, has been appointed general 
manager of Dunlop Special Products Limited. 

Mr. J. R. PaRTON, who commenced his business career 
with the Vacuum Oil Company, Limited, Caxton House, 
London, S.W.1, in 1926, has recently rejoined the com- 
pany as manager of the marine sales department. 

Mr. MAURICE NACHSHEN, B.Sc., M.1.C.E.,M.1.Struct.E., 
consulting engineer, has moved his office from Parliament 
Mansions, Abbey Orchard-street, to 58, Victoria-street, 
London, 8.W.1. (Telephone: VICtoria 0353.) 

THE VAUGHAN CRANE COMPANY, LIMITED, West 
Gorton, Manchester, 12, have opened a new branch 
office at Princes Chambers, 6, Corporation street, Birming- 
ham, 2. (Telephone: Birmingham Midland 3933.) 
The office is in charge of the firm’s area manager, MR. 
H. L. B. CHristy. 

THE COVENTRY GAUGE AND TOOL COMPANY, LIMITED, 
Coventry, and the ROCKWELL MACHINE TOOL COMPANY, 
Luirep, Second Way, Exhibition Grounds, Wembley, 
Middlesex, have concluded an agreement with the 
AMERICAN BROACH AND MACHINE COMPANY, Ann Arbor, 
Michigan, U.S.A., for the manufacture of “ American ” 





Portugal-street, London, W.C.2. [Price 21s. net.] 


broaching machines in this country. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—Rounding off a remarkable year with 
an output, in December, equivalent to an annual rate of 
2,398,600 tons of ingots and castings, the Scottish steel 
industry, with an actual output of 2,253,900 tons for 
1948, broke a record of 28 years’ standing—namely, 
2,074,400 tons set up in 1920. On only two other 
occasions—1940 and 1943—did outputs exceed 2,000,000 
tons. The 1947 total was 1,878,900 tons. Pig-iron 
makers also had a highly successful year, with an actual 
production of 765,700 tons, as compared with 592,200 
tons in 1947. December production was at an annual 
rate of 779,400 tons against 609,400 tons in 1947. Since 
1920, when the record pig-iron output of 902,500 tons 
was made, last year’s result was exceeded only once, 
768,500 tons being produced in 1923. Assisted by a 
slight improvement in supplies of fuel and raw materials 
during the holidays, steel outputs have been running at 
a highly encouraging level since the works re-started 
last week. Pig-iron production is also being steadily 
maintained, and results so far compare favourably with 
the remarkable achievements of last year. Allocations 
for Period 1 have now been made, and it appears that 
tonnages for shipment abroad are slightly higher, while 
further tonnages are being looked for as an outcome of 
the various bi-latera] trade agreements under negotia- 
tion. 


Scottish Coal.—The Divisional target for deep-mined 
coal for 1949 has been fixed at 25,000,000 tons, the same 
figure as last year. Despite Sootland’s failure by over 
1,200,000 tons to reach the 1948 target, disappointment 
has been felt that the leeway is not expected to be more 
than made good this time. There was conclusive evid- 
ence last December that at least 500,000 tons a week is 
within the capacity of the Division. All that is required 
to exceed 25,000,000 tons in 1949 i; regular attendance 
and steady application. There have been fairly good 
attendances at the pits since the resumption after the 
New Year holiday, with absenteeism in some areas 
slightly below the average for the whole of last year. In 
the first week, which included only three and a half work- 
ing days, 270,000 tons were mined, as compared with 
466,400 tons in the corresponding week a year ago, 
when, however, a full week was worked. In the mean- 
time the supply position for consumers remains close in 
parts, especially among users of round coal. Depot 
stocks of house coal are dwindling despite the help of 
5,000 tons from the North of England during the past few 
weeks, and further relief is being sought. Export 
activity is increasing. Exports and bunkers shipped 
from Scottish ports in 1948 aggregated 2,232,659 tons, 
comprising exports of 1,319,383 tons and bunkers of 
913,276 tons. Eire was Scotland’s best customer, 
receiving 364,641 tons, followed by Sweden with 287,709 
tons. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Supplies of Derbyshire and Lincoln- 
shire pig-iron are becoming more plentiful, and there 
have been satisfactory arrivals of hematite irons. More 
iron and steel scrap have reached the sorting yards and 
there are adequate stocks at the melting plants. New 
bookings in steel are not equal to the orders being worked 
off. Numerous orders have not been completed, which 
account for the present activity and will keep the plants 
working fully for some considerable time. There is, 
however, a falling-off in export business, mainly due to 
revival of competition from the Ruhr. For some little 
time, Czechoslovakia has been competing with Sheffield 
in special steels. The Iron and Steel Controller of Pakis- 
tan has arranged to visit Sheffield to approve of plans 
and designs of a pilot plant for Pakistan for the manu- 
facture of special alloy steels of Sheffield type, a project 
sponsored by the Chairman of Darwins Limited, Shef- 
field, Dr. N. D. Chopra. The plant is estimated to cost 
100,000. and the chairman of Darwins has undertaken 
to give free tuition to 15 Pakistan boys to work on the 
plant with the advice and help of technicians from 
Sheffield. 


South Yorkshire Coal Trade.—Gradually the effects of 
pit holidays are disappearing. Aftera period of priority 
for public-utility undertakings, supplies are being more 
generally allocated. Good deliveries have been made to 
locomotive depots, and a return has been made to satis- 
factory dispatches of best steams to the Humber ports 
for shipment abroad and washed steams for bunkers. 
The demand for gas coal is strong and supplies do not 
cover all requirements which have been particularly 
heavy for a few weeks. Coking coal is in demand to 
restore all ovens to full heats and supply the iron and 
steel trades with hard coke. Much more coke-oven gas 
is needed through the South Yorkshire Gas Grid to 
satisfy industrial and other requirements in Sheffield and 
district. House coal is active, and patent fuel is in strong 
request. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—All b hes of the iron and allied 
trades are busy. The demand for maximum deliveries 
is intense and new business is difficult to put through 
owing to the extent of the works commitments. The 
supply of raw materials is on a better scale than seemed 
likely until recently, and is expected to improve. Sub- 
stantial parcels of native ironstone are reaching users 
and satisfactory quantities of foreign ore are held by 
consumers. Imports of overseas ore to the Tees last year 
reached the record figure of 2,670,000 tons, and require- 
ments for the current year will be on an even larger scale. 
Big deliveries of iron and steel scrap from home and 
overseas sources are reported ; the tonnage imported in 
1948 reached 177,594, establishing a new record. The 
heavy supply has eased the position at the steelworks, 
but cast-iron scrap for the foundries is still in strong 
request. Complaints of a serious shortage ef pig iron 
continue and production of finished commodities falls 
vastly short of the demand. 

Foundry and Basic Iron.—The scarcity of common 
foundry pig continues to hamper operations at plants 
turning out light castings and other descriptions of 
material in very strong request. Consumers between the 
Tees and the Tyne are drawing the bulk of their supplies 
from the Midlands, but regular and adequate deliveries 
from that producing centre cannot be relied upon. Basic 
iron makers are providing a satisfactory tonnage for the 
requirements of their steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—The 
available supplies of East-Coast hematite are insufficient 
for the current requirements of regular customers and 
outputs of iron low in phosphorus are moving steadily 
into use. Refined-iron manufacturers are able to deal 
satisfactorily with buyers’ requirements. 

Manufactured Iron and Steel.—Makers of semi-finished 
and finished fron have substantial bookings, and steel 
producers are as fully sold as is thought to be advisable. 
Both home and overseas customers are pressing for much 
larger deliveries than they are receiving, but the position 
is difficult and a considerable increase in tonnage alloca- 
tion can hardly be expected at present, though the 
authorities are apparently anxious to increase the volume 
of export trade. Of the 347,534 tons of iron and steel 
shipped from the Tees last year, 50 per cent. consisted of 
angles, bars and plates. An improvement in the supplies 
of semi-finished steel to the re-rolling mills is welcome. 











NOTES FROM THE SOUTH-WEST. 
CarpirFr, Wednesday. 

The Welsh Coal Trade.—Cardiff now has the largest 
mining school in the country. A new home for the 
mining department of Cardiff University College was 
opened during the past week, but Principal Sir Frederick 
Rees, who presided at the ceremony, said it was hoped 
soon to build a five-storey building in place of the present 
prefabricated buildings. Mr. T. E. B. Young, the mem- 
ber of the National Coal Board who performed the 
opening ceremony, speaking at a dinner later in Cardiff, 
warned the miners not to expect any further concessions 
from the Coal Board until they had earned those already 
granted. The Government had intimated that there 
was to be no further increase in the price of coal and no 
subsidy would be granted. There could thus be no 
more concessions until those made had been paid for. 
They were under an obligation to produce 210,000,000 
tons of coal this year. In the week before Christmas 
production was at the rate of 220,000,000 tons. To 
blame inadequate labour force for last year’s output he 
said was nonsense. Two strikes, which between them 
involved 3,600 men in the South Wales coalfield, have 
been settled during the past week. At Bedwas Colliery, 
2,000 men were idle for more than a week, losing about 
15,000 tons in output over a dispute concerning the 
operation of the seniority rule. At the Lewis Merthyr 
Colliery, in the Rhondda, the men went on strike over a 
demand for higher pay for men handling heavier stee) 
supports underground. Operations have been difficult 
on the steam-coal market throughout the past week. 
There has been a sustained demand from both home and 
foreign consumers, but supplies have been difficult to 
secure for early delivery. Bookings in hand from the 
principal users were sufficient to earmark almost the 
whole of the potential outputs for some time to come. 
On export account, the chief activity was for the French, 
Portuguese, South American and Eireann trades, but 
other consumers were showing interest. Spanish business 
remained quiet, but Italian buyers were more active. 

Swansea Steel-Sheet Indusiry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business continued strong in tone. The 
demand was good and, as makers are now heavily 
committed for the first quarter, business eased off a 
little. The export demand was also strong and the sales 





were above the average. Steel sheets are unchanged. 


NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
January 24, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on ‘“ Generation of Electricity by Gas- 
Turbine Plant,” opened by Mr. L. J. Cheshire. North- 
Eastern Centre: Monday, January 24, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. ‘‘ Electric Traction on the 
Southern Railway,” by Mr. C. M. Cock. Measurements 
Section: Tuesday, January 25, 5.30 p.m., Victoria- 
embankment, W.C.2. Discussion on “ Meter Testing,” 
opened by Mr. H. S. Petch. South Midland Centre: 
Tuesday, January 25, 6 p.m., Town Hall, Birmingham. 
Faraday Lecture on “ Television,’ by Sir Noel Ashbridge 
and Mr. H. Bishop. Kast Midland Centre: Tuesday, 
January 25, 6.30 p.m., Loughborough College, Lough- 
borough. “ Lightning Protection of High-Voltage Over- 
head Systems,” by Mr. H. M. Lacey. Scottish Centre: 
Tuesday, January 25, 7 p.m., Royal Technical College, 
Glasgow. “ Centralised Ripple Control] on High-Voltage 
Networks,” by Mr. T. W. Ross and Mr. R. M. A. Smith. 
Radio Section: Wednesday, January 26, 5.30 p.m., 
Victoria-embankment, W.C.2. ‘ Magnetic-Tape Re- 
corders,” by Mr. E. M. Payne. 

INSTITUTION OF MECHANICAL ENGINEBRS.— Yorkshire 
Branch: Monday, January 24, 6 p.m., Royal Victoria 
Station Hotel, Sheffield. Annual Meeting (followed by 
Branch Dinner). North-Eastern Branch: Monday, 
January 24, 6 p.m., News Theatre, Pilgrim-street, New- 
eastle-upon-Tyne. “ Britain’s Energy: A New Concep- 
tion,” by Sir Claude Gibb. East Midlands Branch : 
Tuesday, January 25, 6.30 p.m., Technical College, 
Lincoln. Presidential Address by Captain (E) W. 
Gregson. Saturday, January 29, 3 p.m., Technical 
College, Shakespeare-street, Nottingham. Annual Meet- 
ing. “‘ Cinematography in Engineering,” by Mr. H. A. V. 
Bulleid. Southern Branch: Thursday, January 27, 
6.30 p.m., Municipal College, Portsmouth. Thomas 
Lowe Gray Lecture: “‘ Marine Engineering in the Royal 
Navy,” by Engr. Vice-Admiral Sir John Kingcoome. 
North-Western Branch : Thursday, January 27, 6.45 p.m. 
Engineers’ Club, Manchester. Thomas Hawksley Lec- 
ture: “‘ Heat Engines,” by Mr. K. Baumann. Institu- 
tion: Friday, January 28, 6 p.m., Storey’s-gate, S.W.1. 
“ Application of Free Jets to Mixing of Fluids in Bulk,” 
by Mr. H. Fossett and Mr. L. E. Prosser. “ Cyclone Dust 
Collectors,” by Professor A. J. ter Linden. AUTOMOBILE 
Division. Birmingham Centre: Tuesday, January 25, 
6.45 p.m., James Watt Institute, Birmingham. “‘ Valve- 
Port Design and Volumetric Efficiency of the Compres- 
sion-Ignition Engine,” by Mr. C. B. Dicksee. Western 
Centre: Thursday, January 27, 6.45 p.m., Royal Hotel, 
Bristol. ‘“‘ Engineering of a Modern All-Metal Motor 
Body,” by Mr. E. 8. White. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Janu- 
ary 25, 5.30 p.m., Great George-street, 8.W.1. “‘ Trend 
of Hangar Design,” by Mr. J. B. F. Hawkins. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, January 25, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘“‘ Notes on Trawl Fishing,” by 
Mr. D. B. Cunningham. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
January 25, 7 p.m., 198, West-street, Sheffield. Annual 
Meeting. 

RoyaL UNITED SERVICE INSTITUTION.—Wednesday, 
January 26, 3 p.m., Whitehall, S.W.1. ‘“ Royal Naval 
Dockyards in the Late War,” by Vice-Admiral Sir Cecil 
Talbot. 

ROYAL METEOROLOGICAL SocreTy.—Wednesday, Janu- 
ary 26, 5 p.m., 49, Cromwell-road, S.W.7. Annual 
Meeting. ‘‘ Ice in the Atmosphere,” by Dr. G. M. B 
Dobson. 

ROYAL AERONAUTICAL Soctetry.—Preston Branch: 
Wednesday, Jenuary 26, 7.15 p.m., Technical College, 
Preston. ‘ Instrumentation in Flight Testing,”’ by Miss 
B. M. Rimmer. Society: Thursday, January 27, 6 p.m., 
Institution of Civil Engineers, Great George-street, 
S.W.1. “ Radar as an Aid to the Study of the Atmo- 
sphere,” by Dr. F. E. Jone. 

INSTITUTE OF BRITISH FOU... ORYMEN.— London Branch: 
Wednesday, January 26, 7.30 p.m., Waldorf Hotel, 
Aldwych, W.C.2. ‘‘Synthetic-Resin Core Binders,” by 
Mr. G. L. Harbach. East Midlands Branch: Saturday, 
January 29, 6 p.m., Loughborough College, Lough- 
borough. “‘ Venting of Cores and Moulds,” by Mr. D. 
Killingworth. 

Norts-East Coast INSTITUTION OF ENGINEERS AND 
SHIPevritpers.—Friday, January 28, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘“‘ Vibration Diagnosis 
in Marine Geared Turbines,” by H. G. Yates. 

MANCHESTER STATISTICAL Soctety.—Friday, Janu- 
ary 28, 6.45 p.m., 16, St. Mary’s Parsonage, Manchester. 
“ Design of Simple Physico-Chemical Experiments,” by 





Dr. G. P. Sillitto. 
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DEVELOPMENT OF BRITISH LOCOMOTIVES. 


(For Description, see Page 68.) 














Fie. 1. Great NortHerRn Rattway Atiantic Locomotive, 1902. 























Fie. 2. Great WesteRN Rattway 4-6-0 Locomotive, 1902. 

















Fie. 3. Great WrEsTERN Raimtway 4-6-0 Locomotive, 1909. 
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CORROSION OF METALS. 


In the course of the past half-century, a number 
of engineers and metallurgists have emphasised the 
economic importance of corrosion by estimating the 
monetary value of the loss that occurs by rusting 
of structural steel and iron. Some of them were 
mentioned in a paper to the Institution of Civil 
Engineers, in 1922, by the late Sir Robert Hadfield, 
who fairly criticised the usual disregard of losses 
indirectly due to corrosion without, in his turn, 
being able to form any useful estimate of their 
monetary equivalent. Nevertheless, his intelligent 
guess that the annual cost of the world’s rust at 
that time probably amounted to well over 700 
million pounds sterling was sufficiently startling. 
The corresponding figure to-day, no doubt, is two or 
three times as great, despite a temporary reduction 
of steel output in Germany and a broadening appre- 
ciation and use of corrosion-resisting measures. 
The indictment against corrosion is by no means 
exhausted, however, in the premature replacement 
of material thus rendered unserviceable, the need 
for repeated application of deterrent coatings, and 
the use for special purposes of expensive substitutes ; 
it should include, for example, the indirect costs of 
damage due to corrosion failures in service, and the 
incidental losses of productivity and human life. 
Foodstuffs and other packaged goods are con- 
taminated by corrosion products, water and gas are 
wasted by leakage, chemical processes are impeded, 
structural safety factors are augmented, and 
throughout industry there is loss of efficiency, risk 
of breakage or explosion, and all the consequent 
elaborate and costly routine of periodical inspection. 
Perhaps the most serious aspect of corrosion, in 
the long view, is that the world’s irreplaceable 
resources of iron ore are being exhausted, para- 
doxically enough by processes in which the refined 
metal reverts’ to something like its original and 
natural form, yet so dispersed as to be practically 
valueless. It is also remarkable, and at the same 
time unfortunate, that steel, the mechanical proper- 
ties of which raise it to predominance among engi- 





neering materials in respect of the scope and 


diversity of its uses, should be more susceptible to 
corrosion than many of the less suitable or less 
plentiful non-ferrous metals and alloys. Equally 
unfortunate are the facts that the polluted industrial 
atmospheres in which engineering steel very often 
has to function aggravate corrosive attack, and that 
the alloying ingredients which so far have been 
found to im the corrosion of steel add signi- 
ficantly—often prohibitively—to its cost, commonly 
without compensating advantages as regards 
mechanical qualities or ease of fabrication. 

These factors, and many others that come 
readily to mind, provide ample justification for the 
large, yet steadily expanding, volume of scientific 
research into the ramifications of metallic corrosion. 
Over 20 years ago, the mere bibliography of corrosion 
investigations occupied a book of more than 300 
pages. Since then the subject has made rapid 
advances in many directions and the scope of 
corrosion research has widened, along with an 
increasing conscioushess among engineers and other 
metal users, as well as metallurgists and chemists, 
of their responsibility to reduce corrosion by such 
means as are available and as appear practicable. 
This commendable attitude, no less than the elusive 
character of the fundamental processes involved, 
as revealed by the continual discovery of new 
aspects of long-standing problems, are exemplified 
in the recent appointment by the Ministry of 
Health of a committee to study the cause and cure 
of the premature external corrosion of cast-iron and 
spun-iron water pipes laid in sulphate-bearing clay 
subsoils, which is causing serious concern in view of 
large-scale projects for supplying piped water to 
rural areas, 

Additionally and very valuably exemplified is 
the important point that, however instructive the 
results of laboratory experiments may be, and how- 
ever promising the preventive measures devised, 
any actual limitation of the world-wide toll exacted 
by corrosion depends ultimately on their being put 
to proper use by practical engineers, metallurgists, 
and manufacturers of paints and protective treat- 
ments. But the basic processes of corrosion are so 
subtle that, unless practical preventive measures 
are applied intelligently, and adjusted to circum- 
stances in the light of at least an elementary know- 
ledge of corrosion theory, the consequences may be 
worse than useless in a specific application and may 
raise doubts about the validity of corrosion research 
asa whole. Without some background of theoretical 
knowledge, moreover, the co-operation of engineers 
and others in observing corrosion: phenomena in 
the course of their work, and bringing forward fresh 
problems for specialised study, must be impaired 
and the advance of knowledge retarded. Another 
aspect of such co-operation is sufficiently empha- 
sised by the mere mention of the effects of corrosion 
in combination with stress and other strictly 
engineering conditions. 

The need, thus clearly evident, for a concise, in 
some respects simplified, yet strictly scientific 
exposition of corrosion theory, and for a compilation 
of wider scope dealing with the phenomena and 
treatment of metallic corrosion encountered in 
industry, has lately been met, perhaps as adequately 
as is possible at present, by two important books* 
published during 1948. One of them is by Dr. Ulick 
Evans, one of the foremost authorities on metallic 
corrosion in this country, whose original researches 
in the University of Cambridge have gained him an 
enviable reputation and whose earlier large books 
are internationally regarded as standard works on 
corrosion, passivity and protection. His primary 
aim, in the present volume, has been to provide an 
entirely new account of the subject, short enough 
to be read completely in a reasonable time by 
students and mature technologists who are not 
specialists in corrosion. This must not be taken to 
imply that the matter of the book can be understood 





* An Introduction to Metallic Corrosion. By Ulick R. 
Evans, M.A., Sc.D. Edward Arnold and Company, 
41 and 43, Maddox-street, London, W.1. [Price 12s. 6d. 
net.) 

Corrosion Handbook.. Edited by Professor Herbert 
H. Uhlig, Ph.D. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 12 
dols.]; and Chapman and Hall, Limited, 37, Essex- 





street, London, W.C.1. [Price 72s. net.] 
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and absorbed without effort, especially by readers 
who come fresh to the subject or who lack some 
familiarity with either chemistry or metallurgy and 
their terminologies ; though some of the difficulty 
is surmounted by an introductory essay on electro- 
chemistry, a knowledge of which Dr. Evans regards 
as essential to the comprehension of corrosion 
processes. The interest of the newcomer should 
be aroused by an admirable historical note which 
traces the growth of corrosion theory and research 
since the Eighteenth Century, and retained by the 
author’s practical illustrations of basic principles. 

The main body of Dr. Evans’s authoritative 
text contains much that is, or ought to be, the 
immediate concern of engineers. He reviews, 
for instance, the major factors influencing the 
service life of metals in general and discusses 
corrosive attack by dissolved oxygen. He deals 
with the corrosion of metals that are buried in the 
ground, wholly or partly immersed in various 
environments, or exposed to rapidly moving water. 
The ground common to engineering and metallurgy 
is surveyed by a concise account of corrosive action 
as affected by the structure of metals and the 
steady or fatiguing stresses, the friction, the wear 
or the fretting to which they may be subject in 
service. He writes instructively. of the factors 
underlying the choice of protective coatings and 
surface treatments, explaining the mechanism of 
their action when it is successful, the reasons for 
their occasional failure, and the methods of produc- 
ing and using them. The interest of the chemist, 
never wholly removed from any aspect of corrosion, 
should be stimulated by the author’s constructive 
approach to corrosion by acids and alkalis, and its 
prevention by soluble inhibitors, much of which 
bears on the design or operation of industrial plants 
and processes. The final chapter is devoted to the 
statistical and mathematical treatment of test 
results. 

Professor Uhlig’s Corrosion Handbook comprises 
nearly 1,200 closely printed pages, and contains 
articles by over 100 contributors, in the course of 
which practically every aspect of corrosion, every 
metal, and every type of corrosive agent of industrial 
importance receives consideration. In addition, a 
number of non-metallic materials, ranging from wood 
to porcelain (but with the regrettable omission of 
structural masonry and concrete) are dealt with along 
the same lines, their progressive wastage being 
termed ‘deterioration ” in distinction to ‘“ corro- 
sion,” which is defined as the destruction of 2 metal 
by chemical or electrochemical reaction with its 
environment. Herein is discernible the influence of 
Dr. Ulick Evans, whose introductory outline of corro- 
tion mechanisms is the only contribution which the 
Handbook has drawn from outside the American 
continent. Three other essays presenting different, 
though not conflicting, views of corrosion theory 
make up a foundation for the study of corrosion in 
relation to materials and environments, and of the 
influences of auxiliary agencies such as heat and 
stress. The two remaining major sections deal, 
respectively, with protection and testing, and the 
text is completed by shorter articles about materials 
specially resistant to high-temperature and chemical 
corrosion, together with some miscellaneous infor- 
mation, tabulated data and a glossary of corrosion 
terminology. 

Concise writing and careful editing have combined 
to bring within a single volume an impressive 
amount of established knowledge, some of which is 
hitherto unpublished, much of it dispersed through- 
out technical literature, and all of it presented and 
critically discussed by specialists in corrosion 
problems in a form convenient for either reference 
or extended study. The emphasis throughout is 
on quantitative information and protective mea- 
sures, qualitative data that might give rise to 
uncertainty of interpretation being reduced to a 
minimum; though it is not entirely eliminated, 
since the compilation of the work has disclosed 
many gaps in corrosion technology, the mere 
recognition of which should provide the stimulus 
for new experimental research. Bothin these and 
other directions, the user of metals can play as 
important a part as was foreseen by the Corrosion 
Division of the Electrochemical Society in sponsoring 
so deliberately comprehensive a work. 





THE ELECTRICITY SUPPLY 
COMMISSION OF SOUTH 
AFRICA. 


AtrHoucH the Electricity Supply Commission 
of the Union of South Africa was established in 
1923, its origin was four years earlier, when the 
South African Government invited the late Dr. 
Merz to report on railway electrification and electric 
power supply in the Union. The report on railway 
electrification was actually prepared by Mr. F. 
Lydall, a member of the staff of Messrs. Merz and 
McLellan, who went to South Africa in 1917 to 
study the question. When his report was received 
in 1919, Dr. Merz was asked to go out and study the 
whole electric power question in the Union. He 
did this and in his report advised that the power- 
supply industry should be subject to more central 
control, but without this necessarily involving the 
acquisition or operation of generating stations by 
the Government. He also advised the appointment 
of Electricity Commissioners. The Electricity Act 
of 1922 was based on this report, but in Dr. Merz’s 
own words “went considerably further than our 
report recommended.” It set up the Electricity 
Control Board and the Electricity Supply Com- 
mission. The duties of the former body were 
generally analogous to those of the Electricity 
Commission set up in this country in 1919; the 
latter body had functions roughly equivalent to 
those of the Central Electricity Board, which was 
formed in Great Britain in 1926, four years after the 
corresponding authority in South Africa. 

As a result of nationalisation, these British 
authorities have gone out of existence, but the 
system of control and operation introduced in 
South Africa is still in successful operation. The 
progress which the Electricity Supply Commission 
has made since its inception is well illustrated by 
the facts that in 1925 the total generating capacity 
under its control amounted to 400 kW, and the 
capital involved to 389,3271. In 1948, the corre- 
sponding figures were 1,343,190 kW and 45,250,0001. 
This remarkable progress in such a relatively brief 
period owes much to the ability and enterprise of 
Dr. H. J. van der Bijl, who has been the chairman 
of the Commission throughout its history. Born 
in Pretoria, Dr. van der Bijl had embarked on a 
career as a research physicist, first in Europe and 
later in the United States, but, in 1920, was per- 
suaded by General Smuts to return to South Africa 
as technical adviser on industrial development to 
the Department of Mines and Industries. He had 
much to do with the framing of the Electricity Act 
which established the Commission, and has been 
closely connected with the development of the 
metallurgical industries of the Union. 

The Electricity Supply Commission is not a para- 
mount authority in its field. It has not got a mono- 
poly and although it may acquire and work electricity 
undertakings for supplying Government depart- 
ments, railways, local authorities and ‘‘ any persons 
whatsoever,” it has no power arbitrarily to take over 
existing undertakings. In spite of its great expan- 
sion, it is still not concerned with the electricity 
services of either Pretoria or Johannesburg. Per- 
mission, or licence, to supply in any area may be 
granted by the Electricity Control Board to bodies 
other than the Commission, such as local autho- 
rities and commercial undertakings, but as a matter 
of practice the Commission has become the major 
supply authority of the Union and is constantly 
extending its sphere of activity. It now has licences 
to supply over five areas. These are in the hinter- 
land of Cape Town, in Natal, in the Transvaal, 
around East London in the Cape of Good Hope, and 
at Sabie. 

To mark the completion of twenty-five years of 
operation, the Commission has issued an attractive 
booklet,* which records the main incidents of its 
history and gives brief particulars of its power 
stations and transmission systems. The first 
licences granted to the Commission in 1925, covered 





* Twenty-Five Years, a Record of the Origin, Progress 
and Achievements of the Electricity Supply Commission, 
Union of South Africa, 1923-1948. Electricity Supply 
Commission, Escom House, Johannesburg, South 
Africa. 





the Cape Town area, the Witbank area in the Trans- 
vaal, the Natal Central area, and Sabie. The first 
supplies actually furnished were at Sabie, when a 
350-kW set at Malieveld Spruit was started up in 
November, 1925. 

The history of the Cape Town and Witbank 
installations, figuring among the first licences, 
illustrate the business-like procedure of the Com- 
mission and help to explain its rapid progress. The 
first concern of the Commission in the Cape Town 
area, known as the Cape Peninsula, was the supply 
of power for the electrification of the suburban rail - 
ways, arrangements for this supply having been 
entered into with the Railway Administration. 
For this purpose, the Commission built the Salt 
River power station, which had an initial installation 
of three 10,000 kW sets. When this station was 
under construction, an agreement was concluded 
with the Municipality of Cape Town for inter- 
connection between it and the Corporation’s Table 
Bay station for the purpose of giving mutual 
assistance in emergencies or during periods of 
abnormal load. In 1932, this agreement was 
extended and the power stations of the two authori- 
ties were operated as a single producing unit. The 
capacity of the Salt River station, initially 30,000 
kW, has been increased to 90,000 kW and extensions 
in hand at the Table Bay station will bring its 
capacity up to 200,000 kW. 

The procedure followed in connection with the 
application of the Commission’s powers at Witbank 
forms another example of the practice of co-opera- 
tion with other undertakers on which the rapid 
progress which has heen made is to a considerable 
extent based. In 1922, the Victoria Falls and 
Transvaal Power Company planned to erect a new 
station to meet the rapidly-growing load on the 
Witwatersrand and applied to the Electricity Control 
Board for a licence. As, however, the Electricity 
Supply Commission had been granted a licence 
in this area, it approached the Victoria Falls Com- 
pany and came to an arrangement by which the 
Witbank station was built and operated by the 
company on behalf of the Commission. The 
station which had an initial capacity of 20,000 kW, 
now contains 108,000 kW of plant and is to be further 
extended. This example of co-operation between 
the Victoria Falls Company and the Commission 
was followed by others of the same type and the 
Klip and Vaal power stations were later built and 
operated on the same terms. The Klip station, 
which produces more than half of the total output 
of the Commission’s systems, now has a generating 
capacity of 424,000 kW. That of the Vaal station 
is 132,000 kW with a 33,000-kW set under erection. 
This co-operation between the Victoria Falls Com- 
pany and the Commission finally led to the purchase 
of the electricity undertaking of the former by the 
latter, and from July, 1948, the whole of the exten - 
sive Transvaal supply area was incorporated in the 
Commission’s system. The purchase price was 
14,500,0001. As is indicated’ by its name, the original 
intention of the Victoria Falls and Transvaal Power 
Company was to develop hydro-electric power at 
Victoria Falls for the supply of the gold-mining 
industry of the Rand. Investigation showed, how- 
ever,that the more economical procedure would be to 
build coal-burning steam stations. There are large 
deposits of coal in the Transvaal, Natal and the 
Free State. 

Although, from the point of view of output, the 
Transvaal is by far the most important area supplied 
by the Commission, it operates on an extensive 
scale in other districts. The Congella power 
station at Durban has a capacity of 138,000 kW, 
two 40,000 kW sets are being added, and a further 
station of an ultimate capacity of 240,000 kW is 
to be built at Pinetown, in the same area. The 
building of the Congella station formed another 
example of the interworking with other authorities 
which has been characteristic of the Commission 
throughout its history. The Durban Corporation, 
in 1925, contemplated building a new power station 
to supplement its 14,950-kW plant which was 
becoming inadequate for the growing load. The 
Commission, however, was able to come to an 
arrangement with the Corporation under which 
the town was supplied in bulk from the Congella 
station, which serves other parts of the licensed area. 
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NOTES. 


INSTITUTION OF MECHANICAL ENGINEERS. 


Screw threads are as cld as engineering itself, but 
the behaviour of metal in that form is not wholly 
understood. Particular interest therefore attaches 
to two papers of the Applied Mechanics Group pre- 
sented to the Institution of Mechanical Engineers 
on Friday January 14: “The Distribution of Load 
in Screw Threads,” by Dr. D. G. Sopwith, Wh.Sc., 
A.M.I.Mech.E., and ‘Tensile Fillet Stresses in 
Loaded Projections,” by Dr. R. B. Heywood, B.Sc., 
A.M.I.Mech.E. Dr. Sopwith attempted to “ refine 
and extend ” the theories relating to the fact that 
the distribution of load along the length of a nut, 
for example, is not uniform. Certiin assumptions 
were made. Errors in pitch and in the angle of 
thread are neglected, and limiting friction is as- 
sumed. No account is taken of the stress-concen- 
tration effects at the root of the thread. The strains 
which give rise to the non-uniform distribution of 
load are analysed and the distribution along the 
thread helix is deduced. It is shown that the load 
may be taken as concentrated at mid-depth of the 
threads. In the usual case of a bolt and nut the 
maximum intensity of loading occurs at the bearing 
face of the nut, and may be two or more times the 
mean; it is almost independent of the length of 
nut, unless yielding occurs. Methods of ensuring 
uniform distribution of load are considered, includ- 
ing the use of a slightly smaller pitch for the threads 
of the bolt than for those of the nut, and tapered 
threads, neither of which is very practicable. A 
better method is to make the nut of material with 
a lower modulus of elasticity, but this is subject to 
certain conditions. The theoretical forms of a turn- 
buckle joint and a “tension nut,” designed for 
uniform load distribution, are given in the paper. 
Dr. Heywood, in his paper, describes the measure- 
ment of tensile stresses in the fillets of loaded pro- 
jections of various shapes, generally like those of 
gear teeth, by means of the photo-elastie method, 
using a carefully-devised rig for applying loads up 
to 200 lb. on projections in plates of transparent 
material. After showing that the well-known Lewis 
formula for gear teeth, and the modified Lewis 
formula, break down in a limiting case, he gives a 
more widely-applicable empirical formula for fillet 
stress. This is applied to the shape of screw threads ; 
the Whitworth thread form is found to lie remark- 
ably close to the optimum series, but it is suggested 
that improvements in machining technique make it 
desirable to reduce the relative contact area between 
mating threads, so that a new thread form having 
greater strength can be employed. Such a sugges- 
tion, however, can be of little practical value, since 
it has taken more than 40 years to reach the agree- 
ment, particulars of which are given on page 65 
of this issue, between Great Britain, the United 
States and Canada, on the unification of screw-thread 
standards. 


INSTITUTION OF CrviL ENGINEERS. 


A general account of the design and construction 
of the Brabazon assembly hall at Filton, near 
Bristol, was given in a paper by Mr. Brian Colqu- 
houn, B.Se. (Eng.), M.I.C.E., at a meeting of the 
Institution of Civil Engineers on Tuesday, January 
18, with the President, Sir Jonathan Davidson, 
C.M.G., M.Sc., in the chair. The hall consists of 
three parallel bays, each with a clear width of 
331 ft. ; the centre bay is 400 ft. long, and the east 
and west bays are 250 ft. in length. Some general 
particulars were given in ENGINEERING, vol. 164, 
page 369 (1947), at the time the aircraft was named. 
A clear height of 65 ft., and 12-ton overhead cranes 
in each bay were required. After considering many 
alternative designs, it was decided to construct a 
structure carried on main frames of two pinned 
cambered portals with a tie at haunch level, the tie 
arrangement being adapted to allow for the over- 
head cranes. Owing to difficulties in the supply of 
certain materials at that time, such as cement and 
shuttering if reinforced concrete had been used, it 
was decided that the hall could be constructed most 
rapidly from structural steel. As a result, one com- 
plete bay of the hall was brought into use less than a 





year after the commencement of erection. Fourda- 
tion bases for the main arches were carried down to 
rock formation. The maximum permitted load— 
5 tons per square foot—-was, perhaps, low, but, 
among other factors, the size of a large number of 
corner and end bases was dictated by the weight 
required to withstand the uplift effect. The factor 
of safety against uplift was 2, on a design wind 
velocity of 75 m.p.h. In the case of a typical 
foundation base, the net uplift, without cranes and 
snow load, is 69 tons, but a wind velocity of 105 
m.p-h. would be required to lift the foundation out 
of the ground. The cambered portal frames are of 
box-section lattice girders resting upon hinged bases 
at foundation level. The floor space was utilised to 
the greatest extent by arranging for the upright 
sections of the girders between contiguous bays to be 
nested one into the other. Generally, where slender- 
ness was not a disadvantage, high-tensile steel was 
used instead of mild steel. The hall is clad with 
corrugated asbestos sheets, inside which is an insula- 
tion of fibre board with an air gap of 7in. The north 
gable elevation is almost entirely glazed with 
}-in. glass set in aluminium bars. The roof is of 
pressed steel decking covered by insulation board 
and roofing felt. There are six travelling doors 
covering an opening 65 ft. 9 in. high and 1,045 ft. 
long. Mr. Brian Colquhoun intimated his inten- 
tion to give more detailed particulars of the struc- 
ture at a later date. 


Gas TURBINES FOR ROAD TRANSPORT. 


In his lecture on “‘The Gas Turbine for Road 
Transport,” which was delivered to the Engineering 
Association of the Ministry of Supply, in London, on 
Thursday, January 13, Mr. James Hodge, M.A., 
A.M.I.Mech.E., A.F.R.Ae.S., of Messrs. Power Jets 
(Research and Development), Limited, outlined 
some of the inherent advantages of the gas turbine, 
and discussed some of the problems to be solved 
before it can be adapted as an economical power 
unit, of some 50 to 200 brake horse-power, for 
ordinary road vehicles. Various thermodynamic 
cycles applicable to such low power units were 
described and possible developments indicated. It 
was pointed out that in the gas turbine, the thermo- 
dynamic processes of compression, heating, and 
expansion were mechanically independent of one 
another. This enabled a wider range of duties to 
be performed and allowed a greater scope in the 
selection of desirable features. The size and weight 
of the unit developed for road transport would 
probably be small, since the output from a turbine 
engine was proportional to the flow areas for similar 
thermodynamic and component efficiencies ; if, for 
example, the Armstrong Siddeley Mamba tur- 
bine engine were scaled down to produce a 100 
brake horse-power, instead of its 1,000 brake horse- 
power and 300 lb. exhaust thrust, then theoretically 
its overall diameter could be reduced from about 
30 in. to 9} in. Hence, even allowing for lower 
efficiencies, there was unlikely to be any serious 
difficulty in designing turbine engines which would 
be small enough to install in road vehicles, though 
there might be some trouble and loss of efficiency in 
connection with the smaller components and 
in allowing for the necessary mechanical clear- 
ances. The specific weight of a suitable unit was 
estimated as approximately 2 lb. per brake horse 
power without a heat exchanger, and 3 Ib. per brake 
horse-power with an exchanger; no gear-changing 
equipment would be needed, since the output could 
be controlled by varying the fuel supply. Other 
advantages included the absence of vibration, due 
to the lack of reciprocating components, the low 
oil consumption due to the absence of rubbing sur- 
faces, and, as had been found with units designed 
for aircraft, low maintenance. Starting could be 
effected either by electrical means or by compressed 
air which could also be used for auxiliary services. 
The use of high rotational speeds was not expected 
to produce great difficulties, since speeds of 20 
to 30 thousand r.p.m. were already employed in 
aero-engine superchargers and turbo-superchargers. 
The problem of transmitting the power to the 
road wheels, however, had yet to be solved, and 
although this might be effected by electrical methods, 
as was suggested during the discussion, Mr. Hodge 
thought that a mechanical drive incorporating the 





réquired gear reduction would offer the best solution. 
Fuel consumption would be higher than in the com- 
parable Diesel engine, at least in the early stages of 
development, though only practical experience 
would show whether this drawback was outweighed 
by the inherent advantages of the turbine; no 
accurate estimate of the initial cost on a production 
basis could be made at present. During the dis- 
cussion, reference was also made to the possible 
use of the gas turbine in fighting vehicles, which 
normally needed more power than the ordinary 
types of road vehicles. 


Tue InstrrutTion or ExvecrricaL ENGINEERS. 


It is announced that the Council of the Institution 
of Electrical Engineers have awarded the Faraday 
Medal for 1949 to Mr. C. S. Franklin “ for his dis- 
tinguished work in radio engineering, and in par- 
ticular his original studies of short-wave wireless 
transmitting and receiving circuits, and his inven- 
tion of the beam aerial through which the practical 
use of short-wave transmission paths for communica- 
tion purposes was established.” If this recognition 
of a great pioneer is somewhat belated it will be 
none the less welcome to those who appreciate the 
significance of the recipient’s work and have kept 
in touch with the many developments which have 
sprung therefrom. Like so many others of those 
who have gained distinction in the electrical field, 
Mr. Franklin received his training under Silvanus 
Thompson and joined what is now Marconi’s Wire- 
less Telegraph Company in 1899. From then 
onward until his retirement in 1935 he was con- 
tinuously associated with research in radio engineer- 
ing. Among the outstanding developments for 
which he was responsible mention may be made of 
directional receiving systems for long-wave com- 
munication circuits, rotating beam aerials, short- 
wave wireless transmitting and receiving circuits 
and, in particular, the aerial array associated with 
his name, which was the fundamental invention 
comprised in the beam system of wireless tele- 
graphy. He also developed the concentric cable 
system which enables high-frequency currents to 
be transmitted with minimum loss. It is further 
announced that Captain J. M. Donaldson, M.C., 
has been elected an honorary member of the 
Institution “‘ for his distinguished contributions to 
electrical power engineering particularly in the 
fields of generation, transmission and distribution ; 
and for his services to the Institution.” Captain 
Donaldson also received his technical education 
under Silvanus Thompson and at the Central 
Technical College, London. He joined the staff of 
the British Thomson-Houston Company, Limited in 
1897, and after holding appointments in the United 
States and Canada became general assistant en- 
gineer to the North Metropolitan Electric Power 
Supply Company in 1906. Fourteen years later 
he was promoted to chief engineer and was appointed 
general manager in 1936, holding this position until 
1943 when he became a director. Under his guid- 
ance the Northmet system expanded into one of the 
largest in the country and, in particular, he was 
responsible for introducing 33-kV generation and 
for the installation of plant working at very high 
steam ures and temperatures. He served as 
president of the Institution in 1931. 


RE-DEVELOPMENT OF THE SouTH BANK OF 
THE THAMES. 


Work on the construction of the new wall, which 
is to form part of the re-development of the south 
bank of the Thames between Westminster and 
Waterloo Bridges, was formally inaugurated on 
Monday, January 17, by the Lord President of the 
Council (the Rt. Hon. Herbert Morrison, M.P.), 
who started a hammer to drive the first steel sheet 
pile into No. 1 cofferdam. Some particulars of this 
wall were given on page 399 of our issue of Octo- 
ber 22, 1948, but it may be recalled that its object is 
to reclaim about 44 acres from the river, which will 
ultimately be laid out as public gardens. It will be 
1,700 ft. lon and its construction has been rendered 
possible by the Government’s decision to use the 
south bank site for the Festival of Britain in 1951. 
Mr. J. Rawlinson, the Council’s chief engineer, has 
designed the wall and will be responsible for its 
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erection, while Mr. R. H. Matthews, the Council’s 
architect, has advised on the architectural treat- 
ment. It is hoped that the work will be completed 
by December 31, 1950. An exhibition of old prints 
and photographs of the site, plans and models of 
the new wall, some of the granite which will be used, 
samples of the river strata and a large model of the 
whole south-bank area was also opened in the County 
Hall on the same day. The maps show that the line 
of the river bank on the south side has not altered 
much since Tudor days. In the Seventeenth Century 
there was a fringe of wharves and sheds along the 
riverside of Narrow Wall (now Belvedere-road), the 
site of an early medisval earth wall embankment, 
but no permanent buildings were erected until the 
Surrey and Kent Commissioners of Sewers obtained 
powers to drain the district in 1809. Even then, 
the many creeks and inlets made it too wet for much 
construction. The earliest building of note was 
Coade’s artificial stone factory, which was erected 
just north of College-street in 1769, while in 1775 
the Lambeth Waterworks were erected to the 
north. After 1820, a number of domestic and com- 
mercial buildings were constructed in Belvedere- 
road and along the river, while the India Store, now 
demolished, was built for the Government in 1862. 
The south side of the river was selected as a site for 
the County Hall in 1910 to encourage the general 
development of the area, but, as this did not take 
place, the Council, in 1935, obtained powers to 
acquire all the freehold interest in property between 
the County Hall and Waterloo Bridge west of 
York-road, while three years later they were also 
authorised to construct certain works in the area, 
including a new embankment. It is under these 
powers that the new river wall is being constructed. 


THE WORLD’s SHIPBUILDING. 


The statistics issued by Lloyd’s Register of Ship- 
ping regarding the steamers and motorships under 
construction in the shipyards of Great Britain and 
Northern Ireland on December 31, 1948, show that 
there was a decline of 94,269 tons in the total work 
in hand, as compared with the figure for Septem- 
ber 30, 1948. Although the total for December 31, 
namely, 2,114,730 gross tons, was 48,252 tons less 
than the tonnage being built on December 31, 1947, 
and 128,973 tons less than the total for June 30, 
1948, it is still a high figure, representing 51-1 per 
cent. of the total recorded tonnage under construc- 
tionin the world. Itis of interest to note, moreover, 
that 747,999 tons, or 35-4 per cent. of the shipping 
now under construction in this country, is intended 
for registration abroad. There has been a progres- 
sive increase in this figure since March 31, 1946, 
when it stood at about 100,000 tons. The total 
for December is made up of 185 steamers aggregating 
879,428 tons, and 237 motorships comprising 
1,235,302 tons, and, during the last quarter of 
1948, 353,317 tons of merchant shipping were 
commenced, 417,084 tons were launched, and 
433,115 tons were completed; on December 31, 
the tonnage on which work had been suspended 
amounted to only 1,180. The total steam and motor- 
ship merchant tonnage under construction abroad on 
December 31, 1948, was 2,026,086 (771,336 tons 
of steamers and 1,254,750 tons of motorships), 
which total is 31,212 tons greater than that recorded 
on September 30. As was then the case, no figures 
are included for Germany, Japan and Russia. The 
leading shipbuilding countries overseas and their 
tonnage figures for December 31 last, are: France 
with 414,289, the United States with 406,848, 
Sweden with 245,415, Holland with 228,519, Italy 
with 165,901, and Denmark with 114,294. In 
overseas yards, 428,181 tons of merchant shipping 
were commenced, 326,040 tons were launched, and 
400,168 tons were completed during the three months 
ended December 31, 1948. Steam and motor oil 
tankers of 1,000 tons gross and upward, now being 
built in the world, comprise 129 vessels (33 steamers 
and 96 motorships), making together, 1,387,654 
tons, representing an increase of 152,815 tons 
since September 30, 1948, mainly in the United 
States and in Great Britain. Of thes@ oil tankers, 
67 aggregating 660,728 tons, are being built in this 
country, 22 totalling 368,190 tons in the United 
States, 13 making together 123,000 tons in Sweden, 
and 7 adding up to 85,830 tons in France. 





LETTERS TO THE EDITOR. 


HARMONIC ANALYSIS. 
To THE Eprror oF ENGINEERING. 


Sm,—For the solution of many electrical engi- 
neering problems (such as, the “‘ stepped” diagram 
for the magneto-motive force distribution), it is 
necessary to obtain the fundamental sine wave of 
a rectangular pulse-type cyclic graph. Formule 
for the complete harmonic analysis of such waves 
are, of course, well known, but the mathematical 
processes by which these formule are derived are 
not always easily understood by students and 
others. In what follows, a simple method is given 
for deriving the peak value of the fundamental 
sine wave in terms of the height and proportions of 
the rectangular pulse. Two cases will be considered 
separately. 

If an armature winding is concentrated in one 
slot per pole, the resultant wave of m.m.f. will be 
of rectangular form, as shown in Fig. 1, and the 
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height H will be proportional to the current in the 
coil. Suppose now that the ordinates of such a 
rectangular wave are multiplied by the corre- 
sponding ordinates of a sine wave of any given 
peak value K, as shown in Fig. 1. The result will 
then be a sine wave of peak value K H, and the 
area enclosed by this sine wave will be 


2 
—KHz. ° . * @) 
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Now suppose that the peak value of the (as yet 
unknown) fundamental sine wave component of 
the rectangular graph of Fig. 1 has a peak value X. 
Then, when the rectangular graph of Fig. 1 is 
multiplied by the sine wave of peak value K, the 
value of the area so obtained cannot be affected by 
any of the higher harmonic components, since the 
net value of the positive and negative areas due 
to any higher harmonic will be zero and conse- 
quently the area will be given by the expression 


4KXar . ° - (2) 
Hence, equating the expressions (1) and (2), the 
well-known result is obtained, 


x -‘n. ° ° - (3) 
Tv 


and this is the peak value of the fundamental sine- 
wave component of the rectangular graph of Fig. 1. 

Next, suppose that the rectangular graph is as 
shown in Fig. 2 (a). It will easily be seen that this 
wave is obtained if the two identically similar waves 
of Figs. 2(b) and 2(c) are displaced relatively to 
one another by the angle « and then superposed ; 











but each of these two graphs of height + comprises 


a fundamental wave of peak value “ > and the 


resultant fundamental sine wave obtained by 
superposing these two, when displaced relatively to 
one another by the angle «, is 


4H 4H a 4 a 
-— = -— —- = — —, . (4 
2 (£5) te 2 (= F)oos $ ~ Hoos, (4) 


where cos > is the “ winding factor” f,. Hence, 


for any given rectangular wave form as shown in 
Fig. 2 (a) the peak value of the fundamental sine 
wave component is 


‘ H cos = . . ° . & 
7 2 
Yours faithfully, 
T. F. WALL. 
Le Hocq Hotel, 
St. Clement’s Bay, 
Jersey, C.I. 


January 7, 1949. 





THE COOLING OF CIRCULATING 
WATER. 


To THE Eprror oF ENGINEERING. 


Sm,—The paper by Mr. J. Leyland, reprinted 
on page 21 of your issue of January 7, contains 
information on the cooling capacity of ponds and 
towers which is difficult to reconcile either with 
theory, or with common observation. For instance, 
in Fig. 1, the curves relating cooling duty in 
B.Th.U. per square foot per hour with size, all 
pass through the origin which implies 'no cooling 
capacity per square foot per hour on a pond of zero 
size. I submit that the value at this point is of the 


form > which is not equal to 0 but is indefinite. 


Common observation confirms that even the smallest 
puddle evaporates ; in fact the smaller the quicker. 
Laboratory measurement gives the loss of heat 
from an evaporative surface as proportional to 
LD®°-*5, where L is the length perpendicular to the 
wind direction and D the dimension parallel to it. 
For similar shapes the specific cooling capacity is 
1 
pew’ (area)™138" 
Accordingly, it appears that all the curves in Fig. 1 
should start from intercepts on the vertical axis and 
fall with increase of size. 

The practical bearing of this is that whereas a 
small cooling pond may be a success, a large one 
designed on a pro rata basis may be a failure. If 
designed on the author’s basis it is likely to be worse 
still. Design data of this sort may explain why 
in the past so many cooling ponds have failed to 
attain the stated performance. I have seen no 
evidence in any cooling equipment to indicate that 
the heat transfer per unit area increases with size 
under similar circumstances, as the paper indicates 
in several cases. In cooling towers, as in ponds, 
there is, in my experience, a tendency, ceteris paribus, 
for larger areas to be progressively less effective, 
and this is related to the inherent dimensional limita- 
tion characterised by the difficulty of getting the 
air in. In the pond, the area increases as the 
square of the linear scale while the periphery only 
increases directly. Similarly, in towers of similar 
shape, the air entry area increases as the square, 
while the volume increases as the cube of the scale. 

Yours faithfully, 
B. Woop. 


therefore proportional to or to 


16, Park House-gardens, 
East Twickenham, 
Middlesex. 
January 18, 1949. 





THe LATE Mr. A. E. DoveR.—We regret to record 
the death of Mr. Albert Edward Dover, which occurred 
suddenly at his home in Coventry on January 1. Mr. 
Dover, who was 85, was chairman of the Spiral Tube and 
Components Company, Limited, engine-radiator and 
air-heater and cooler manufacturers, Honeypot-lane, 
Stanmore, Middlesex, and Osmaston Park-road, Derby. 
Mr. Dover was one of the original directors of the com- 
pany when it was registered in 1934. 
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THE UNIFIED SCREW- 


THREAD STANDARDS. 


In our issue of November 26, 1948 (on page 523 
of our 166th volume) we reported the signing of an 
agreement in Washington, on November 18, by 
representatives of Great Britain, the United States 
and Canada, for the unification of the screw thread 
standards used in the three countries ; and on page 
517 of the same issue we commented editorially on 
this culmination of more than 40 years of negotiation 
and traced the course of the numerous discussions 
that had taken place. We have now received from 
the National Bureau of Standards in Washington a 
copy of their Technical Report No. 1315, describing 
the course of the concluding events and giving four 
tables covering, respectively, the Unified coarse- 
thread and fine-thread series. These tables are 
printed on page 66, and on this page are repro- 
duced, in Figs. 1 to 5, the illustrative diagrams 
showing the forms of the threads, the limiting 
dimensions, and the tolerances for each class of fit. 
The notes which follow summarise the text of the 
report relating to the technical aspects of the 
unification, the effect. of which should be to facilitate 
greatly the interchange of engineering products 
between the countries concerned, and to minimise 
the problems of subsequent maintenance. 

The three principal characteristics of screw 
threads are angle and form of thread, pitch (the 
combinations of diameter and number of threads 
per inch for the various thread series), and limiting 
dimensions (the manufacturing tolerances and 
allowances) for each grade of thread fit. The 
British system, originated by Whitworth in 1845, 
is based on a thread angle of 55 deg. with a thread 
form having rounded crests and roots. The American 
system, developed by Sellers in 1864, has a thread 
angle of 60 deg. with a thread form having flat 
crests and roots. The number of threads per inch 
for the various series of thread diameters was the 
same in both systems, with the exception of the 
}-in. coarse thread; but the tolerances varied 
between the two systems, and this factor, together 
with the difference in thread angle, made accurate 
fits impossible. 

The present unification agreement, the text of 
which was reproduced on page 523 of our previous 


These and other Tables, together with the agree- 
ments that the minimum internal thread shall be 
basic and the allowances (or minimum clearances 
on the flanks of the threads) shall be applied to the 
external threads, and that the tolerances shall be 
in the minus direction on the external thread and 
the plus direction on the internal thread, assure 
interchangeability of threaded products. 
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Tables III and IV, on page 66, are examples of 
such standardised limits of size; they show the 
Class 2A limits for external threads and Class 2B 
for internal threads, which constitute the second 
or medium grade of the three standard grades of 
fit. The additional classes are designated 1A and 
1B, and 3A and 3B. Classes 2A and 2B are those 
which, in the course of their development by industry 
during the past few years, became rather widely 
known by the class designations A and B. Class 2A 
is the recognised standard in the United States for 
bolts, and screws, while class 2B is for nuts. 

The basic formula, from which allowances on all 
diameters and tolerances on pitch diameter are 
derived, is : 


Tolerance (or allowance) = 


C 0-0015 4/D + 0-0015 +L, + 0-015 4/7). 
In this formula, C is a factor which differs for each 
allowance or tolerance for each class, D is the basic 
major diameter, L, is the length of engagement, and 
pis the pitch. The formula is based on the accuracy 
of present-day threading practice, and is applicable 
to all reasonable combinations of diameter, pitch, 
and length of engagement. 

The values of the factor C for allowances are : 


Class. Factor C. 
1A 0-450 or 0-300 
2A 0-300 
3A 0-000 


The values of the factor C for pitch diameter 
tolerances are : 


Class. Factor C. 
1A 1-500 
1B 1-950 
2A 1-000 
2B 1-300 
3A 0-750 
3B 0-975 


The relative difficulties of manufacture were 
provided for by making the value of the factor C 
30 per cent. greater for internal than for external 
threads of a given grade of fit. A few details 
remain to be agreed upon, but an Editing Sub- 
committee, consisting of representatives of the three 
nations, was appointed on November 18, 1948, with 
authority to resolve, within specified limitations, the 
differences which remain. 

Technical Report No. 1315, having thus outlined 
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thread may be flat, as preferred in American prac- 
tice, or rounded, as in British practice hitherto. 
The number of threads per inch for the various 
series of thread diameters has been unified, and the 
limiting dimensions for three grades of fit have been 
agreed upon; thus interchangeability of screw 
thread parts now becomes feasible. The sizes 
agreed upon, the threads per inch, and the basic 
dimensions of the unificd coarse and fine thread 
series are presented in Table I and II, page 66. 


There is, however, a further degree of inter- 
changeability attained by agreements on the 
numerical values for allowances and tolerances, 
thereby setting limits to the least and greatest 
amounts of looseness between mating parts. Such 
agreement provides for identity of sizes (or inter- 
changeability of use) of screw-thread gauges used 
in the different countries for controlling the limits 
of size of the threads, and it also standardises the 
grade or grades of fits between mating parts. 





in our article) the previous discussions and then 
points out some of the developments to be looked 
for in the future. The report states that purchases 
by the three Governments will be based on the new 
standards, but points out, rather unnecessarily, 
that the complete transition in industrial usage will 
take some time to accomplish, since it involves 
widespresd considerations of design, tooling and 
production. No closer estimate is off red of the 
time required than “the next few years.” Mean- 
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UNIFIED SCREW-THREAD 


TABLE I.—Basic DIMENSIONS OF UNIFIED COARSE-THREAD 


STANDARDS. 


TABLE III.—Limits or S!ZE, UNIFIED COARSE-THREAD SERIES ; CLass 2A EXTERNAL 









































SERIEs. THREADS, CLass 2B INTERNAL THREADS.* 
| | Class 2A Sizes, Class 2B Sizes, 
Minor | Minor | Lead | Section vis ae. Ee ed oes past 
Basic | Basic  “Dia- | Dia- | Angle | at | 
Major Major | meter | meter | at Basic | Mini- | stress Major Pitch Minor | Minor Pitch | Major 
Sizes mete Threads on | External Internal| Pitch Mit ~a Area.* |Threads e Diameter. | ‘pja- | i Diameter. | pja- 
. roe) >| am, per. a Dia- | Siz | per ___| meter ft | meter 
In. | Ss. n. meter, | meter. _— 7 Maxi- | Mini- 
| [aa | Max Min. | Max. | Min. | mum.f| Min Max. | Min. | Max. | mum.t 
pe Sie <= eet eee 
| In. | In. In. In. | Deg.Min. | Sq. In.| Sq. In. } In. | In. In. | In. In, | In. | In. In | 1, 
} } | hal | | | 
1(0-073) | 0:0730, 64 0-0629| 0-0538 0:0561 | 4 31 0-0022, 0-0026 1 (0-073) 64 0-0724 0-0686 0-0623| 0-0603 0-0532) 0-0561 0-0623| 0-0629| 0-0655| 0-0730 
| 
2 (0-086) 0-0860 56 0-0744) 0-0641 | 0-0667 | 4 22 | o-cene 0-0036 2 (0-086) 56 | 0-0854) 0-0813| 0-0738| 0-0717| 0-0635| 0-0667, @-0787) 0-0744, 0-0772| 0-0860 
3 (0-099) | 0-0990, 48 | 0-0355, 0-0734 | 0-0764 4 26 0-0041) 0-0048 3 (0-099) 48 =| 0-0983) 0-0938| 0-0848) 0-0825 0-0727| 0-0764 0-0841 0-0855| 0-0885| 0-0990 
4(0-112) | 0-1120, 40 0-0958) 0-0813 | 0-0849 | 4 45 | 0-0050 0-0060 4 (0-112) 40 =| 0-1112) 0-1061)| 0-0950| 0-0925 0-0805) 0-0849| 0-0938| 0-0958) 0-0991| 0-1120 
| use @ | oti ioa | } 5 (0-125) | 40 0°1242| 0-1191) 0-1080| 0-1054| 0-0935, 0-0979, 0-1062| 0-1088 0-1121| 0+ 1250 
§ (0-125) | 0- | | O- -0943 00-0979 | 4 11 | 0-0067| 0-0079 | | | | 
6 (0-138) | 0-1380 32 | 0-1177, 0-0997 0- 1042 | 4 50 | O- 0075, 0-0090 6 (0-138) | 32 | 0-1372| 0- 1312} 0-1169| 0-1141| 0-0989| 0-1042| 0-1145\ 0- 1177) 0-1214, 06-1380 
8 (0-164) | 0-1640, 32 | 0-1437) 0-1257 | 0-1302 | 3 58 0-0120 0-0139 8 (0-164) 32 | 0-1631) 0-1571| 0-1428| 0-1399, 0-1248, 0-1302| 0-1384| 0-1437 0-1475| 0-1640 
10 (0-190) 0-1900, 24 | 0-1629) 0-1389 0-1449 4 39 | 0-0145) 0-0174 10 (0-190) | 24 | 0-1890| 0-1818| 0-1619 0-1586) 0-1379, 0-1449| 0-1559\ 0-1629 0-1672| 0-1900 
12 (0-216) | 0-2160 24 | 0-1889, 0-1649 | 0-1709 ek 0-0206) 0-0240 12 (0-216) 24 0-3160) 0-2078| 0-1879| 0-1845| 0-1639| 0-1709| 0-1801) 0-1889| 0-1933| 0-2160 
1/4 | 0-2500' 20 0-2175| 0-1887 | 0-1959 | 4 11 | 0-0269) 0-0317 14 | 20 | 0-2489| 0-2408| 0-2164! 0-2127, 0-1876| 0-1959! 0-2060 0-2175| 0-2223! 0- 
5/16 0-3125, 18 | 0-2764 0-2443 | 0-2524 3 40 | 0-0454 0-0522 5/16 | 18 | 0-3113) 0-3026) 0-2752) 0-2712) 0-2431) 0-2524) 0-2630 0-2764| 0-2817| 0-3125 
3/8 | 0-3750, 16 | 0-3344 0-2983 | 0-3073 | 3 24 | 0-0678, 0-0773 3/8 | 16 |: 0-3737) 0-3643) 0-3331| 0-3287, 0-2970, 0-3073, 0-3184 0-3344) 0-3401 0-3750 
7/16 | 0-4375| 14 | 0-3011 0-3492 0-3602 | 3 20 | 0-0933| 0-1060 7/16 | 14 | 0-4361) 0-4258) 0-3807, 0-3850) 0-3485) 0-3602, 0-3721 0-391) 0-3972/ 0.4375 
| | | | | “ | | | | } | | | 
1/2 | @-5000| 13 0-4500, 0-4056 | 0-4167 3 7 | 0-1257| 0-1416 1/2 | 13 | 0-4985| 0-4876) 0-4485| 0-4435, 0-4041, 0-4167, 0-4290| 0-4500| 0-4565| 0-5000 
1/2 | O- |} 12 0-4459) 0-3978 | 0-4098 3 24 0-1205 0-1374 1/2 12 0-4985 0-4871) 0-4444 0-4393) 0-3963) 0-4098 0-4225, 0-4459, 0-4525 0- 
9/16 0-5625, 12 | 0-5084 0-4603 | 0-4723 2 59 0-1620 0-1816 9/16 | 12 | 0-5609, 0-5495) 0-5068, 0-5016 0-4587) 0-4723) 0-4850 0-5084) 0-5152 0-5625 
5/8 | 0-6250, 11 | 0-5660 0-5135 | 0-5266 | 2 56 | 0-2018 0-2256 5/8 11 | 0-6234 0-6113) 0-5644) 0-5589) 0-5119 0-5266) 0-5397| 0-5660) 0-5732| 0-6250 
3/4 0-7500, 10 | 0-6850 0-6273 | 0-6417 2 40 | 0-3020, 0-3340 3/4 10 | 0- mers 0-7353, 0-6832) 0-6773) 0-6255 0-6417 0-6553 0-6850, 0-6927| 0-7500 
7/8 | 0-8750 9 | 0-8028) 0-7387 | 0-7547 2 31 0-4193) 0-4612 | | | | | 
| | | | | 7/8 > i 0-8781) 0-8592 0-8009) 0-7946) 0-7368) 0-7547, 0-7689, 0-8028) 0-8110, 0-8750 
1 1-0000 8 0-9188 0-8466 | 0-8647 2 29 | 0-5510 0-6051 1 8 0-9980, 0-9830 0-9168 0-9100, 0-8446) 0-8647) 0-8795 0-9188 0-9276, 1-0000 
11/8 1-1250 7 | 1-0322 0-9497 | 0-9704 2 31 | 0-6931 0-7627 11/8 7 | 1-1228) 1-1064 1-0300, 1-0228) 0-9475, 0-9704) 0-9858, 1-0322 1-0416) 1-1250 
11/4 + aa Z : pont iene | - > Py eo 11/4 7 | 1-2478) 1-2314 1-1550) 1-1476) 1-0725| 1-0954 1-1108 1-1572 1-1668, 1-2500 
13/8 | 1-37 ° . | 1- 153 | | } 
11/2 1-5000 6 1-3917| 1-2955 | 1-8196 | 2 11 | 1-2988) 1-4041 13/8 6 | 1-3726 1-3544, 1-2643 1-2563! 1-1681/ 1-1946 1-2126| 1-2667| 1-2771| 1-3750 
13/4 1-7500, 5 1-6201) 1-5046 | 1-5335 | 2 15 | 1-7441) 1-8983 11/2 6 | 1-4976 1-4794, 1-3893) 1-3812) 1-2931/ 1-3196) 21-3376) 1-3917 1-4022, 1-5000 
| | | | 13/4 } 5 | 1-7473 1-7268) 1-6174/ 1-6085, 1-5019) 1-5335) 1-5551 1-6201 1-6617) 1-7500 
2 | oa ry He em ie . = _—_ — 2 |} 41/2) 1 sate 1-9751) 1- 1-8433/ 1-7245| 1-7594) 17-7835) 1-8557| 1-8681) 2-0000 
21/4 | 2- 2. }1- ° ° 3: 4 | | | | 
21/2 | 2-5000 4 | 2-3376, 2-1933 | 2-2204, 1 57 3-7161| 3-9976 21/4 | 41/2) 2-2471) 2-2251) 2-1028) 2- 0931 1-9745, 2-0094,f2-0335 2-1057, 2-1183 2-2500 
23/4 | 2-7500 + 2-5876 2-4433 | 2-4794 | 1 46 | 4-6194) 4-9326 21/2 | 4 | 2-4969) 2-4731) 2-3345| 2-3241! 2-1902) 2-2294) 2-2564, 2-3876 2-3511 2-5000 
| ' | | | | 23/4 + | 2-7468) 2-7230) 2-5844) 2-5739 2-4401| 2-4794| 2.5064, 2-5876| 2-6013| 2-7500 
31/4 | HB oes f | — -— oe } : = ee ad 3 : 2 2-9968) 2-97380) 2-6366) 2-8237| 2-6901) 2-7204\[2-7564, 2-8376 2-8515) 3-0000 
3 | . . . . | . . 2 | | 
31/2 3-5000, 4 3-3376| 38-1933 | 3-2294 | 1 22 7-9183| 8-3268 31/4 4 3-2467/ 3-2229) 38-0843) 3-0784| 2-9400| 2-9794) 3-0064) 3-0876 3-1017) 3-2500 
33/4 | 83-7500 4 | 3-5876) 3-4433 | 3-4794 1 16 | 9-2143) 9-6546 31/2 4 3-4967, 3-4729| 3-3343| 3-3233) 3-1900| 3-2294| 3-2564, 3-3376, 3-3519, 3-5000 
4 | 4-0000 4 | 3-8876! 3-6983 | 3-7294| 1 11 /|10-6084/11-0805 33/4 4 3-7466) 38-7228) 3-5842) 3-5730| 3-4399) 3-4794 3-5064 3-5876, 3-6021 3-7500 
| | | | 4 4 3- 0066) 83-9728) 3- 8342) $-8229) 3- 3-7294 3-7564 3-8376' 3-8523 4-0000 


3 





TABLE II.—Basic DIMENSIONS OF 


UNIFIED FINE-THREAD 


TABLE IV.—Limors or SIZE, UNIFIED FINE-THREAD SERIES; CLASS 2A EXTERNAL 






















































































SERIES. THREADS, CLass 2B INTERNAL THREADS.* 
| <M Class 2A Sizes. Class 2B Sizes. 
Minor | Minor | Lead at — nae DES ee een 
Basic Basic | Dia- | Dia- Angle | ini- | 
| Major | Pitch | meter | meter | at Basic) mum Major Pitch Minor | Minor Pitch Major 
Dia- |Threads Dia- | External Internal) Pitch | Minor| S*Tess Threads Diamet iamet | “pia. | Diameter. | Diameter. Dia- 
Sizes. | Meler,| per | meter, | Threads, Threads,| Dia- | Dia. | AT. Sizes. |" per |__  aeaer | a 
. "i Ks. | K,. | meter. | meter. | In. | | | Maxi- | Mini- 
| : | | Max Min, | Max. | Min. |mum.t; Min. | Max. | Min. | Max. | mum.t 
‘el ten : wis % ie ia | 
| | | | | } 
| In. | In. In. In. | Deg.Min. | Sq. In. | Sq. In. In. In. | In. In. | In. | In. In. | In | In, | In 
| | | | | 
ee | | | | | | | 
0 (0-060) | 0-0600 80 0-0519| 0-0447 | 0-0465| 4 23 | 0-0015 0-0018 0K0-060) | 80 0-0595) 0- 0563) 0-0514| 0-0496| 0-0442| 0-0465) 0-0514| 0-0519| 0-0542) 0-0600 
1(0-073) | 0-0730| 72 0-0640 0-0560 | 0-0580 | 3 57 | 0-0024 0-0027 Pl (0-073) | 72 0-0724 0-0689| 0-0634| 0-0615| 0-0554| 0-0580| 0-0634| 0-0640| 0-0665| 0-0730 
2 (0-086) | 0-0860| 64 0-0759, 0-0668 | 0-0691 | 3 45 | 0-0034 0-0039 2 (0-086) | 64 | 0-0854) 0-0816) 0-0753| 0-0733, 0-0662| 0-0691) 0-0746) 0-0859 0-0786) 0-0860 
3 (0-099) | 0-0990' 56 | 0-0874 0-0771 | 0-0797 | 3 43 | 0-0045 0-0052 3 (0-099) 56 | 00-0983 0-0942| 0-0867| 0-0845| 0-0746| 0-0797| 0-0856| 0-0874| 0-0902 0-0990 
4 (0-112) | 0-1120, 48 | 0-0985 0-0864 | 0-0894 | 3 51 | 0-0057, 0-0065 4 (0-112) 48 | 0-1113| 0-1068 sit 0-0954| 0-0857) 0-0894) 0-0960' 0-0985| 0-1016| 0-1120 
| | 
5 (0-125) | 0-1250| 44 | 0-1102) 0-0971 | 0-1004 | 3 45 | 0-0072| 0-0082 5 (0-125) | 44 0-1243| 0-1195| 0-1095| 0-1070| 0-0964| 0-1004| 0-1068 0- 1102 0-1134| 0-1250 
6 (0-138) | 0-1380| 40 | 0-1218| 0-1073 | 0-1109 | 3 44 | 0-0087| 0-0101 6 (0-138) | 40 | 0-1372| 0-1321| 0-1210| 0-1184| 0-1065| 0-1109| 0-1179| 0-1218) 0-1252| 0-1380 
8 (0-164) | 0-1640) 36 0-1460| 0-1299 | 91-1339 | 3 28 | 0-0128) 0-0146 8 (0-164) | 36 | 0-1632| 0-1577| 0-1452| 0-1424) 0-1291| 0-1339| 0-1402| 0- 1460) 0-1496| 0-1640 
10 (0-190) | 0-1900) 32 0-1697| 0-1517 | 0-1562 | 3 21 | 0-0175| 0-0199 10 (0-190) | 32 | 0-1891| 0-1831| 0-1688| 0- 1658) 0-1508) 0-1562| 0-1624) 0-1697| 0-1736) 0- 1900 
12 (0-216) | 0-2160; 28 | 0-1928) 0-1722 | 0-1773 3 22 0-0226) 0-0257 12 (0-216) 28 0-2150| 0-2085| 0-1918| 0- 1886) 0-1712| 0-1773| 0-1835| 0-1928| 0 080 0-2160 
1/4 0-250 23 | 0-2268| 0-2062 | 0-2113 | 2 52 | 0-0326) 0-0362 1/4 28 oneal 0-2425) 0-2258) 0-2225| 0-2052| 0-2113) 0-2173) 0-2268| 0-2311) 0-2500 
5/16 | 0-3125| 24 0-2854| 0-2614 | 0-2674 | 2 40 | 0-0524) 0-0579 5/16 24 | 0-3114| 0-3042] 0-2843| 0- 2806] 0- 2603) 0-2674| 0-2739| 0-2854| 0-2902) 0-3125 
3/8 0-3750| 24 0-3479) 0-3239 | 0-3299 | 2 11 | 0-0309| 0-0876 3/8 24 0-3739) 0-3667| 0-3468| 0-3430| 0-3228| 0-3299| 0-3364| 0-3479| 0-3528| 0-3750 
7/16 0-4375| 20 0-4050! 09-3762 | 0-3834 2 15 0-1090) 0-1185 7/16 | 20 | 0-4362) 0-4281 0-4037| 0-3995) 0-3749) 0-3834) 0-3906) 0-4050) 0-4104) 0-4375 
1/2 0- 20 0-4675| 0-4387 | 0-4459 | 1 57 | 0-1486] 0-1597 1/2 | 20 | 0-4987| 0-4 04662! 0-4619| 0-4374| 0-4459| 0-4531| 0-4675| 0-4731) 0- 
9/16 | 0-5625| 18 0-5264| 0-4943 | 0-5024 | 1 55 | 0-1888/ 0-2026 9/16 18 | 0-5611| 0-5524| 0-5250| 0-5205| 0-4929| 0-5024) 0-5100| 0-5264) 0-5323) 0-5625 
5/8 0-6250| 18 0-5839/ 0-5568 | 0-5649 | 1 43 | 0-2400) 0-2555 5/8 18 | 0-6236| 0-6149| 0-5875) 0-5828| 0-5554) 0-5649/ 0-5725| 0-5889) 0-5949| 0-6250 
3/4 0-7500| 16 0-7094| 0-6733 | 0-6823 | 1 36 | 0-3513| 0-3724 3/4 16 | 0-7485| 0-7391| 0-7079| 0-7029| 0-6718} 0-6823| 0-6903| 0-7094| 0-7159| 0-7500 
7/8 0-8750| 14 0-8286| 0-7874 | 0-7977 1 34 0-4805| 0-5088 
7/8 14 | 0-8734) 0-8631| 0-8270) 0-8216| 0-7858| 0-7977 0-8062| 0-8286| 0-8356| 0-8750 
1 1- 12 0-9459| 0-8978 | 0-9098 | 1 36 | 0-6245] 0-6624 1 12 | 0-9982| 0-9868/ 0-9441) 0-9382| 0-8960| 0-9098) 0-9188| 0-9459| 0-9535) 1- 
11/8 1-1250) 12 1-0709| 1-0228 | 1-0348 | 1 25 | 0-8118| 0-8549 11/8 12 | 1-1232] 1-1118| 1-0691| 1-0631) 1-0210) 1-0348) 1-0438| 1-0709) 1-0787| 1-1250 
11/4 1-2500; 12 1-1959; 1-1478 | 1-1598 1 16 1-0237| 1-0721 11/4 12 | 1-2482) 1-2368) 1-1941) 1-1879) 1-1 1-1598) 1-1688| 1-1959| 1-2039| 1-2500 
13/8 1-3750) 12 1-32 1-2728 | 1-2848 1 9 1-2602| 1-3137 
11/2 1-5000} 12 1-4459| 1-3978 | 1-4098 1 3 1-5212| 1-5799 13/38 12 1-3731| 1-+3617| 1-3190| 1-3128) 1-2709|) 1-2848) 1-2938| 1-3209) 1-3290) 1-3750 
| 11/2 12 | 1-4981| 1-4867| 1-4440| 1-4376| 1-3959] 1-4098| 17-4788] 1-4459| 1-4542) 1-5000 
| | 
































FOOTNOTE FOR TABLES I AND II. 


bd ai on the average of the mean minor and pitch diameters of the external 


thread 


Nore: Figures printed in italics in the tables will appear in the American pnbli- 


cations, but do not constitute a part of the Unified system. 


Fooryores FOR TABLES III AND IV. 


wn but by the form of the threading too! 


(= 12/9 x hp) to the maximum pitch diameter of the internal thread 
controlled by gauges, but by the form of the threading tools. 








* The values in these tables are based on a length of engagement equal to the nominal diameter. 
¢ The minimum minor diameter of the external thread may be determined by subtracting 0-6495p 
(= hp) from the minimum Henk diameter of the eee thread. This minimum diameter is not controlled 


maximum major diameter of the net thread paz be be determined by adding 0-7939p 


This maximum diameter is not 
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while, research into the design and strength of 
screw threads is to be pressed forward by the 
National Bureau of Standards in the United States, 
the National Physical Laboratory in England, and 
the National Research Council of Canada; and it is 
hoped that the present accord will be extended to 
the other English-speaking nations (all of which, 
it is observed, use the English system of measure- 
ment in manufacture) and will lead to a continued 
development of standards. The unification of 
Acme and buttress threads is already well advanced, 
but there is much to be done yet in standardising 
drawiny-office practice before the full benefits of the 
present agreement can be realised. 

It has been stated above that the Editing Sub- 
committee have authority to settle various small 
differences not specifically covered by the main 
agreement, within certain limitations, the details 
of which are not given in Technical Report No. 1315. 
So far as the United States Unified Standards are 
concerned, any agreements reached by the Editing 
Sub-committee will be incorporated in the complete 
Standards without further formal action by the 
three Governments. Presumably, although it is 
not so stated, the terms of reference will have 
similar effect in Great Britain and Canada. It 
should be noted that the values given in the accom- 
panying Tables represent complete unification of the 
American, British and Canadian Standards for 
Unified Threads, with the exception of those shown 
in italics ; the latter will appear in the American 
publications, but do not constitute a part of the 
Unified system, though it is expected that, eventu- 
ally, agreement will be reached on certain of them. 


. 





FaILurRE OF A Facrory Lirt.—Section 22 (1) of the 
Factories Act, 1937, provides that “‘ Every hoist or lift 
shall be of good mechanical constryction, sound material, 
and adequate strength, and be properly maintained.” 
The Times of January 12, reports a case heard the 
previous day in which the Court of Appeal held that the 
words “‘sound material”’ must be given their literal 
meaning and created an absolute obligation on the 
employers. The respondent in the case was employed 
by the appellants to work a lift in their factory and 
while so employed he was injured owing to the breakage 
of part of the lift apparatus. It appeared that the 
breakage was due to a hidden defect in the material 
which was not apparent on reasonable inspection. The 
appeal was dismissed. 











RAIL-DRILLING MACHINE. 


THE machine shown in the accompanying illustration 
has recently been introduced by Messrs. Kitchen and 
Wade, Limited, Arundel-street, Halifax, for drilling 
fishplate-bolt holes in the ends of railway rails. It is 
normally provided with two spindle heads, although a 
third can be fitted if required. The control of the 
machine is very simple and is confined to one lightly- 
operated lever which controls the drive to the spindles, 
the feed and rapid traverse. The spindles, together 
with the whole of the drive and feed mechanisms and 
a 7}-h.p. spindle-drive motor, are mounted on a slide 
which runs on ways on the bed of the machine. The 
ways are at right-angles to the line of the rail being 
drilled, so that the slide can feed towards it. The 
horizontal spindles are provided with adjustable sockets 
which enable drills of different lengths to be used 
economically, and the centres of the spindles can be 
adjusted accurately between 34 in. and 11 in. to suit 
the pitch of the holes to be drilled. Ranges of s 
and feeds suitable for drilling holes from } in. to 1} in. 
in diameter in steel are provided, changes being effected 
by pick-off gears to which access is obtained through 
a hinged door on the slide, above the control lever. 

When the control lever, which is mounted in a 
convenient position on the bed, as shown in the illus- 
tration, is moved forward, it starts the spindle-drive and 
rapid-traverse motors ; the drills are thus moved quickly 
up to the rail. The rapid traverse is stopped and nor- 
mal feed operates until the holes have been drilled. 
The lever is then moved to the “ reverse ” position, the 
spindle-drive motor stops and the slide is withdrawn 
rapidly to enable the rail to be unloaded and a fresh 
one placed in position. The worktable is equipped with 
rollers, one on each side, mounted on brackets which 
can be adjusted for height to suit the rail section. The 
rail is run in on the rollers, located against an adjustable 
stop, and clamped by a vertical screw with a star 
handle. The bed forms a sump for the coolant which 
is supplied to the drills by an electrically-driven centri- 

al pump controlled from the starting lever; this 
arrangement ensures that the coolant is supplied only 
during the drilling operation. The machine is of sub- 
stantial construction and is provided with an efficient 
lubrication system. Its net weight is 42 cwt. 





WILBUR WriGHT LECTURE.—The 37th Wilbur Wright 
Lecture of the Royal Aeronautical Society will be held 
at 6 p.m., on Thursday, April 28, at the Institution of 
Civil Engineers, Great George-street, London, 8.W.1. 
The lecturer, Dr. Hugh Dryden, F.R.Ae.S., Director of 
Aeronautical Research to the National Advisory Com- 
mittee of Aeronautics, has chosen as his subject “ The 
Aeronautical Research Scene—Goals, Methods and 
Accomplishments.”’ 


LAUNCHES AND TRIAL TRIPS. 


M.S. “ GOLDHIND.”—Single-screw coaster built by 
Messrs. James Pollock Sons and Company, Limited, 
Faversham, Kent, for Messrs. E. J. and W. Goldsmith, 
Limited, London, E.C.3. Main dimensions: 180 ft. 6 in. 
by 30 ft. by 11 ft.; deadweight capacity, about 600 tons 
on a draught of 10 ft.6in. Eight-cylinder Diesel engine 
of 480 b.h.p., supplied by Messrs. Crossley Brothers, 
Limited, Manchester, to give a loaded speed of 9 knots. 
Launch, December 18. 


M.S. “ BRITISH VENTURE.”—Single-screw oil tanker 
built by Messrs. Joseph L. Thompson and Sons, Limited, 
Sunderland, for the British Tanker Company, Limited, 
London, E.C.2. Main dimensions: 423 ft. by 56 ft. by 
30 ft. 1 in.; deadweight capacity, 8,400 tons. Three- 
cylinder Doxford oil engine, supplied by Messrs. Richard- 
sons, Westgarth and Company, Limited, Wallsend-on- 
Tyne, to give a service speed of 11 knots. Trial trip, 
December 21. 


M.S. “ BriTisH MARINER.”—Single-screw tanker, built 
and engined by Messrs. Harland and Wolff, Limited, 
Glasgow, for the British Tanker Company, Limited, 
London, E.C.2. Main dimensions: 463 ft. (between 
perpendiculars) by 61 ft. 6 in. by 34 ft.; deadweight 
capacity, about 12,280 tons. Six-cylinder single-acting 
Harland-B. and W. Diesel engine. Trial trip, Decem- 
ber 28 and 29. 


8.8. “ Pompey PowErR.”—Single-screw collier built by 
Messrs. 8. P. Austin and Son, Limited, Sunderland, for 
the British Electricity Authority, Southern Division. 
Main dimensions: 242 ft. (between perpendiculars) by 
36 ft. 6 in. by 16 ft. 6 in.; deadweight capacity, 1,780 
tons. Triple-expansion engines of reheat design, con- 
structed and installed by the North Eastern Marine 
Engineering Company (1938), Limited, Sunderland, 
working in conjunction with two forced-draught boilers, 
Speed on trials, over 11 knots. Trial trip, January 10. 


M.S. “ Ranerroro.”—Twin-screw liner, carrying 410 
passengers in one class, together with refrigerated and 
general cargoes, built and engined by Messrs. Vickers- 
Armstrongs Limited, Walker-upon-Tyne, for the New 
Zealand Shipping Company, Limited, London, E.C.3. 
Main dimensions: 609 ft. by 81 ft. by 53 ft. to “C” 
deck; gross tonnage, about 19,000; load draught, 
32 ft. Two six-cylinder Vickers-Doxford oil engines 
developing 16,000 b.h.p. Service speed, 17 knots. 
Launch, January 12. 


8.8. “ Irniso Oak.”—Single-screw cargo liner, carrying 
12 passengers, built and engined by Messrs. John Read- 
head and Sons, Limited, South Shields, for Messrs. Irish 
Shipping, Limited, Dublin. Main dimensions: 434 ft. 
by 56 ft. by 35 ft. 44 in. to upper deck; deadweight 
capacity, about 7,500 tons. Triple-expansion engines 
and three oil-fired boilers. Launch, January 14. 


M.S. “‘ TRELAWNY.”’—Single-screw cargo vessel built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for the Hain Steamship Company, 
Limited, London, E.C.3. Second vessel of an order for 
five. Main dimensions: 443 ft. by 56 ft. 6 in. by 29 ft. ; 
deadweight capacity about 9,200 tons. Four-cylinder 
Doxford opposed-piston oil engine, to give a service 
speed of 13 knots. Launch, January 14. 


8.8. “ SILVERHOLLY.”’—Single-screw cargo vessel, 
built by Messrs. Joseph L. Thompson and Sons, Limited, 
Sunderland, for Messrs. Silver Line, Limited, London, 
E.C.2. First of an order for four. Main dimensions : 
473 ft. 8 in. by 61 ft. 7 in. by 40 ft. 10 in. ; deadweight 
capacity, 10,200 tons on a draught of 27 ft. 6 in. Marine 
steam turbines supplied by Messrs. Parsons Marine Steam 
Turbine Company, Limited, Wallsend-on-Tyne, and 
Foster Wheeler water-tube boilers, to give a service speed 
of 15 knots. Launch, January 15. 





THE LaTe Mr. B. W. METHLEY.—Mr. Bernard 
Willoughby Methley who, we regret to record, died 
at his home in Moorgate, Rotherham, on January 14, 
at the age of 72, was on the staff of Messrs. Steel, Peech 
and Tozer for 46 years. When he retired from the 
position of chief chemist at the Templeborough laboratory 
in 1947 he became a consultant to the Research and 
Development Department of the parent firm, The United 
Steel Companies, Limited. Mr. Methley was elected a 
Fellow of the Royal Institute: of Chemistry in 1917 and 
was a past-president of the South Yorkshire and North 
Midland Section of the Institute. He was elected a 
Fellow of the Institution of Metallurgists in 1946, and was 
also a member of the Iron and Steel Institute and of the 
Sheffield Metallurgical Association. He served as 
President of the last-mentioned body in 1923, and was 
also for some years a member of the Standard Methods 
of Analysis Sub-Committee of the Joint Committee on 
the Heterogeneity of Steel Ingots, of the Iron and Steel 
Institute and the British Iron and Steel Federation. 
This, in common with other similar committees, now 
operates under the wegis of the British Iron and Steel 





Research Association. 
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LABOUR NOTES. 


Britarn’s working population, men up to the age 
of 65 and women up to the age of 60, in work or 
available for work, received a net increase of 16,000 
during November, a reduction of 10,000 men being 
offset by the entry of 26,000 more women into industry. 
During October, the net increase was 12,000, a loss of 
8,000 men being compensated by a gain of 20,000 
women. The working population rose by 30,000 and 
43,000 net during the months of September and August, 
respectively. Statistics issued by the Ministry of 
Labour on Monday give the total working population, 
within the insured ages, as 20,377,000 at the end of 
November, compared with 20,361,000 at the close of 
October, 21,649,000 at the peak period in mid-1945, 
and 19,750,000 in mid-1939. The number of persons, 
adults and juveniles inclusive, registered as unem- 
ployed on December 6 was 327,213, a very slight 
reduction on the November 15 figure of 327,943. 
These numbers represented about 14 per cent. of the 
total industrial population. 





The total number of persons engaged in basic indus- 
tries at the end of November was 3,716,000, a fall of 
8,000 from the previous month’s figure of 3,724,000. 
A decrease of 4,000 took place in transport and ship- 
ping, and one of 5,000 in agriculture. The remaining 
groups, coal-mining, other mining and quarrying, 
fishing, and public utilities, either remained statio: 
or received small compensating gains; The manufac- 
turing industries employed 7,364,000 persons at the 
end of November, an increase of 22,000 (9,000 men 
and 13,000 women) on the October total of 7,342,000, 
and an improvement, by over 113,000, on the figure 
for the end of 1947. The number of persons engaged in 
the metals and engineering industries increased during 
November by 7,000 to 2,914,000. In the non-manufac- 
turing group, building and civil-engineering suffered a 
net loss of 14,000 employees during the month. Persons 
employed in man ure for export increased b 
8,000, a net increase of 28,000 on the mid-1948 total. 
Persons of foreign nationality, numte ing 3,200 were 

in employment during November, com with 
8,900 in October and 9,900 in September. oO one was 
directed into industry under the Control of Engage- 
ment Orders, 1947-48,;during November. 





Proposals for the nationalising of the shipbuilding 
industry have been prepared by the United Society of 
Boilermakers and Iron and Steel Shipbuilders. These 
have now been presented to the executive of the 
Labour Party, and the society’s general secretary, 
Mr. Edward J. Hill, reporting this in his January 
circular to members, states: “‘ We found some diffi- 
culty in dealing with ship repairing mainly because it 
could be argued that this is essentially maintenance, 
and, therefore, part of the shipping industry rather 
than of the shipbuilding. We have not pressed for 
nationalisation of the ship-repairing industry as a 
whole at this stage. We consider that where ship- 
repair work is at present carried on in shipbuilding 
yards, it should be acquired along with the yards. 
The rest of the ship-repair industry should operate 
under licence from the Minister, so that it can be fitted 
into the national plans.” Mr. Hill says that the society 
hopes that the Labour Party will accept the principle 
involved and include the nationalisation of ship- 
building in their 1950 election programme. 





The National Coal Board’s plans for the reorganisa- 
tion of man-power in the Scottish coalfield are likely 
to be modified considerably, according to a statement 
issued in Edinburgh on Monday at the close of a meeting 
of the Scottish executive of the National Union of 
Mineworkers. It is now understood that only 29 pits 
will be affected. instead of the 40 originally intended. 
These, situated for the most part in the West of 
Scotland, are due to be closed during the next two 
years on the ground that they can no longer be worked 
economically. The miners concerned will, in the main, 
be found employment at other collieries in their own 
localities. The President of the union’s Scottish area, 
Mr. Abe Moffat, stated after the meeting that his area 
executive had ruled against the introduction of foreign 
miners to the pits while the reorganisation was 


P 





Stated to be the most highly mechanised of the 
National Coal Board’s eight divisions, the East Mid- 
lands made its record output during 1948, when the 
98,000 employees on the division’s books produced 
37,072,671 tons of saleable coal. Sir Hubert Houlds- 
worth, chairman of the divisional board, stated on 
Monday that, during the year, the division had supplied 
14 per cent. of all coal allocated to the nation’s gas 
undertakings, 25 per cent. of the total supplied to 
electricity undertakings, and 28 per cent. of the total 


nary | lists of men dismissed for persistent absenteeism to be 


since vesting day of 2-68 cwt. Coal output, per wage- 
earner for the year, was 380-4 tons, rather more than 
108 tons better than the average for the whole country. 
Sir Hubert asserted that the success of the division 
was not due to its possessing exceptional natural con- 
ditions. Over 70 per cent. of the division’s coal came 
from seams having a thickness of less than 3 ft. 6 in., 
and, of this, 28 per cent. came from seams with a 
thickness of under 3 ft. 





Sir Hubert referred to absenteeism as the one black 
spot of the division. During 1948, it reached an 
average of 16-93 per cent. among miners at the coal 
face and 12-96 per cent. overall. Volunt absen- 
teeism averaged 9-53 per cent. at the coal face and 
6-86 per cent. for all miners. He stated that 621 men 
had been dismissed in the division during the year for 
absenteeism, mainly on the advice of the colliery con- 
sultative committees. Mr. Ernest Jones, secre of 
the Yorkshire area of the National Union of Mine- 
workers, has estimated that more than 600 miners 
have been dismissed in the Yorkshire area for persistent 
absenteeism during the last six months of 1948. This 
problem is certain to be discussed in detail by the 
Coal Joint Production Committee, which was estab- 
lished by the Board and the union jointly last 
autumn andr d its tings on Tuesday. One 
scheme which has been mentioned, and which may 
receive the joint committee’s recommendation, is for 





prepared by divisional labour directors and circulated 
immediately to other coalfields as well as to labour 
officers in their own areas, for redistribution to pit 
managers. As things are, miners dismissed for absen- 
teeism are believed to have been successful in getting 
employment at other collieries with but little difficulty. 





Traffic receipts of British Railways for the four- 
weekly period ending November 28 last amounted to 
24,301,0001., compared with 24,887,000/. for the corre- 
sponding iod in 1947. Earnings for the first 48 
weeks of 1948 totalled 307,667,000/., against 
273,828,0001. for the same part of 1947. Receipts 
from steamship services produced a further 9,046,000I. 
during the 48 weeks ending November 28, 1948, com- 
pared with 8,122,000/. during the first 48 weeks of 
1947. London Transport Executive and Inland Water- 
ways Executive, respectively, earned 4,351,000/. and 
145,000. during the four weeks ending on Novem- 
ber 28, 1948, compared with 4,153,000/. and 137,000J. 
during the same period in 1947. London Transport 
received 53,064,000/. and Inland Waterways 1,585,0001., 
for the 48 weeks ending on November 28 last, against 
48,454,0001. and 1,427,0001., respectively, for the first 
48 weeks of 1947. The Hotels Executive earned 
995,0001. during the four-weekly period to Novem- 
ber 28, compared with 963,000/. during the correspond- 
ing four weeks in 1947. The receipts of this Executive 
for the first 48 weeks of 1948 were 12,321,000I., against 
11,504,0001. for the first 48 weeks of the preceding year. 
These figures, published by British Transport Com- 
mission, do not represent the total receipts of the four 
Executives and, in general, with the exception of the 
Hotels Executive, they relate only to receipts charged 
for the conveyance of passengers and goods. 





Sitting at the request of the Minister of Labour, a 
panel of five members of the National Arbitration 
Tribunal, under the chairmanship of Lord Terrington, 
received statements, on January 12, from the four 
Executives and the National Union of Railwaymen in 
connection with the union’s claims for an overall wage 
increase of 12s. 6d. a week for its 450,000 members. 
Mr. George Isaacs had asked the Tribunal to inquire 
whether the industry’s existing negotiating machinery 
was adequate to deal with the dispute or, alternatively, 
to what arbitrating authority the claims should be 
submitted. Acting, it is understood, in accordance 
with the advice offered to him by the panel, Mr. Isaacs 
announced, last Friday, that he had decided to refer 
the union’s demands against the Railway Executive, 
London Transport Executive and the Docks and 
Inland Waterways Executive to the joint conciliation 
machinery already existing in the industry. The 
union’s similar claim against the Hotels Executive 
was referred to the National Arbitration Tribunal 
for decision as no negotiating machinery exists 
within that industry for employees of the Hotels 
Executive. 





The Ministry of Labour announced at the end of last 
week that Mr. Isaacs had appointed an independent 
tribunal to consider the claims of London Transport 
road employees for increased payment for Saturday 
afternoon working. The tribunal will consist of Mr. 
John Cameron, K.C., chairman, Mr. James Bowman, 
Vice-President of the National Union of Mineworkers, 





allotted to domestic consumers. Output per man-shift 
among all employees averaged 31-74 cwt., an increase 





RAILWAY ROLLING STOCK AND 
TENDENCIES IN DESIGN.* 


By O. V. S. Boxxet. 


THE commercial organisation and the transport 
facilities in any country are closely related. When 
industry is divided into small and medium-sized units 
and the units widely dispersed at short distances 
apart, even when in well-defined areas, such as, for 
example, London, Glasgow, Birmingham and Man- 
chester, the traffic facilities tend towards the operation 
of frequent services of moderate-sized trains running 
at good speeds. Geography plays its part by deter- 
mining the relative positions of the land and sea 
boundaries, and the relative location of one country to 
another influences the development of ports and the 
railway system connecting them with producing or 
distributing centres. The physical formation of the 
territory traversed influences the loads of the trains 
and affects the power of the locomotives needed to 
work them. These considerations have to be kept in 
mind when making comparisons, and especially when 
contrasting conditions and designs with other countries, 
and America in particular. 

fore we consider present tendencies in design, let 
us turn back to the beginning of the century so as to be 
able to appreciate some of the changes that have 
taken place. Fig. 1, on 60, shows the Atlantic 
type, or 4-4-2 locomotive’ of 1903, introduced by Mr. 
H. A. Ivatt, the locomotive superintendent of the Great 
Northern Railway. This engine was the first in Britain 
in which the boiler capacity or horse-power equalled 
that of the cylinder horse-power, using the Cole formule. 
This engine brought us abreast with the best United 
States practice as regards boiler dimensions. Mr. Ivatt 
strongly advocated the value of a free exhaust and, 
this he achieved by the use of open-backed balanced 
slide valves of the Richardson type. 
Fig. 2, page 60, is a 4-6-0 tender engine of 1902, 
designed by Mr. Churchward, of the Great Western: 
Railway, and this and subsequent i demon- 
strated the value of long-travel piston aes and good 
steam ports. These engines, like the former, also reflect 
United States influence where the long-travel valve was 
in use and where the form of construction of the cylin- 
ders and saddle and the arrangement of Stephenson 
gear adopted were the usual practice. Fig. 3, page 60, 
shows the Churchward 4-6-0 of 1909 and Fig. 4, oppo- 
site, the Hawksworth 4-6-0 of 1945. 
Table I gives the leading dimensions of the Church- 


TABLE I.—Leading Dimensions of 4-6-0 Locomotives. 





Hawksworth 


Churchward 
4-6-0 4-6-0, 
Built 1945. 


Built 1909. 





ag wheelbase—engine and 
er + 


ten ide on 53 ft. 64 in. 53 ft. 64 in 
Total whee!base—engine 27 ft. 3 in. 27 ft. 3 in, 
Driving- wheel, dia. : 6 ft. 8} in 6 ft. 3 in. 
No. of cylinders ea a 4 2 
Dia. and stroke inin. .. ..| 14, in. x 26in./18,in. x 30 in. 
Max. dia. of boiler barrel 5 ft. 6 in. 5 ft. 8§ in. 
Length of boiler barrel ..| 14ft. 10in 12 ft. 7% in. 
Length of firebox, outside a 9 ft. O in. 9 ft. 3 in. 
Boiler pressure, Ib. per sq.in. . . 225 280 
Heating surface tubes, large and 

small, in sq. ft. om ee 1,599-4 1,545 
Firebox heating surface, sq. ft. 155-4 169 
Total evaporative heating sur- 

face, sq.ft. .. om “4 1,754-8 1,714 
Superheater heating surface, 

sq. ft. aa +s ie 260 265 
Total combined heating surface 

sq. ft. ‘f es oe 2,014-8 1,979 
Grate area, sq. ft. 27-07 28-84 


Tractive effort at 85 per cent. 
boiler pressure, Ib. .. ea 26,560 32,580 
Adhesive weight, tons a 55-4 59-1 

Adhesive factor = adhesive 


weight = tractive effort .. 4-67 4-06 
Total weight in working order— 

engine, tons .. eae te 75°6 76-85 
Total weight in working order— 

engine and tender, tons ies 115-6 125-85 











ward 4-6-0 of 1909 and of Hawksworth’s 4-6-0 of 1945, 
and shows the changes in dimensions. The two: 
engines are similar in general layout and both carry 
taper-barrelled boilers with Belpaire fireboxes, the 
fireboxes being set down between the frames. The 
former engine was a four-cylinder simple-expansion 
engine with divided drive, the inside cylinders driving 
the leading pair of woupled wheels and the outside 
cylinders the middle pair. Two sets of Walschaerts 
valve gear were fitted and drove the inside valves 
directly and the outside valves through horizontal 
rocking levers. The later engine is fitted with two 
simple-expansion outside cylinders. Stephenson valve 
gear is employed. An early engine to combine good 
boiler capacity, free admission and free exhaust, and‘ 
adequate superheat was the Pacific locomotive shown 





* Paper read before Section G of the British Associa- 





and Major-General Lord Burnham, managing director 
of The Daily Telegraph. 





tion at Brighton, on Friday, September 10, 1948.-. 
Abridged. 
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DEVELOPMENT OF BRITISH LOCOMOTIVES. 














Fic. 4. Great WESTERN Ralway 4-6-0 LocomoTivgz, 1945. 

















ed Faas 


Fie. 5. Great Norroern Ramway Paciric Locomotive, 1922. 


in Fig. 5, which was designed by Sir Nigel Gresley for 
the L.N.E.R., and went into service in 1922. 

Let us now consider some recent locomotives. 
Fig. 6, on page 70, shows Mr. A. H. Peppercorn’s 


Pacific-type locomotive No. 525, which ap in 
1947. Fig. 7, on page 70, shows Mr. H.G. Ivatt’s 
Pacific-type locomotive No. 6256, which went into 


service in 1947. Table II gives the leading dimensions 
of Mr. H. A. Ivatt’s Atlantic locomotive, Sir Nigel 
Gresley’s Pacific, Mr. A. H. Peppercorn’s Pacific and 
Mr. H. G: Ivatt’s Pacific. The development as regards 
size and change in proportions can be followed from the 

ures given. 

If we look at the boilers we find the first three 
follow the same general lines. The boilers have round- 





two outside cylinders driving the trailing coupled axle ; 
the Gresley Pacific, three cylinders all driving the middle 
coupled axle ; the Peppercorn Pacific three cylinders, of 
which the middle cylinder drives the leading coupled 
axle and the outside cylinders the middle coupled 
axle; and the Ivatt four cylinders, the two inside 
cylinders driving the leading coupled axle and the out- 
side the middle coupled axle. The division of the power 
exerted by the cylinders as between two axles divides 
the loads on the axleboxes. It tends to increase the 
length of the locomotive at the leading end, as the 
cylinders have to be placed well forward to get a 
connecting rod of reasonable length. The balancing 
of the reciprocating masses is more complicated and the 
hammer blow of the individual axles may be increased. 


TABLE II.—LEapInG DIMENSIONS OF ATLANTIC- AND PACcIFIO-TYPE LOCOMOTIVES. 

















H.A. Ivatt Gresley Peppercorn H.G. Ivatt 
Atlantic. Pacific acific. Pacific. 
Total wheelbase—engine and tender 48 ft. t in, 60 ft. 10§ in 60 ft. 5% in. 62 ft. 11 in. 
Total wheelbase—engine a : 26 ft. 43 in. 35 ft. 9 in. 34 ft. 4 in. $7 ft. 0 in. 
Driving-wheel diameter 6 ft. 8 in. 6 ft. 8 in, 6 ft. 2 in. 6 ft. 9 in. 
Number of cylinders .. 2 3 3 7 
Dia. and stroke ‘ .| 18gin, x 24in.| 20in. x 26in. | 19in. x 26in. | 164in. x 28in 
Max. dia. of boiler barrel -» 5%. 6in, 6 ft. 5 in. 6 ft. 5 in. 6 ft. 5} in. 
Length of boiler barrel ..| 15 ft. 11% in. 19 ft. 0 in. 17 ft. 0 in. 20 ft. 3% in 
Length of firebox, outside -+| 5 ft. 11 in. 6 ft. 8 in. 7 ft. 11¢ in 8 ft. 6 in. 
ler pressure, 1b per sq. in. oof 175 180 250 
Heating surface tubes, large and small, in sq. ft. wel 2,859 2,715 2,216 2,577 
Firebox heating surface, sq. ft. pa in 141 21 245 
Total evepennire heating Tastes, sq. : ft. a 2,500 2,930 2,461 2,807 
——— heating surface, sq + ~ 525 979 
1 combined heating cures, sq. ft. wl oe 8,455 3,141 3,786 
Grate area, sq. ft. Sa 3 41-25 50- 
Tractive effort at = 5 per cent. boiler ‘pressure, Ib. . 15,690 29,835 40,430 40,000 
Adhesive weight, to 36-0 60-0 66-0 68-1 
Adhesive factor = ~ a weight = tractive effort 5-14 4°5 3-66 3-81 
Total weight in working order—engine, to 68-4 92°45 101-0 106-4 
Total weight in working order—engine and a enter, ‘tons . 109-3 148-75 161-35 163-2 








topped, wide-type fireboxes. The fourth boiler is fitted 
with a Belpaire-type wide firebox. The three later 
engines have a large superheating surface. These 
differences in firebox design, round-topped or Belpaire, 
appear to be to some extent due to the traditional 
practice of the railways, rather than to any definite 
appreciation of the superiority of one type as compared 
with the other. As the Belpaire firebox is coming into 
more general use with the increase in boiler pressure, 
its advantages may be summarised as follows: im- 
jw roved staying; increased water-surface area; and 
rger steam space or volume above the inner firebox. 
Against these there is the disadvantage of somewhat 
greater first. cost. 
As regards the engine mechanism, the Atlantic had 





In designing these engines great attention has been 
given to simplification and accessibility for mainten- 
ance, with the object of increasing the availability of 
the locomotives. Provided the track can stand it, 
and the increased track maintenance resulting from 
increased rail impact is not objected to, the tendency is 
towards two-cylinder engines for medium power and 
three or four cylinders for high power. The reason 
there has been no marked change in size in recent 
years is to be found in the permanent way. It has not 
been thought necessary to incur the cost that would be 
involved to make it capable of withstanding greater 
axle loadings to enable longer and heavier trains to be 
hauled, and higher speeds requiring marked increase 





in the power of the locomotives. 


The tendencies for which we have to look are in 
respect of refinements in design to augment the power 
for a given weight, to improve the efficiency and to 
increase availability. Other tendencies are towards 
greater ease in driving, and greater comfort and greater 
ease in servicing. 

It will be of interest to examine what has been 
done in these directions in the case of the Southern 
Battle of Britain Pacifics. The cylinder tractive 
efforts of the Battle of Britain class locomotive and of a 
King Arthur class engine are given in Table III, which 
also gives the weight in working order of the engine, 
and of the engine minus the boiler separately, and the 
tractive effort in pounds per ton of total engine and 
per ton of engine proper weight. It will be noted that 


TABLE III.—Dimensions and Ratios, “‘ King Arthur” 
and “ Battle of Britain ’’ Locomotives. 








King Battle of 
Arthur. Britain. 
Cylinder tractive effort at 85 per cent. 
boiler pressure, Ib. -| 25,320 31,000 
Weight in working order—engine, tons 80-95 86 
- | Weight in working order—engine less 
boiler, tons ca Je ‘. pes 53-5 54°35 
Cylinder tractive effort in lb. per ton, 
engine .. ée os ~ os 312 360 
Cylinder tractive effort in Ib. per ton, 
engine and ss in capraads order .. 183 241 
Grate area, sq. ft. on 30 38-25 
Firebox ae surface, 89. ft. 162 253 
Total heating surface, sq --| 2,216 2,667 
Grate area — boiler weight 1-18 1-21 
Firebox heating surface + boiler weight 6-36 8-0 
Total heating surface — boiler weight . 87 84-3 











the net engine weight is almost the same in each engine 
but that the tractive effort is nearly 6,000 lb. greater, 
figures which indicate the progress in design and manu- 
facturing methods. 

Table ITI also gives the weights in working order, the 
grate areas, firebox heating surfaces, the total heating 
surfaces and these factors per ton of boiler weight. They 
indicate the progress made in boiler design. The large 
boiler fitted to the Battle of Britain locomotives was 
made possible by the extensive use of welding. The 
reduction in boiler weight is due mainly to the inner 
firebox being of steel plates welded together instead of 
riveted. The steel plate is } in. thick and the copper 

lates, had they been used, would have been ¥ in. and 
in. The saving in weight amounts to 1-125 tons. 
The double thickness of plate when the box is riveted 
is avoided with welded construction. The foundation 
ring was made of a U-shaped plate welded to the 
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LONDON AND NortH Eastern Raitway Pacrric Locomotive, 1947. 














Fig. 7. Lonpon Mrpitanp anD Scottish Ramway Paciric Locomotive, 1947. 
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bottom of the firebox plates, instead of a forged ring 
between the outer and inner firebox plates, which is 
usually riveted. The increased steam-producing capa- 
city of the boiler has been obtained by increasing the 
heating surfaces, especially of the firebox, and by the 
addition of the two thermic syphons which, connecting 
the front water leg of the firebox with the crown of the 
inner firebox, pass through the hottest zone of the fire- 
box. The advantage of large firebox heating surfaces 
is that the heat is transmitted to the water by conduc- 
tion, whereas in the case of the tube heating surface 
power is expended in forcing the gases through them. 
The firegrates on modern locomotives have increased 
to such a size as to approach the limit of the fireman’s 
ability to feed the quantity of coal used by the engine 
at full capacity. 

To increase the efficiency of the cylinders, ample 
steam passages have been provided between the boiler 
and the cylinders, and in the West Country engines a 
7 in. diameter regulator valve and main steam pipe of 
the same diameter are fitted in the boiler. The steam- 
chest volume is equal to that of one cylinder volume at 
full cut-off. Large-diameter piston valves allow the 
steam to pass freely from the steam chest to the 
cylinder. The exhaust es are also of ample 
proportions to allow the exhaust steam to flow without 
obstruction to the blast pipe and so to the atmosphere. 

The mechanical efficiency has been increased by 


reducing losses due to friction by increasing the size 
of the bearings and reducing the bearing pressure. 
Continuous lubrication is provided to all the motion 
bearings, including the slidebars and crosshead and 
small- and big-end of the inside connecting rod. The 
design of cylinders and valves and the disposition of the 
blast pipe, and the absence of anti-vacuum valves in 








the superheater header, have resulted in a better per- 
formance of the cylinders and valves. These features 
have made it possible to increase the mileage run 
between valve, piston and enclosed-motion examination 
from 25,000 to 40,000 miles. The tendency should be 
towards the total enclosure of all moving parts, to bring 
the steam locomotive in line with accepted practice 
in all other fields. 

Turning to the availability of the locomotives, any 
detail which can be made to run longer periods between 
examinations increases it. One of the details which 
gives trouble from time to time is the overheating of 
axles, and is the result usually of a breakdown of the 
oil film. Roller-bearing axleboxes may be expected to 
reduce trouble from this cause, and thereby increase 
the availability of the locomotives so fitted. With 
West Country class locomotives we have had only one 
hot box for every 859,000 miles. 

The major cause of engines being taken out of traffic 
is the need to wash out the boilers. This takes place 
at frequent intervals, such as every seven or ten days, 
to prevent scale forming on the plates and to avoid 
trouble caused by priming. Water treatment has 
been used on a large scale, and thongh the results have 
been good, something better was needed. It was not 
appreciated that the use of even a small proportion of 
untreated water would undo the benefits the treated 
water might give. 

The Traitement Intégral Armand, known as the 
T.LA. system of water treatment, is standard practice 
on the French National Railways, and in view of 
the results obtained thereon has been introduced on 
the Southern Region. The water in the tanks and in 
the boiler is analysed each day. The chemical fluid 
required to treat the water is displaced, from the 








tank in which it is carried, automatically in proportion 
to the quantity of water put into the water tank 
when water is taken. Its composition is based on the 
water or waters used, and is varied to meet the condi- 
tions revealed by the daily examination. The treat- 
ment removes oxygen and carbon dioxide from the 
water and all the scale-forming constituents present 
in the water are precipitated in the form of a soft non- 
adhering mud. The water is brought down to zero 
hardness and is made alkaline to prevent corrosion. 
In order to prevent priming, the engine is fitted with a 
manually-operated blow-down valve which is opened 
every thirty miles for 30 seconds. Automatic blowing 
down has been found ineffective, as the water in the 
firebox legs was not disturbed sufficiently to get rid 
of the mud deposited. This system of boiler-water 
treatment has made it possible to increase the period 
between washing-out from seven days to two months, 
and at the same time the boilers which showed scaling 
are now completely free from any trace of scale. This 
period of two months has been selected as it is felt 
desirable to inspect the firebox plates and stays at this 
interval. 

The Southern Region is essentially a ram line, 
and the operating conditions differ, as a result, from 
those of the other regions. The locomotive require- 
ments, as regards express passenger trains, have been 
met by the Merchant Navy, West Country and Battle 
of Britain engines, and, as regards goods and passen- 

ers, by engines of the Q1 type. There is much work 
‘or which tender engines are not necessary. To cover 
such duties, and thereby meet practically all require- 
ments, a tank engine is needed—one able to work 
passenger and goods trains over all the Regions with 
unimportant exceptions. Such a tank engine is now 
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under canstruction in the Brighton shops. As many 
new features are incorporated in the design, which is 
in many ways a departure from traditional practice, 
five of these engines are being built so that they can be 
tried out in all classes of service over the whole Region. 
Figs. 8 and 9, opposite, show this engine diagram- 
matically. It will be seen that the engine is carried on 
two six-wheeled bogies, so that the whole weight is 
available for adhesion, both for driving and for braking. 
A driving cab is provided at each end, so that the 
driver will have a full view of his signals and of the 
track. The whole of the motion, connecting rods, etc., 
is enclosed and continuously lubricated. Roller bear- 
ings are used in all the axleboxes. The suspension 
springs are above the axleboxes and are carried inside 
the box frame. The axleboxes and springs are also 
under continuous lubrication. 

With a view to improving the thermal efficiency and 
the power developed, a new design of cylinder and valve 
has been introduced. The admission of steam to, and 
exhaust from, the cylinder is controlled by a sleeve 
valve instead of the usual piston valve. The clearance 
volume has been substantially reduced and the port 
openings increased. The sleeve is made of cast iron 
and slides inside liners of cast iron, which are pressed 
into the fabricated-steel cylinders. The ports for 
admission and exhaust of the steam are machined in 
the sleeve and equally distributed round the circum- 
ference, so as not to impede the flow of steam into the 
cylinder and of the exhaust steam to the blast pipe. 
The steam and exhaust ports are separate, whereas, 
in the present type of locomotive cylinder, the same 
passages are used for live steam and exhaust steam. 
The steam-chest volume is 3} times the cylinder volume 
at maximum cut-off. The ratio of the port area to the 
cylinder area, as compared with the West Country 
class, is 1-9 to 1. The clearance volume is only 6 per 
cent. These new features should increase the thermal 
efficiency appreciably. 

The firebox, as usually fitted, has been suppressed, 
and instead, four thermic syphons are used in con- 
junction with a round top shaped drum and a barrel 
containing the tubes and flues. The boiler is of welded 








construction throughout. The thermic syphons are 
attached to the underside of the drum at the heads of 
the syphons. The necks of the syphons are attached 
to the underside of the boiler barrel. The syphons 
will ensure the circulation of water from the boiler 
barrel to the drum above the fire, the water passing 
through the thermic syphons at the hottest part of the 
furnace. The hot gases will be on both sides of all 
the syphons and not, as in the usual water leg of the 
firebox, at one side only. This should reduce the 
maintenance of the firebox, as a large percentage of this 
maintenance on the water-leg type of firebox is spent 
on attending to and renewing the water-space stays 
connecting the inner and outer fireboxes. 

The steam locomotive has been dealt with in detail 
as our railway system is still based on such locomotives. 
Let us now consider the alternative forms of locomotion. 
In this country, with its abundant coal resources and 
with the national need to export the higher grades of 
coal, electrification commands attention. In areas 
with heavy passenger traffic the multiple-unit type 
of working is favoured. The electrical equipment on 
the four-coach all-steel suburban units of the Southern 
Region is generally similar to that used on all electric 
stock built since 1935. On the leading bogie of each 
motor coach are mounted two traction motors con- 
trolled on the usual series-parallel system. The main 
electrical control equipment is mounted under the floor 
of the coach, in order to provide the maximum space 
above the floor for passenger accommodation. Auto- 
matic acceleration is provided, the rate of acceleration 
up to approximately 27 m.p.h. being fixed at 1 m.p.h. 

second. 

The traction motors are of the No. 339 type with 
series winding and interpoles. The chief features are : 
275 h.p. on a one-hour rating for 75 deg. C. temperature 
rise; totally enclosed; speed at one hour rating, 
611 r.p.m.; gear ratio, 2-81:1; sleeve-type waste 
lubricated bearings ; balancing speed on level (four- 
coach train), 55 m.p.h. Straight spur gearing is used 
between motor hes driving axle, with 2 D.P. and a 
pressure angle of 14-5deg. The motor is for 
nose suspension. Each motor is connected by four 
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cables (two field and two armature), to a connection box 
mounted in the underframe immediately above it. 

The improvements, from both operating and safety 
points of view, which have been introduced in the 
case of control apparatus have generally prevented the 
attainment of any spectacular decrease in weight in 
this respect, and designs have tended rather to be 
aimed at attaining better performance without increas- 
ing weight. In the case of traction motors, however, 
higher accelerations and higher average and maximum 
speeds are being envisaged, together with higher 
passenger loads, and the continued increase in the 
numbers of electric vehicles, coupled with progressive 
improvements in traction-motor design, have indicated 
that advantages would be gained by adopting a lighter 
ventilated motor for both suburban and express ser- 
vices in place of the larger and heavier totally-enclosed 
types so far used. The most important advantages 
of such a motor are: higher continuous output, reduced 
deadweight, higher acceleration, lower energy consump- 
tion, and lessened mechanical stresses on bogie and 
track. 

Such a motor has been developed and tested, and is 
being introduced generally on new stock. The charac- 
teristics of this motor, compared with the type 339 
and type 163 motors used at present for suburban 
and express duties, respectively, are shown in 
Table IY. 


TaBLE IV.—Characteristics of Traction Motors. 


























339 163 Lightweight 
Motor. Motor. Motor. 
Total weight, including 
ears gearcases ..| 3-6 tons | 3-38 tons 1-92 tons 
aP. max. accelerating . . 300 210 300 
H.P., continuous .. ” _ } —_— 180 
Type aa ..| Totally- | Totally- | Ventilated 
| enclosed | enclosed 
Max. safe armature speed 1,600 1,680 2,550 
r.p.m. r.p.m. r.p.m. 
Gear ratio .. | 21:59 23 : 57 17: 65 
Bearings .. Sleeve Sleeve Roller 
Each coach on the latest multiple-unit stock of the 
Southern Region is lighted by two circuits of 75-volt 


60-watt lamps connected 9 or 10 in series across the 
660-volt supply through a lighting contactor, which 
can be operated from a switch in any guard’s van in a 
train. The lighting-control circuit is carried through 
the train in a separate three-core control cable, with 
flexible jumpers between coaches. 

In compartment coaches, a 300-watt 60-volt heater 
is provided under each seat. The heaters are connected 
9 or 10 in series and fed at line voltage through quick- 
break switches housed in a box at one end of the coach ; 
the circuits are arranged so that either half or full-heat 
can be obtained as required. In open-type coaches, 
the same circuit arrangements apply, but the heaters 
are of 500-watt rating to compensate for any increased 
air circulation and the possibility of draughts which 
might be encountered in this type of coach. 

Future electrification will increase the use of electric 
locomotives, especially for goods services. Fig. 10 
shows a Southern Region electric locomotive, the 
leading dimensions of which are shown in Fig. 11. 
This CoCo locomotive hauls freight trains of up to 
1,000 tons in weight and passenger trains at speeds up 
to 75 m.p.h. The locomotive is carried on two six- 
wheel bogie trucks of new design without bolsters. 
The usual bogie centre is replaced by four quadrants, 
two of which are placed nearly over the outer axles 
and two over the bogie frames. Spring-control gear 
is provided to ensure that the bogies are kept in line 
with the longitudinal centre-line of the locomotive. 

Each of the six axles is driven by an electric motor 
through single-reduction spur gearing. The locomotive 
is fitted with an electrically-fired boiler for supplying 
steam for heating passenger trains, as well as electrically- 
driven compressors and exhausters in connection with 
the brakes. At each end is fitted a controller and brake- 
operatinglevers. Direct current at 650 volts is collected 
from the conductor rail by cight shoes, of which four 
are mounted on each side of the locomotive ; a booster 
is fitted, enabling the locomotive to run over long gaps 
in the conductor rails. Six force-ventilated nose- 
suspended traction motors are fitted, one to each of the 
six axles. The maximum one-hour rating of each 
motor is 245 h.p. for a temperature rise of 75 deg. C. 
The motors are permanently connected in series. The 
rate of acceleration, with a load of 1,000 tons, is 0-3 
m.p.h. per second, and with a load of 425 tons, is 
0-5 m.p.h. per second. The normal average accelerat- 
ing current, up to 37 m.p.h., with a load of 425 tons 
at 600 line volts, is 800 amperes. A pantograph is 
mounted on the roof for collecting current from over- 
head wires in sidings. This locomotive has a capacity 
of 1,470 h.p. at one-hour rating. The total adhesive 
weight is 99 tons 14 cwt., and the total wheelbase 
43 ft. 6 in., with a length over buffers of 56 ft. 9 in. 
The diameter of the wheels is 3 ft. 7 in. 


(To be continued.) 


72 


ENGINEERING. 











JAN. 21, 1949. 








NOTES ON NEW BOOKS. 


Electro-Plating and Anodising. Fourth edition. General 
Editor: E. Mottoy. George Newnes, Limited, 
Tower House, Southampton-street, Strand, London, 
W.C.2, [Price 7s. 6d. net.] 

Arter a brief historical survey, this little 230-page 

book, first published in 1941, outlines the general theory 

of the electroplating i. and then discusses, in 
simple terms, some of its industrial applications and 
the techniques adopted for the electro-deposition of 
various metals. Different types of ne and 
plant layout are described and illustrated, and the 
chapter on the electro-deposition of chromium, cad- 
mium, nickel, tin, and zinc contains a —_ _ 
summarising the ible causes and cures of trou 
which may saapae oi nickel and chromium ee 
solutions. Sections are also devoted to the electro- 
plating of hardware and to the anodising of aluminium, 
and the testing of finished work. Reference is made 
to the reverse-current electroplating process ; an index 
is also given. The book is written in an easy though 
somewhat didactic style, and, in general, stresses the 
practical points met by those engaged in electroplating 
or new to the work. 





Heating and Air Conditioning Equipment for Buildings. 
By F. Burtace Turpin, M.I.H.V.E., M.Inst.F. 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 30s. net.] 

Ts is an unusual book in that it deals with its subject 
qualitatively and assesses the relative merits of various 
systems of heating and ventilation without going 
deeply into technicalities or details of design. It is 
intended mainly for building owners and architects— 
in a word, for the purchaser rather than for the engineer 
or contractor ; thus it breaks new ground and provides, 
in effect, an interesting and well-illustrated guide. The 
book is divided into four Part I is a general 
introduction, and describes, rather wordily, the object 
of the work, the conditions required in buildings, and 
the main categories of heating and ventilation methods. 
Part II covers the construction and functions of appli- 
ances and systems, and contains data of particular 
interest to architects, such as the relative frontal areas 
of different types of warming appliances, and the 
sizes, for various volumes of heated space, of the boiler 
house, fuel store and chimney. Part III is catholic 
in scope, and covers fuels (with some notes on relative 
costs), the insulation of structures and apparatus, 
district heating, hot-water supply, local heating appli- 
ances, plans, specifications and tenders. This last 
section contains some valuable hints on the analysis 
of tenders, and points out how a low initial tender ma; 
eventually prove very expensive to the client. Heating 
and air conditioning have become complex and highly 
technical subjects, and schemes should be prepared by 
competent specialists, working in conjunction with the 
architect from the earliest sketch-plan stage. If the 
book does no more than emphasise this to members 
of the architectural a it will have served a 
useful purpose. Part IV deals mainly with the installa- 
tion of apparatus and the incidental builders’ work, 
and with the performance of the completed installation. 
The rather vexed question of guarantees, however, is 
not di More stress might have been placed on 
the necessity for strict supervision during installation, 
and for the employment of competent staff in opera- 
tion ; too often, intricate plants are to be found under 
the control of individuals with only the haziest notions 
of the basic principles involved. In any future edition, 
the book could be condensed and rearranged with 
advantage, but in its present form it will undoubtedly 
serve the purpose for which it has been written. 





Elementary Industrial Electronics. By W. R. WELLMAN. 
D. Van Nostrand Company, Incorporated, 250. 
Fourth-avenue, New York, 3, U.S.A. [Price 4 dols.] 
Macmillan and Company, Limited, St. Martin’s- 
street, London, W.C.2. [Price 22s. net.] 

Quortne the author, who is co-chairman of the Radio 

Department at George Westinghouse Vocational High 

School, in New. York City, the scope and method of 

presentation of this 370-page book are such that it 

will be “‘ of interest to the beginner rather than to the 
more advanced student or the engineer.” Like many 
other books of similar title, it first describes how 
alternating currents are generated by conductors in 
magnetic fields, and explains, with the aid of simple 
graphs and vector di , the effects of inductance 
and capacitance in alternating-current circuits. The 
book is purposely non-mathematical, and the expres- 
sions or formulz for inductive and capacitative reac- 
tance, though stated, are not worked out. Subsequent 
chapters outline the basic principles and properties 
of the more elementary form of vacuum and gas-filled 
tubes, and describe typical applications. Rectification, 
and the use of capacitors and reactors for smoothing, 
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phase-shifting circuits for controlling the operation of 
gas-filled, valves. Simple amplifying and oscillatory 
circuits, the principles of high-frequency — photo- 
electric cells, fluorescent lighting, and the electronic 
control of resistance welding and of electric motors and 
generators are also discussed, though no special reference 
is made to the cathode-ray oscillograph. Each chapter 
contains a short summary, together with a series of 
questions framed for the student, and a bibliography 
referring to other sources of published information ; 
most chapters also include instructions, helpful to the 
teacher as well as to the student, for carrying out repre- 
sentative laboratory experiments. An index is given, 
and there are over 230 figures, including some photo- 
graphic illustrations ; the diagrams are well — 
their individual parts being clearly labelled. The 
text is written in an easy homely style, and though 
elementary details are, perhaps, over elaborated, the 
explanations given will certainly help the reader to 
understand the physical processes involved in electronic 
phenomena vo their applications. The book will 
certainly be useful to students inning electronic 
studies, especially to those with little mathematical 
knowledge who may wish to specialise on the practical 
and servicing sides. 





Essential Metallurgy for Engineers. By Dr. ARCHIBALD 
Comiey Vivian. Third edition. Sir Isaac Pitman 
and Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 12s. 6d net.] 

ENGINEERS will find in this book much food for thought 

regarding the relation of metallurgy to engineering, and 

some stimulating criticism of commonly held views 
of the interpretation of the strength of materials, 
more especially, of the physical properties of steel. 

Chapter VIII, on the Mechanical Properties, will be 

of most interest to engineers, and, in particular, the 

exposé of the stress-strain diagram which Dr. Vivian 
gives. While showing an appreciation of the ee 
properties of metals that is much in advance of current 
thought, Dr. Vivian rather invites controversy by 
depreciating the value of the load-extension diagram in 
favour of his improved stress-extension shape or the 
real stress-strain shape. On the physical side, there 
will probably be general agreement that, in practice, 
the load-extension diagram up to the strain at maximum 
load is a more important diagram to an engineer than 

a real stress-strain shape, for an engineering structure 

has to loads ; and, since the engineer starts with 

the original cross-section of the member of a structure, 
he is likely to find it simpler to work with loads or 
nominal stress than with real stress and reduced cross- 
section, with all the extra computation which this 
ge of materials is the pith and kernel of the 

which comprises a concise s of the 
metallurgical properties of metals, of amorphous and 

ine structure, of the technique used by the 
metallurgist, of alloy steels, non-ferrous metals and 
alloys, and of heat-treatments. There is also a glossary 
of metallurgical terms. 


—_— 


Radio Laboratory Handbook. Fourth edition. By 
M. G. Scroaatz, B.Sc., M.I.E.E. Published for the 
Wireless World by Iliffe and Sons, Limited, Dorset 


House, Stamford-street, London, 8.E.1. (Price 
12s. 6d. net.) 
THE fourth edition of this 400- handbook con- 


tains minor amendments and additions, including a 
reference to the rationalised M.K.S. system of units, 
and some pho phic illustrations of testing equip- 
ment developed since its original publication in 1938. 
It is written in a clear and simple style, and lays 
emphasis upon the practical points and basic experi- 
ments encountered in laboratory work, and in the 
design and use of measuring apparatus such as bridges, 
valve-voltmeters, and cathode-ray oscillographs ; fre- 
quent reference is also made to sources from which 
more detailed information can be obtained. There are 
some 200 figures and an index is included. Though the 
book was initially p with the needs of the radio 
amateur or private investigator in mind, the informa- 
tion and advice given will be useful to all e in 
radio development work, especially to students or 
apprentices in the electronics industries. 





Snow P1LovGHs.—The London Midland Region of 
British Railways are introducing three new types of 
snow ploughs: a very small type which can be fitted 
under the buffer beam for use throughout the winter 
without affecting the normal working of the locomotive ; 
a@ large plough reaching to the top of the smokebox; 
and one of an intermediate size. Seventy-six 2-8-0, 
4-6-0 and 2-6-0 locomotives are being fitted with small 
ploughs for service on the Leeds-Carlisle line, where it 
crosses the Pennines ; and the two larger types are being 


TILBURY RADAR STATION. 


Tue London Midland Region of British Railways 
has recently established a shore-based radar station at 
Tilbury for the purpose of improving the ferry service 
between Tilbury and Gravesend during foggy weather. 
This service annually ferries about three million 
passengers and 150,000 vehicles across the River 
Thames which, at this point, is approximately half a 
mile wide, but the slowing down, and sometimes the 
complete interruption of the service due to fog has 
caused icular inconvenience to those who live on one 
side of the river and work on the other. Many of these 
are employed by the Port of London Authority and 
work in the Tilbury Docks. The radar station was 
installed at Tilbury (Riverside) Railway Station by 
Messrs. Cossor Radar Limited, Highbury, London, 
N.5. It is provided with Marconi radio-telephone 
equipment, for enabling the radar operator and the 
masters of the ferry steamers to communicate with 
each other, and has ranges of 0-8, 1-2, and 3 nautical 
miles ; the three scales allow the images of the ferries 
on the radar screen to be seen in relation to those of 
other vessels or objects which are within these 
distances of the station. 

The scanner assembly is mounted on a mast located 
at the side of the clock tower on the station roof, and 
the indicating unit containing the radar screen is 
housed in a ground-level control room adjoining the 
booking hall below. There is a cable run of 75 ft. 
between the indicating unit and the main rack; the 
latter, which is installed in the clock tower, incorporates 
the transmitter and receiver, together with the modu- 
lating oscillator, power pack, and the lock unit for 
generating the voltage pulses. Also housed in the 
main rack are the safety and the delay switches for 
ensuring that the various sections of the transmitter 
are switched on in their correct sequence; a small 
blower is provided for cooling the rack units. The 
radar equipment as a whole is operated from a single- 
phase circuit at 180 volts and 500 cycles per second ; 
this is obtained from a rotary converter which is fed 
with a 110-volt direct-current supply which is obtained 
from the normal 440/400 three-phase mains through a 
mercury-pool rectifier. The main generating equip- 
ment is situated on the roof of the booking office in the 
main hall, and, exclusive of the 1 kW needed for 
supplying the scanner heaters, consumes about 2-5 kW. 

The scanner assembly, including its direct-current 
driving motor, weighs about 250 lb.; the parabolic 
reflector is 6 ft. long, by 19 in. wide, and 13 in. deep, 
and, when in operation, rotates at about 32 r.p.m. and 
propagates a beam which is approximately + 1 deg. 
wide in the horizontal plane and + 15 deg. wide in 
the vertical plane. Immediately below the reflector 
and attached to the masthead, is the metal casing for 
supporting the driving motor and housing the reduction 
gearing and the Magslip unit, the latter being the device 
or ensuring that the time-base line on the radar 
screen rotates in synchronism with the scanner. The 
1-kW heaters for the scanner mechanisms and the 
associated components, are switched on automatically 
when the atmospheric temperature falls below freezing 
point. The transmitting equipment supplying the 
scanner works on a frequency band between 9,425 and 
9,525 megacycles per second, and sends out pulses of 
0-2 microsecond duration at a rate of 2,000 pulses per 
second, the output power being 30 kW; the band 
width of the receiver is 8 megacycles per second at 
3 decibels. ' 

The indicating unit in the control room is contained 
in the central section of a walnut cabinet (console), 
which supports a 9-in. diameter cathode-ray tube 
operating with a voltage of 8kV. The longitudinal axis 
of the tube is inclined at about 45 deg. to the vertical, 
so that the image on the cathode-ray screen can be 
viewed from a comfortable sitting position. Separation 
between two objects is shown on the screen provided 
they differ in bearing by more than 2 deg. or in range 
by more than 40 yards. The range change switches 
for altering the of the image are located alongside 
the tube, above which are the switches for the radio- 
telephone equipment, and a panel which frames an 
8 in. diameter marine timepiece flanked by dual- 
matched loud-speakers. On both sides of the central 
section are cupboards for auxiliary electrical equip- 
ment; a 8 desk holder is also provided for the 
tradio-telephone hand-set, the cable of which is concealed 
when not in use. The radar operators are normally 
recruited from the masters and mates of small —_ 
and they are therefore acquainted with the proble: 
and terminology of navigation. An improvement in 
the service is expected as the masters of the ferry 
steamers gain experience and confidence in the use of 
radar, and it is hoped to provide a fairly regular service 
in foggy weather in future. The radar station is to be 
maintained when fog descends, and the master of each 
ferry steamer will be advised by a detailed commen- 
tary from the radar operator, of his progress and 








are explained in some detail, as also are some basic 


constructed to fit class 4F 0-6-0 locomotives. 





position in relation to other river traffic, buoys, 
etc, 
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THE CONSTRUCTION OF 
ENERGY CHARTS FOR A 
DISSOCIATED GAS. 

By E. A. Bruass, B.Sc. 


In the following article, the writer endeavours to 
develop the basic theory necessary for the construc- 
tion of a simple chart for a single gas and shows the 
extension of the theory to a mixture of gases. The 
thermodynamic functions are reckoned from the 
absolute zero of temperature and are taken from 
Tables of Properties of Gases*, prepared by Dr. E. W. 
Geyer and the author. 

Estimation of the theoretical performance of an 
internal-combustion engine, or, indeed, of any 
thermal process in which high temperatures occur, 
is incomplete without consideration of dissociation. 
Two of the earliest workers in this field were Tizard 
and Pye,t but work has also been done by Good- 
enough and Felbeck,t Hershey, Eberhardt and 
Hottel,§ and by David and Leahj| among others. 
None of the contributions mentioned develops the 


fundamental principles upon which the calculations 
[Fig. 1. 








. s 
(may aaa all aaa aie 
of the state changes of a dissociated gas, or mixture 
of such gases, depend, and it is the writer’s intention 
to formulate the necessary equations in this article. 
The fullest account known to the writer of the 
physico-chemical changes occurring in a gas mixture 
is given by Schiile,{ but this book, apart from the 
language difficulty, is not accessible to many. 
Unfortunately, owing to the use of specific heats 
and equilibrium constants based upon authorities 
of as long ago as 1900, the results obtained by 
Schiile are out of date and require to be revised. 

In order not to confuse the issue by considering 
the general case of a mixture of gases, it is proposed 
to deal first with a particular case, namely, with 
one pound molecule, or mol, of carbon dioxide. 
There is no disadvantage in doing this. At suffi- 
ciently high temperatures (>3,000 deg. F. abs.) 
CO, ceases to exist as a single gas but begins to 
dissociate into two component gases CO and O, 
according to the reversible chemical equation 
CO + 40, 2 CO,, or it may be stated that it is 
only when the temperature is above 3,000 deg. F. 
abs. that the dissociation of CO, has any appre- 
ciable effect. If 2 mol is the degree of dissociation, 





* Longmans, Green and Company, Limited, London 
(1948). 

+t Tizard, H. T., and Pye, D. R., “ The Character of 
Various Fuels for Internal-Combustion Engines,” <Avuto- 
mobile Engineer, February, 1921, page 55; March, 1921, 
page 98; April, 1921, page 134. 

+ Goodenough, G. A., and Felbeck, G. T., “An 
Investigation of the Maximum Temperatures and Pres- 
sures attainable in the Combustion of Gaseous and Liquid 
Fuels,” University of Illinois, Bulletin No. 139, Engineer- 
ing Experiment Station (March, 1924). 

§ Hershey, R. L., Eberhardt, J. E., and Hottel, H: C., 
“Thermodynamic Properties of the Working Fluid in 
Internal Combustion Engines,” S.4.E. Journal (Trans- 
actions), vol. 39, page 409 (1936). 

|| David, W. T., and Leah, A. S., “‘ Fuel Economy in 
Petrol Engines,” Proceedings of the Institution of Mechani- 
cal Engineers, vol. 143, page 289 (1940). 

7 Schule, W., Technische Thermodynamik, Springer, 
Berlin (1923). 











then the dissociated mixture under equilibrium 
conditions will consist of (l1—z) mol of CO,, 
z mol of CO, and 0-5a mol of O,. In this case, the 
value of z will lie between 0 and 1, corresponding 
to the undissociated and completely dissociated 
states, and z can have only that value which satisfies 
the condition of equilibrium at the pressure and 
temperature of the dissociated mixture. Its value 
is derived from the equation of equilibrium 

POO 
K, = antl » Where Poo Poo and Po, ate 
the partial pressures of the CO,, CO, and 0,, 
respectively. The partial pressures can be expressed 
in terms of x and P, the total pressure measured in 
atmospheres, and the equation of equilibrium 
becomes 


(1) 





1- 1+0-52\t 
Ky x + *\ ; 


2 (0-52) P 
A full account of these steps will be found in Tables 
of Properties of Gases, above referred to. For any 
given values of pressure and temperature, equa- 
tion (1) determines the value of z, but a thermal 
equation remains to be established so that heat 
quantities may be calculated. 
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The First Law of Thermodynamics may be 
expressed symbolically in terms of the following 
equation, 

dQ = dE + dw 

where, for an elementary change, 

dQ = the heat supplied to the system, 

dE =the increase in the internal energy of the 

system, 


(2) 


and 

a@W = the work done by the system. 
On application to a gas equation (2) becomes, for a 
change at constant pressure. 


Pdv 


dQ al (3) 


Equation (3), in its present form, suffices only to 
take into account physical changes, but it is easily 
modified to take irto account chemical changes as 
well. Consider one mol of CO, in the dissociated 
state at pressure P and temperature T, the degree 
of dissociation being z. Heating at constant pres- 
sure will increase the temperature and the degree 
of dissociation. If these increases are for an elemen- 
tary change dT and dz, respectively, equation (3) 
may now be written as 


P dv 
QE + — + Hy dz ° 


(4) 
where 
dQ = the heat supplied to the system, 
dE = the change in the internal energy of the system, 
and 
Hy dz = the heat required to effect the dissociation of 
dz mol of CO;, Hy, the heat of reaction at 
constant pressure at T, being considered con- 
stant for the change. 
Equations (1) and (4) form the basis of all calcula- 
tions involving a dissociated gas, in this case CO . 
The most important changes of state occurring are 
those at constant , volume or entropy, 
but those at constant temperature and with constant 


Considering first the state change at constant 
pressure, and referring to Fig. 1. Let one mol 
of CO, be heated at constant pressure, P, from initial 
conditions (P, V,, T,) to final conditions (P, V;, T,). 
The degree of dissociation initially may be taken as 
zero and may be neglected until such a temperature 
that z = 0-001. The degree of dissociation finally 
may be taken as z,. The values of x corresponding 
to any temperature T can be found from equation 
(1) substituting the known value of P in atmospheres 
and using a table of K, values. The values of z 
so obtained give, in effect, the gas mixture at those 
values of T used to determine z, and so it is possible 
to calculate the total entropy for a series of points. 
The total entropy at any temperature T and 
pressure P where the degree of dissociation is 2 is 
given by 

8 = (1 — Z) Sco, + z Sco + 0°52So, 


1+0-52 1 +0- 


R { 52 
~ — x) loge — - loge —— 
+3" x) loge re + x log. 


0-52) R 
«be a + 0°52) — loge P 


° ° - (5) 
where So9,, Soo and S,, are the total entropies at one 
atmosphere, reckoned from absolute zero, of one mol 
of CO,, CO and O,, respectively, and the remaining 
terms take account of the entropy of “ mixing,” 
the last term accounting for the effect of pressure. 
The difference in entropy between any two points 
is found by applying equation (5) to the two points 
and taking the difference between the two values 
for S so obtained. It is to be noted that the last 
term in each case will be the same if the degree of 
dissociation is constant or the same. 

The heat added between points 1 and 2 is 
found by integration of equation (4), which may be 
simplified for a change at constant pressure tc read 
dQ = dH + H,dz, where H, the total heat, is 
defined as E+ PV. On integration 


= 
Q =H, - H, + 
a=0 


where 
H, = the total heat of the dissociated mixture 
= {a — 2) Hoos + z Hoo +0-52 Ho,)r, 


1+ 
0-52 





+ 0°57 loge 


Hy dx (6) 


and 
H, = the total heat of the CO, initially 


= [Hoo,]1- 

Equation (6) represents the area beneath the curve 
in Fig. 1, the last term being particularly important 
as it takes account of the thermal changes due to 
chemical reaction. A good approximation to the 
value of Q can be obtained by assuming the heat of 
reaction, H,, to be constant over the range T, to 
T,, a8 indeed it is nearly, in many cases. Now 
H, = AE, + H,,. + 0-5 Hy, — Hoo, at any tem- 
perature T, where A E, = the heat of reaction at 
absolute zero, and hence regrouping equation (6) 
and substituting from above 


2 
Q = [Hoog]r, —[Hoog]r; —72 AEo +%, Hp, + Hp dz 
#1 


= [Hoo,}r, —[Hooglr; —%2 AEo +2, Hp, 
9 


+ (AEo +Hoo +0 “5 Ho, —Hoo,) dz 
1 


. 


= [Hoog]r, —[Hoog]z, +2 Hp, 


2 
+ [ (Hoo +0°5 Ho, —Heo,) dz 
J1 
(7) 
since AE, is constant and z, = 0. 
If H, is assumed constant, Hoo + 0-5H,, = Hoos 
and the integral vanishes leaving 
Q = [Hoo,)r, — [Hooglr, + %2 Hp, - (8) 
Equation (8) may be used for close approximations, 
but equation (6) gives the exact value of Q. The 
integral is most easily evaluated graphically using 
tables of H, for different temperatures and plotting 
a graph of H, to a base of x This method is 
preferable to expressing H, as a function of z, 
since no simple algebraic relationship exists between 
the two. 
Consider now the state change at constant volume, 
with reference to Fig. 2. Let one mol of CO, 
be heated at constant volume V, from initial condi- 





degree of dissociation will be considered as well. 


tions (P,, V, T,) to final conditions (P,, V, T,), the 

















JAN. 28, 19409, 








































































































74 ENGINEERING. 
ENERGY CHARTS FOR A _ DISSOCIATED GAS. 
Fig. 3. 
6000 A ¥ J x » 7, ‘e 
/ 
FAN ees +) 
/ \ e, 
“000 i J 
5000 e 
‘ G , 2s 
7 AN " e.! 4 i 
; i , SHAN —_ 
F INZAN Fie PL 
= 4000 ; * ; Gl ‘ 7 ¢ ze " 
. f m7, ‘ 4 C —_—_—_}—____ | 
x» A ’ r) On? } i a | 
8 / , Py ; i> | 
2 3000 oe 7 7 20d, ‘a + 
4 / ‘ / ‘ U | P-) 
5 iM Li LE Tp | 3 
> / y, /'9 fi / A a 
Po 2000 nf Sy fs he f - 
4 C4 / /y vA E 
f sf of ty of . t 
oY, “4 4 Oy ley r , 
y 7 ¢ 4 
Lf 41. A 
o 
#1 1-2 3 1-4 5 6 id 18 9 20 21 22 23 
(945:.c) Ertropy...B.Th.U. per Lb.xDeg. F. 


degree of dissociation being taken initially as zero 
and finally as z, The values of z for different 
temperatures along the curve are obtained from 
equation (1) which can be modified to suit constant- 
volume conditions. Applying the characteristic 


equation to the initial conditions P, V = <T, and 
rv = m=T at any point (P, V, T), where m is 
the total number of mols in the dissociated mixture, 
it is seen that (= 7) = (=) and substi- 








P P,T 
tuting in equation (1) 
- + 
ee 1 -. T, ) (9) 
z (0-5 z) iT 


x being the degree of dissociation at any tempera- 
ture T, 

The entropy at any point is given by equation 
(5), care being taken to insert the appropriate value 
of P at each point, and the difference of entropy is 
obtained as previously described. 

The heat added between the points (1) and (2) 
is found by integration of equation (4),which gives 

t= 
a= -2+| Hy dz 


z=0 


(10) 


where 
E, = the total internal energy of the dissociated mix- 
ture. Finally E, 
= [(1 — 2) Eco, + Eco + 0-5 2Eo,)e, 
and 
E, = the internal energy of the CO, initially 
= [Ecog]r, 
Equation (10) represents the area beneath the 
curve in Fig. 2 and it is important to observe that 
the value of the integral in equation (10) is not the 
same as the value of the integral in equation (6). 
This is because the relationship between H, and z 
is not the same in each case, though at first sight 
they appear to be the same here. Equation (10) 
may be reduced to a simpler form if H, is taken 
as constant. 


Hy = H, + } = where Hyis the heat of reaction 
J at constant volume 


RT 
Hy = Eco +0-5Eo, + AEo — Eco, de 
since 
Hy = Eco +0°5 Eo, + AE» - Eco, at any 
; temperature T. 
Regrouping and substituting as in the previous 
case, 
Q = [Ecoghts —[Ecog]r; +22 [Eco +9°5 En, —Eco,) 


or 
Q = [Ecog]r, —[Ecog]}r; 
+2 [Eco +05 Eo, 
+A Eo-Eco,hy, 


{ #0 +05 Eo, 


‘| 
-1 
RT 
~Eeo, +=} dz (11) 


(94 


If H, is assumed constant, then 


0 
Ua 
o) 


Hoo + 0'5 Ho, = Heo, 


integral vanishes. 
further and gives 


obtained in the previous case. 
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be set up, viz. :— 


1+0-52, 





R 
+ JT [a - 2) loge = a 


1+0-52, 


0-52, 1 
+ 1 10Be 05% 


Q = [Ecog]r3 ie [Ecog]r; + 2 Hp,- ° 
This approximate equation is similar to that already 


—— + @s loge 





(12 


S, = [1 — 2) Sco, + 21 Seo + 0-5 2y Sog)e, 


ba | 








RT 
+ {oo +0-5 Bo, +AEo-Eo, +4 =~ | de 
1 . 


Generally, the initial conditions co 
the point 1 will be known so that equation (13) 
gives-S, = constant,, equation (15). merely. giving. 





or 
RT RT RT 

Eco + —" +0°5 Eo, + zs = Eco, + — 

since 
RT 
H=E+-——; 
° J 

‘ RT 

that is E,o + 0-5E,, — Exo, = — 4 . e and the 


Equation (11) reduces still 


) 


For the state change at constant entropy, con- 
sider one mol of CO, initially at (P,, V,, T,) with 
degree of dissociation x, to be compressed or 
expanded isentropically to final conditions x,, P,, 
The total entropy at the two points is 
equal and the conditions of equilibrium are also 
satisfied so that the following four equations may 


1+0-52, 


R 
|- (1 + 0-52,) “j loee Pi 


(13) 
S, = [(1 — 2g) Sco, + Zz Sco + 0°5 2g Sogle, 

R 1+0°5 0- 
+= [a otblgpwerreet + ayhey et 
J 1—2, Zs 

1 + 0-52, R 
0- quasinmmend = . = 
+ 0°5 2 loge 52, ] (1 +0 5 %q) 5 loge Py 
> (14) 
K, at T, = 1-Z s(" + 2-521)! (1s) 
2, (0-5 23) P, 
Kp at T, = 1-2z, i(* a (16) 
_ (0°5 25) P, 
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|the condition of equilibrium. Either the final 
volume or the final pressure will be known leaving 
x, and T,, which are found by solving equations 
(14) and (16). 

With the notation developed above, it is seen 
that the state change at constant temperature gives 
8; —-S3, = (2 —Z,) (Sco +0°5 So, —Sco,) 

R 1+0-52, 1+0°52, 
+ J [a —Z_) loge - 1-2, ry log Zs 
: 1+0-52, 1+0-52, 
+0°5 2, loge - 0-52, (1 +2,) loge 1-2, 


140-52 140-52 


R 
+(140-524) ~ loge P,—(1—0-52,) 7 owe P, 

: » (17) 
and that the heat supplied or rejected between 
points 1 and 2 is 

T (S, — 8,). 
The state change with constant degree of dis- 
sociation gives 
Sy — 8; = (1 — 2) [Scoghz? + 2 [S00]; 
T, R Py 
+ 0-52 [Soglst + (1 + 0-52) — loge P, (18) 


The heat supplied or rejected between points | 
and 2 is 
2 
Q = [Kl — 2) Ego, + Eco + 0-52 Eo,)y? + | Pav, 
: et m+ a 
and since z is constant | H, dz = 0. 


Making use of the equations obtained in the 
previous section, it is a simple matter to construct 
a temperature-entropy chart for CO,. The chart 
shown in Fig. 3 is for one pound of CO, and it will 
be seen that five constant-pressure curves, shown by 
full lines, and five constant-volume curves, shown by 
broken lines, run from the bottom left-hand corner 
to the top right-hand corner of the grid. The lines 
cutting across in the other direction are curves of 
constant degree of dissociation. A series of pressures 





ranging from 0-01 to 100 atmospheres and a series 
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of values of 2 ranging from 0-001 to 0-7 were chosen. 
For any value of P substitution of each value of x 
jn turn in equation (1) gives the value of the right- 
hand side, and, by referring to a table of equili- 
brium constants, the value of T can be found 
which satisfies the values of z and P assumed. Thus 


TaBLE I. 





P = one atmosphere 








z T. 8 
0-001 2892 1-611 
0-005 8269 1-654 
0-01 8465 1-677 
0-02 8688 1-705 
0-04 3044 1-741 
0-06 4112 1-769 
0-1 4352 1-813 
0-15 4570 1-859 
0-2 4747 1-900 
0-8 5036 1-975 
0-4 5290 2-043 
0-5 5535 2-106 
0-6 5798 2-108 
0-7 6009 2-229 











T is in deg. abs. and ¢ in B.Th.U. per Ib. x deg. F. 


a relationship between z and T is obtained for each 
value of P, Table I gives this relationship for P 
equal to one atmosphere as well as the total entropy 
at each point. At 4,570 deg. F. abs., the value of z 
is 0-15, and so the equilibrium mixture consists of 
0:15 mol of CO, 0-85 mol of CO,, and 0-075 mol 
of O,. The calculation of the entropy at this point, 
using equation (5), assumes the form given in 





























Table II. As all the gaseous properties used in 
TABLE II. 
~- ~~ 
im |_R 

m | 8. | ms — 10819 et eed 
— 7 ‘ 
CO | 0-180 | 64-002 | 9-600 | 7-167 lo-ssssz | 0-587 
CO2 | 0-850 | 77-458 |65-889 | 1-2647 |0-10199 | 0-397 
O2 | 0-075 | 66-421 | 4-982 |14-3330 |1-04139 | 0-397 











\ 
1-075 |= (ms) = 80-421 


this article are for one pound mol, the total entropy 
at 4,570 deg. F. abs. is 81-802 B.Th.U. per pound 
mol x deg. F., or dividing by 44, since the chart 
is for one pound of CO,, the total entropy is 1-381 
B.Th.U. per‘spound x deg. F. Similarly, the total 
entropies at all the points along the curve are 
found, and these values are given in Table I. 
Repetition of this procedure for different pressures 
enables a series of curves to be drawn. 

The construction of lines of constant volume 
involves the choice of some datum line. In this 
case it was decided to adopt 400 deg. F. abs. as the 
temperature datum. Table III gives the initial 
conditions of pressure and temperature for the 
five volumes chosen. 


R im 
2 (m 5 610 —) = 1-881 











TABLE III. 








file : 


88558 








T is in deg. abs., © in cubic ft., and P in atmospheres. 


Substituting corresponding values of T, and P, 
from Table III in equation (9) yields an equation 
in and T which may be rewritten as log K, +-} log T 
= log f (x). The right-hand side of this equation 
may be evaluated for a series of values of 2 and the 
corresponding value of T found from a graph of 
log K, + }log T to a base of T. Table I shows 
(for v taken as 100 cub. ft.) the values of T and s 
corresponding to each value of z, the values of s 
being determined as already described. The con- 
struction of those parts of the curves lying in the 
undissociated region requires no description. 

From Fig. 3 the effect of pressure on dissociation 
is readily seen, the higher the pressure the less the 
amount of dissociation. The chart shows that the 
shape of the curves varies, whereas for an undis- 
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sociated gas a set of similar curves have the same 
shape. However, in the form of a temperature- 
entropy diagram, Fig. 3 cannot represent heat 
quantities readily, but by applying the expressions 
given by equations (6) and (10) an energy chart 
can be drawn which is analogous to the total heat- 
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and that at all points the mixture is in thermo- 
dynamic equilibrium. If these five conditions are 
adhered to rigidly, any chart will have very little 
use as it will be possible to represent only one cycle 
on it. This difficulty may be overcome without 
appreciable error by assuming a mean value for the 



























































TABLE Iv. 
| | | r |, B.Th.vU B.Tb.U 
Z. 1 z Heo 42 Ho. (-az2e H H ds | -Th.U. Th. 
. ’ ay D Pe a %, ib. mo. | % tb 
| | 

0-001 2,892 22 1l 33,206 120,354 121 33,450 760-2 

0-005 8,269 127 66 38,507 119,876 601 | 39,301 893-2 

0-01 3,465 270 140 41,109 119,657 1,200 42,719 970-9 
0-02 3,688 578 300 43,860 119,327 2,395 | 47,133 1,071 
0-04 8,944 1,246 646 46,555 118,970 4,778 53,225 1,210 
0-06 4,112 1,957 1,016 47,902 118,760 7,155 58,030 1,319 
0-1 4,352 3,473 1,804 49,049 118,435 11,899 | 66,225 1,505 
0-15 4,570 5,497 2,857 49,065 118,137 17,813 | 75,232 1,710 
0-2 4,747 7,642 8,975 48,282 117,894 23,714 83,613 1,900 
0-3 5,036 12,230 6,369 45,270 117,495 35,484 99,353 2,258 
0-4 5,290 17,209 8,973 41,087 117,141 47,216 114,485 2,602 
0-5 6,535 22,601 11,799 36,078 116,802 58,913 | 129,391 2,941 
0-6 5,798 28,526 14,915 30,446 116,445 70,575 144,462 3,283 
0-7 6,099 35,162 18,419 24,199 116,040 82,199 159,979 3,626 

TABLE V 
z T. | z Eco 42zEo,g |(1 —2) Eco, | H | H dz B.Th.U B.Th.U 
| | i Je Pp | ~vlb. mol o «lb 
{ | 

0-001 2,841 16 9 | 26,973 120,417 121 27,119 615-5 

0-005 3,216 92 48 31,393 119,944 602 32,135 730-3 

0-01 8,412 198 104 33,640 119,690 1,201 35,143 798-7 

0-02 3,632 424 223 35,991 119,401 2,396 | 39,034 887-1 
0-04 3,891 918 482 38,388 119,057 4,781 44,569 1,013 
0-06 4,062 1,447 760 39,625 118,827 7,160 | 48,902 1,113 
0-1 4,306 2,577 1,355 40,738 118,498 11,907 | 56,577 1,286 
0-15 4,534 4,008 2,156 40,955 118,186 17,824 | 65,033 1,478 
0-2! 4,718 5,716 3,010 40,438 117,934 | 23,728 =| 72,892 1,657 
0:3 5,028 9,212 4,860 38,193 117,506 | 35,498 87,763 1,995 
0-4 5,304 13,044 6,892 34,889 117,121 | 47,227 | 102,052 2,319 
0-5 | 5,574 17,237 | 9,123 30,834 116,749 58,915 | 116,109 2,639 
0-6 | 866 21,807 | 11,615 26,194 116,353 70,571 | 130,277 2,961 

















im} a —_ 
m |entropy charts used for steam and certain gases. 


The equations (6) and (10) give expressions for Q 
which correspond to H and E for an undissociated 
gas mixture. In the dissociated region the areas 
beneath the curves do not represent changes in total 
heat nor in internal energy and the writer has decided 
to represent these heat quantities by Q, and Q,, 
where Q, and Q, are the heat quantities represented 
by the areas beneath the constant-pressure and 
constant-volume curves respectively. 

Table IV shows, in tabular form, the calculations 
necessary with P taken as one atmosphere to evaluate 


Q, and the value of | H,dz which is obtained 


graphically. Table V gives the value of Q, when 
v is taken as 100 cub. ft. The curves of constant 
volume are easily drawn by plotting Q, to a base 
of entropy using the previously determined values 
of the entropy, but the temperature lines and lines 
of constant Q,, value have to be interpolated making 
use of Fig. 3 as far as possible. The final chart, Fig. 4, 
opposite, shows the effects of dissociation more 
clearly, and at the same timeshows more variables. 
The vertical scale may be taken as Q, or Q, depend- 
ing on the purpose for which the chart is constructed 
and it is more convenient to make the vertical 
scale that function which is more frequently in 


use. 

The type of chart developed above and shown 
for a single gas in Fig. 4 may be applied to the 
determination of the ideal cycle in an internal- 
combustion engine. Before doing this, however, it 
is necessary to consider the limitations of such a 
chart and those additional factors which will affect 
its use. Firstly, one chart serves for one air-fuel, 
ratio only, as it is practically impossible to indicate 
the effect of different air-fuel ratios on a single 
chart. Secondly, if it is considered that dissociation 
should be taken into account, distinction must be 
made between the pre- and post-combustion 
mixtures, and in this case a separate chart for the 
pre-combustion mixture must be drawn. Thirdly 
the pre-combustion mixture is affected by the gases 
left in the cylinder after exhaust has taken place. 
The analysis and amount of the residual gases must 
be determined if the chart for the mixture is to 
take account of them. Fourthly, the mass of the 
residual gases is affected by variation in compression 
ratio, and so, strictly speaking, any one chart will 
be correct for one compression ratio only. Fifthly, 





it is assumed that the gases obey the gas laws, 





mass of the residual gases, with the result that the 
only limitation placed upon the use of the chart 
is the fuel-air ratio. 


(To be continued.) 
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Fundamentals of Soil Mechanics. By PRroressor D. W. 
TayLor. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 6.0 dols.] ; 
and Chapman and Hall, Limited, 37, Essex-street, 
London, W.C.2. [Price 36s. net.] 

TEXT-BOOKS on soil mechanics are few in number, 

although the general literature is extensive; it is 

therefore welcome to have a new book on the 
subject which is not merely a re-hash of other work, 
but an authoritative statement written by an 
acknowledged expert. Professor Taylor is best 
known in this country, perhaps, for his paper, pub- 
lished in 1937, on “‘ Stability of Slopes ” (Jl. Boston 

Soc. C.E., July, 1937), which shows how the factor 

of safety of a homogeneous earth slope may be 

determined without carrying out a complete stability 
analysis, but by the use of a set of ingenious curves. 

It is not surprising, therefore, that this subject is 

dealt with in considerable detail in his new book. 

The chapter on stability of slopes is followed, 

naturally, by one on lateral pressures and stability 

of retaining walls. Here the author derives the 

Rankine formule by the use of Mohr circles, which 

leads to a clear understanding of the relationship 

between the active and passive Rankine states. 

Coulomb’s theory is also presented and the validity 

of the various assumptions made is examined in the 

light of present-day knowledge. Another subject 
to which Professor Taylor has devoted attention in 
recent years has been the shearing strength of 
soils. _ Unfortunately, the results of this work have 
not been available in this country, although extracts 
were published in the U.S. Corps of Engineers 

Progress Report on Triaxial Shear Research, of 

April, 1947, which was reviewed on page 460 of 

our previous volume. In the present work, this 

subject is given special prominence. These chapters 
do not make easy reading, but he has tackled.a 
difficult subject in a comprehensive way. Mention 
is made of the pore-water pressure measurements 
in shear tests which were carried out by the author ; 
perhaps when more is known about the changes in 
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pore-water pressure which occur during shear, the 
subject may become less complex. 

Other aspects of soil mechanics which are rigor- 
ously treated are seepage through soils and the allied 
subject of consolidation. The author supplements 
Professor de’s paper on “‘ Seepage Through 
Dams” (Jl. New England Water Works Assoc., 
June, 1937), with very complete instructions on the 
principle of sketching flow-nets, the mathematical 
theory of one dimensional consolidation being 
given in entirety ; chapters like this are reminders 
to the reader that the title contains the word 
“fundamentals.” These are primarily intended for 
graduate research workers and advanced students, 
and as such are most thoroughly presented ; but 
the work can be used as an undergraduate text-book 
by passing over the more difficult chapters. 

In the chapter on sub-surface investigations, 
mention is made of the new piston samplers designed 
by Dr. M. J. Hvorslev which probably provide 
the best means known at the present time of obtain- 
ing relatively undisturbed samples of sensitive 
clays. These samplers have been little used in this 
country up to the present time. It is possible, 
however, that the immediate shear strength of such 
clays may be measured in future in the field by the 
use of a rotating vane such as that described by 
Mr. L. Carlson in a paper to the recent International 
Conference on Soil Mechanics; we referred to this 
paper on page 268 of our 166th volume (1948) in 
reporting the proceedings at the Conference. The 
final two chapters are of a practical nature and deal 
with bearing capacity and pile foundations, quoting 
Building Code specifications. At the end of each 
chapter there are a number of test problems which 
are useful for students, but no solutions to these 
are given. The book is well indexed, and a compre- 
hensive list of references is given at the end. 





Standard Design of Reinforced Concrete Road Bridges. 
By L. E. HUNTER, M.3c. (Eng.), A.M.I.C.E. Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 25s. net.] 

Tuus collection of tables and diagrams is presented as 
a contribution to the rapid design of reinforced- 
concrete road bridges. As is pointed out in the 
foreword by Mr. Robert S. Murt, M.1.C.E., County 
Surveyor of Staffordshire, coming years will bring 
large of reconstruction and of new 
construction ; it is the author’s aim to facilitate 
the design work involved by giving complete design 
information in such a form that it can be largely 
read from tables or curves and applied to standard- 
ised types of bridge. Chapter I deals with arches 
having earth-filled spandrels. Given the principal 
dimensions of the arch, the rib dimensions and steel 
reinforcement can be read off directly from tables 
and curves for spans from 20 to 96 ft., and for rise/ 
span ratios from 0-14 to 0-30. The arch profile is 
assumed to be segmental and the increase of rib 
thickness from crown to springings is assumed to be 
parabolic. The next chapter presents tables and 
curves for solid slab bridges of spans up to 30 ft., 
the reinforcement being either rods or rolled-steel 
joists ; tables are included for the design of abut- 
ments, footings, and parapet beams. In the longest 
chapter, the design of beam-and-slab bridges of 
spans between 27 and 57 ft. is facilitated by tabular 
and diagrammatic information referring separately 
to road beams, footpath parapet beams, footpath 
kerb beams, and road parapet beams. Pre-cast 
beam-and-slab bridges in spans from 20 to 33 ft., 
and box culverts of square or rectangular form with 
clear spans from 4 to 10 ft., form the subjects of 
later chapters. 

Outside the scope of the title of the book, but 
included for completeness, is a chapter on steel- 
girder bridges designed on the basis of a pre-cast 
concrete slab carried on compound joists or plate- 
web girders. Two final chapters present formule 
for rigid-frame bridges and miscellaneous tables. 
Numerical cases are given to explain the use of the 
tables and curves. Within the limits which the 
author sets himself, this should be a useful book, 
but greater care in proof correction and editing and 
in typographical arrangement would have paid 
handsome dividends, while some of the graphs are 
not entirely free from ambiguity. 
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IV.—Tue Macutne-Toor Inpustry. 


As part of the general programme for increasing 
exports, the machine-tool industry was set the task 
of exporting 60 per cent. of its output in 1948. The 
wisdom of this policy has been questioned by indus- 
try in general and by the machine-tool industry in 
particular. It has often been pointed out that 
machine tools are the most fundamental means of 
production ; indeed, it has been claimed that 
“, . . the structure of civilised society stands upon 
the machine tool.” This is a pardonable exaggera- 
tion, for, over a wide range of products, Britain’s 
ability to compete in world markets depends on the 
adequacy of the machine tools at the disposal of 
British manufacturers. The sum total of major 
machine tools in use in British industry has been 
estimated at approximately 750,000 to 850,000. 
In 1947, 28,819 were delivered to the home market 
by British manufacturers and a further 2,138 were 
imported. This is a rate of replacement of only 
4 percent. perannum. Before the war the average 
age of machine-tool equipment was about 20 years 
and, although it is true that the large number of new 
tools installed during the war years must have 
lowered the average age considerably, a rate of re- 
placement of one in 25 years must inexorably 
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taken by the older machines with which British 
industry must content itself. Replacement with 
surplus stocks of second-hand machines, 150,000 of 
which were earmarked for disposal during 1148, 
can only be a stop-gap measure and does nothing 
to keep the British engineering industries abreast 
of modern developments. 

Mr. W. J. Morgan, secretary of the Machine Tool 
Trades Association, has estimated that the annual 
value of machine tools needed for home industry 
(including replacements) should not be less than 
301. millions. As residuary legatee of the 60 per 
cent. export target set by Sir Stafford Cripps, no 
more than 101. millions at the 1947 rate of produc. 
tion would be left to home industry. Apart from 
the inadequacy of this replacement rate, there 
would be a further loss to industry through the 
inability of machine-tool makers to maintain their 
customary sales staffs, who have commonly supplied 
free advisory service to their customers and, in fact, 
have acted as production engineers. 

During 1948, supplies to the home market have 
been larger than was expected ; calculated on the 
basis of the performance in the first eight months 
of 1948 (Table I), the output for the year has been 
close on 29]. millions and the actual output will 
probably exceed 301. millions, as compared with 
25-51. millions in 1947. Ex-works deliveries for 
export, however, have fallen from the 40-9 per cent. 





achieved in 1947 to 37-5 per cent. in the first eight 


TABLE I.—DELIVERIES EX-WORKS OF BRITISH-BUILT MACHINE TOOLS (MONTHLY AVERAGES). 















































1 
Units. Value (£1,000), 
read Total, Export | Tatal, Export 
Home. Export. =z Per cent. Home. Export. | = Per cent. 
1941 .. | — | — 6,744 ot - 2,587 
1942 .. — — 7,982 - | - 2,795 
1943 . — | — 6,350 — 2,609 - 
1944 . - _— 4,927 —_ | — — 2,147 -—- 
1945 . _— } — 3,957 _— — -- 1,728 - 
1946 . 2,742 1,014 3,756 27 1,068 601 1,669 36 
1947 2,402 1,332 3,734 31 1,257 870 2,127 41 
1947—January 2,686 1,308 3,994 1,148 796 1,939 
February 1,707 1,102 2,809 35 772 662 1,434 42 
March 2,531 1,295 3,826 1,272 812 2,084 
oy co 2,522 1,329 3,851 1,160 832 1,992 
7 3. 2,241 1,272 3,513 34 1,135 869 2,004 41 
June 2,705 1,276 3,981 1,418 854 2,272 
July .. 2,398 1,312 3,710 1,290 796 2,086 
August 2,070 1,111 3,181 35 1,159 703 1,862 39 
September 2,650 1,434 4,084 1,372 982 2,354 
October 3,029 1,461 4,490 1,539 1,000 2,539 
November 2,088 1,555 3,643 38 1,397 1,025 2,422 42 
mber 2,192 1,533 3,725 1,431 1,107 2,538 
1948—January 2,386 1,391 3,777 1,359 948 2,307 
February 2,164 1,187 3,351 36 1,428 814 2,242 40 
h 2,506 1,380 3,886 1,501 1,079 2,580 
April . 2,766 1,338 4,104 1,837 8 2,693 
Fis 2,279 1,227 3,506 33 1,388 890 2,278 35 
June 2,522 1,119 3,641 1,623 891 2,514 
July .. 2,190 1,318 3,508 36 1,512 916 2,428 37 
August 1,976 1,071 3,047 1,361 774 2,135 














involve a return to the pre-war levels. This, at a 
time when mounting costs, raw material and labour 
shortages seriously hamper production, and economic 
survival depends on using “‘ more brain ” and better 
technique, might well prove disastrous. 

Mr. G. R. Strauss, the Minister of Supply, stated 
at the opening of the Machine-Tool Exhibition in 
August, that he could not accept the argument that, 
by sending machine tools abroad, and so re-equip- 
ping the industries of other countries, Britain was 
enabling them the better to compete with British 
industry in general, He expressed the view that 
“If we are to prosper, other countries must prosper 
too, and prosperity can be achieved nowhere without 
a measure of industrial productivity. Deliberately 
to prevent other countries achieving industrial 
prosperity by refusing to sell them the machine tools 
they need would not only be wholly ineffective in 
that others would eventually provide the machine 
tools we held back, but would be contrary to our 
basic policy of maximising the flow of world trade 
between all countries.” This argument does not 
dispose of the contention of increasing obsolescence 
in British industry and may even be regarded as 
adroit sidestepping of the main issue. Mr. Strauss’s 
concern for a higher level of world trade discounts 
the very real threat that is offered to the British 
competitive position by exporting machine tools. 
The tools at present being developed and sent 
abroad are often capable of the most intricate 





machining operations in a fraction of the time 


months of 1948. This, of course, understates the 
volume of exports, and does not mean that 12. mil- 
lions of machine tools became available to British 
industry from January to August, 1948. Machine 
tools which subsequently find their way overseas 
through the hands of British merchants are included 
in the total of home deliveries. On the other hand, 
the export figures given in the Trade and Navigation 
Accounts (Table II, opposite), overstate the position, 
since they include minor-cost tools. From these 
figures, it appears that exports in 1948 will not 
greatly exceed 51,000 tons, as compared with 54,000 
tons in 1947. In value, exports in 1948 will probably 
exceed those of 1947 by 500,000/., but against this 
must be set a rise in price of about 10 per cent. In 
November, exports, at 1-3/. millions, were substan- 
tially less than the official target rate of 1-71. millions 
per month at the prices ruling at the end of 1948. 

That exports have not come up to the official 
target may perhaps be accounted as gain rather than 
loss, for it has meant that home industry has 
benefited from the larger share of the increased 
output of machine tools. This advantage, however, 
is comparatively small and, in any case, has been 
largely offset by the decline in imports of machine 
tools, which, in 1948, are not likely to exceed 
11,500 tons, as compared with 14,467 tons in 1947 
(Table III, opposite). 

What are the difficulties besetting the export 
programme ? There is little indication of a dis- 





appearance of the seller’s market. Table IV 
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shows @ steady expansion in orders on hand for 
export. Chairmen’s speeches during the year 
emphasise that there is a ready market abroad for 
the products of the machine-tool industry ; never- 
theless, sales have been held up by widespread 
dislocation in world trade. The industry itself can do 
something to mitigate this by establishing branches 
overseas to sell, service and assemble its products, 
and various manufacturers are proposing to take 
this course of action in 1949. The Government, too, 


TABLE II.—United Kingdom: Exports of Machine 
Tools by Classes. 


























—_ 1938. | 1946. | 1947. | 1948.* 
Weight, tons. 
milis .. ie 1,673 | 2,000 | 3,296 | 2,345 
Drilling machines 2,532 | 3,880 | 4,729 | 4,086 
Grinding machines .792 | 2,697 | 4,562 | 3,874 
Lathes = wd .-| 6,727 | 10,513 | 18,655 | 9,751 
Milling machines is .-| 1,798 | 3,258 | 4,386 | 3,101 
Planing and shaping machines | 3,535 | 2,367 | 3,288 | 2,712 
,» punching and shear- 
ing machines ee --| 1,470 | 2,286 | 5,446 | 6,014 
Power saws... - Sn 253 818 902 65. 
All other sorts, including re- 
conditioned machines and 
parts ee > 3,342 | 7,620 | 14,190 | 14,305 
Total we ve 24,122 | 35,439 | 54,454 | 47,241 
Value (£1,000). 
Boring mills .. ois oi 235 541 843 782 
Drilling machines “p a 444 993 | 1,815 | 1,237 
Grinding machines .. ..| 786 874 | 1,545 | 1,386 
Lathes .. * = --| 1,441 | 3,184 | 4,531 | 3,824 
Milling machines as im 424 | 1,173 | 1,528 | 1,299 
Planing and shaping machines 420 497 752 722 
. punching and shear- 
ing machines se 7 146 397 | 1,047 1,496 
Power saws... se ad 33 177 226 220 
All other sorts, including re- 
conditioned machines and 
parts bie mm - 594 | 1,792 | 3,116 | 3,284 
Total 4,473 | 9,578 | 14,898 | 14,250 








* January to November. 
TABLE III.—United Kingdom: Imports of Machine 








Tools. 
Value 
_ Tons. (£1,000). 
ORR TNR ph 4,969 
ao ee, ee 3,167 
oR ee 4640 
1948, January to November 10,569 4,553 








may be able to assist, but, in the present economic | Beig: 


plight of the world, it is too much to hope that these 
difficulties cam be effectually surmounted. For the 
longer term, Mr. Strauss has warned against com- 
placency, stressing that, some day, the industry will 
have to face serious competition. This is best 
appreciated from an examination of the production 
potential of the machine-tool industry in the United 
States. 

In 1942, United States production reached its 
peak with a value of 1,320 million dols. Since the 
war, however, as a result of the sale by the Govern- 
ment of vast quantities of war surplus machines at 
comparatively low prices, the industry has been 
working well below capacity, and deliveries of new 
tools by the factories in each of the years 1946 and 
1947 amounted to only 300 million dols. In 1946, 
exports were valued at 150 million dols., although 
some part of this total represented the sale of war 
surplus machines. In 1947, as a result of the 
increasing dollar shortage, exports amounted to 
only 60 million dols. The machine-tool industry 
in the United States is thus able to cope not only 
with domestic demand, but also with any orders 
which may come from overseas. 

The chief customer of the United States in the 
post-war period has been Russia. In 1946, 37-3 
million dols., or nearly a quarter of the total exports, 
went to that country; but, as part of the policy 
of banning the shipment of any goods which would 
add to the military potential of Russia, the United 
States ceased delivery of many types of tools in the 
middle of 1948. British manufacturers may thus 
find themselves in competition with American manu- 
facturers forced to seek new markets. Moreover, 
the Russian market has also been closed to British 
manufacturers, for Mr. Paul Hoffman has ruled 
that the 16 Marshall Plan countries shall not export 
to Russia or “‘ satellite ” countries any commodities 
which the United States is not willing to send. 
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The rumour that an order for 48 million dols. had} permanently. At the same time, it must be remem- 
been received by Messrs. Craven Brothers (Man-| bered that Germany concentrated on the manufac- 
chester) in September was quickly investigated by | ture of the simpler and less expensive types of tool, 
the Organisation for European Economic Co-opera-| and these are more readily manufactured at lower 
tion and was found to be without foundation. The| cost by mass-production methods in the United 
world dollar shortage will react to the advantage of | States. Only the dollar shortage at present excludes 
British manufacturers, but it is precisely in those | American manufacturers from these markets. 
markets of maximum importance to Britain, the| Perhaps the most encouraging feature of the 
hard-currency countries, that the United States | export trade in 1948, as compared with 1947, was 
will be able to compete on favourable terms. There | the progress made in the hard-currency markets of 
Canada and Argentina (Tabie V). As has been 
TABLE IV.—Orders Outstanding for “* Major-Cost ” pointed out already, the total value of exports has 
Machine Tools. been no more than maintained. Sales to the 
j Dominion markets have tended to be better than 
Date. No. 21,000). No (£1,000). those to foreign countries. India and Pakistan 
‘ ; (considered as a single market) remain the largest 
‘ customer, followed by Australia and South Africa. 
December 28,269 19,399 | 23,295 15,485 | Declining exports to Western E countries, 
bale with the exception of Belgium and Switzerland, 
Jammexy 28,643 20,197 28,047 15,478 where the industry has to face stiff internal com- 
February 29,980 20,977 23,282 ieee petition, are to be attributed rather to dislocations 
dat] BAS | Hae | ifs | ists | market.  Stering, during 1948, tended to booome 
“an? ,748 ‘ 18, . market. rling, during , ten to me 
yay. Pe 50750 sir | 18478 15'300 scarcer and harder, and this resulted in curtailments 
sat 30,386 21,986 19,428 ye of import licences for sterling goods in such coun- 
— Seas os? | isz70 | 16329 | tties as Sweden and the Netherlands, which suffered 
November 25,974 21,774 17,538 16, some deterioration in their economic affairs during 
December 26,060 22/521 16,601 15,825 | 1948 
1948— Of the categories listed in the trade returns, the 
J 1 15,825 : ; a 
al 3500 $5002 is27i 13'364 | Oly one to show an increase in number, weight and 
March 8,088 23,064 16,468 15,506 value was that of presses, punching and shearing 
-.. 35°56 23'577 | 16433 | 16275 | machines. There has been a general decline in the 
June va 24,594 | 23,182 16,824 17,186 tonnage of exports and this has been more marked 
‘August 3a'148 inl 17272 18327 | than the fall in value, a movement which cannot 
_ | be accounted for wholly by the rise in prices. The 
TABLE V.—UnITrep KInapoM: EXPORTS OF MACHINE TOOLS BY COUNTRIES. 
| 1938. | 1947. 1948.* 
Destination. 
| Weight, Value Weight, Value Weight, Value 
Tons. (£1,000). Tons. (£1,000). Tons. (£1,000). 
South Africa 1,754 293 4017 | 1,087 3,737 1,135 
British Indiat 1,561 | 260 10,251 | 2,467 7,379 2,208 
Australia Ca I ae 398 4,830 1,305 4,654 1,482 
ila ar tl aa 257 43 1,107 357 821 305 
De Ve, i Te al (82)t (53) (342) (121) 560 183 
Other British Countries se) se) )_etsheti 4,443 1,349 3,584 1,218 
U.S.8.B. Bette ee. as) eee 1,710 1,162 | 207 255 61 
Sweden . 2,561 758 1,616 506 
Denmark 140 87 1,171 368 53 232 
Netherlands 272 68 4,577 1,280 2,713 882 
um .. 195 38 1,872 565 1,379 381 
ts 893 243 4,539 | 1,278 364 1,002 
Switzerland 129 87 1,118 326 826 248 
RSECE ibe a Soe mig 12 8 1,165 | 3807 481 208 
Turkey .. é2 - be ea hy 59 7 167 496 130 
ntine ee tee er ee (161) (30) (751) | (299) 2,338 694 
Other Foreign Countries ee = 2 4,195 963 11, 3,127 12,385 3,390 
Total 24,122 | 4,473 54,454 | 14,898 47,241 14,250 
* January to November. 
+ India and Pakistan in 1943. 
D4 in brackets are for the first eleven months ; the twelve-month figures for the countries concerned are included in the 


total for “ other countries.” 


is some prospect, too, that United States manu- 
facturers of machine tools will supply considerable 
quantities of machine tools to Western Europe 
under the recovery programme. They had hoped, 
in fact, to supply them to the total of 150 million 
dols. during the first year and, although it is im- 
probable that they will supply this amount, United 
States machine tools are likely to figure largely on 
European buying lists during the next few years. 
While United States competition is thus likely 
to become increasingly keen, Britain will have little 
to fear from German manufacturers for some time to 
come. Although it seems that the policy of the 
occupying nations will permit an eventual revival 
of the German industry, there is a grave shortage of 
skilled In any case, it will be necessary 
for Western Germany to import many of the basic 
machines necessary for the manufacture of machine 
tools, as well as quantities of manufacturing machine 
tools from the United States and Britain. Some of 
the chief present markets for British machine tools 
were formerly supplied mainly with German pro- 
ducts—among these may be mentioned the South 
African and Scuth American markets—and, in 
many of the others, German manufacturers were 
firmly established. It now appears unlikely, how- 
ever, that Germany will ever attain her former com- 
petitive position and there is a fair prospect that 








British manufacturers may hold these markets 


number of separate items exported shows a marked 
increase. The number of drilling machines ex- 
ported up to November, 1948, was 9,113, as 
compared with 8,516 from January to November, 
1947 ; the number of grinding, lapping and honing 
machines was 9,525, against 7,761; and of power 
saws 1,456, as compared with 1,278. In each case, 
the figures for weight, as given in Table II, indicate 
a substantial decline as compared with 1947, in 
contrast with the increase in the number of machines. 


Since, moreover, the decline in value has been less 


than proportionate, it would appear that British 
manufacturers have been exporting a higher pro- 
portion of smaller but rather more complicated 


tools of higher value. In the lathe group, it is 
interesting to note that the number of automatic 
lathes exported increased from 894 in 1947 to 1,001 
in the period January to November, 1948, while the 
number of capstan and turret lathes declined from 
4,748 to 2,674. If this deduction is correct, it 
indicates an anticipation by British mani 

of the type of product which it will be necessary to 
produce in the long run if the industry is to maintain 
itself in the highly competitive markets of the world. 
They may be illustrated by an examination of the 
principal hard-currency market, that of the United 
States. Conditions, there by reason of internal 
competition and the high 15 per cent. ad valorem 
duty, are perhaps less favourable than in any other 
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possible market, but they indicate the sort of effort 
that will be required in other competitive markets. 

According -to a survey made recently by the 
Board of Trade Export Promotion Department, 
dealers in the United States are likely to purchase 
only such British-made tools as embody valuable 
features not found in similar American equipment. 
The design and quality of the British products were 
often the subject of favourable comment in America, 
but, at the same time, the machines did not appear 
to differ materially from similar American equip- 
ment. While, moreover, f.o.b. prices were com- 
parable, the landed cost of the British machines 
appeared to be substantially higher. 

Apart from quality and cost of product, there were 
other disadvantages, perhaps the most important 
being that British goods were too little known. 
The long delivery dates, and doubts about the 
ability to receive adequate after-sales service and 
spare parts, were the other principal hindrances. 
The need for maintaining facilities for servicing and 
for making spare parts immediately available is an 
important point which applies with equal force to 
all machine-tool markets, for the existence or other- 
wise of such services may be the determining factor 
when orders for new equipment are placed. It is 
gratifying to note, however, that British manu- 
facturers have been taking steps to ensure that 
overseas markets will not be lost on this account. 
So far as the cost of the product is concerned, 
Britain must inevitably compete at a disadvantage 
in the case of those types which are suitable for 
mass-production methods. A good deal can be 
done to reduce costs by the development of con- 
tinuous line production, but even when costs are at 
a minimum the British manufacturer competing in 
the United States will have to rely on the quality 
and special advantages of his product. 

The Machine-tool Exhibition, which opened in 
August, performed a valuable service in bringing 
British products to the attention of overseas buyers, 
but the service rendered to home industry was no 
less important. No such exhibition had been held 
since 1934 and, in the light of the much-advertised 
need to increase efficiency and productivity, it was 
most important that home manufacturers should 
be kept abreast of the new developments in machine 
tools. Even if the greater part of the most modern 
equipment was being sent overseas, it was important 
that they should realise the competitive strength of 
their overseas rivals. In its primary object, as 
far as it is possible to judge, the exhibition was 
extremely successful. Other countries, particularly 
the United States and Switzerland, had been invited 
to put their best products on show, and about a 
quarter of the exhibition space was occupied by 
products manufactured abroad. The British pro- 
ducts compared very well with these, and also 
received favourable comment from American 
visitors, who were in a position to make comparisons 
with the Chicago exhibition in September, 1947. 
A leading exhibitor is quoted as saying, ‘‘ We have 
had a good spate of firm orders, more than we 
normally expect from an exhibition. There has 
been a good sprinkling of home orders and a heavy 
list of inquiries for quotations from overseas. 
Business has been excellent with Argentina and 
Brazil, and also with Poland, Scandinavia, Holland, 
and, of course, the Dominions.” 

Without enlarging on the merits of individual 
machines, it may be said that the accent of the 
exhibition was on greater’ precision, more cen- 
tralised control, and greater standardisation. The 
aim of greater precision was achieved, not only 
directly by improved mechanism, but also indirectly 
by attention to design and colour. There was a 
general tendency towards “clean ” design and the 
enclosing of gears and working parts. Several 
machines were fitted with electronic control (al- 
though controls of this type were less common in 
London than at Chicago), which, again, promotes 
precision and, theoretically at least, peimits infi- 
nitely-variable speeds. Hydraulic control systems 
were also common and are likely to become rapidly 
popular, since they reduce the operator’s fatigue. 
Developments in the centralisation of controls often 
provide for remote control, and make it possible for 
@ machinist to perform every operation without 


steps to increase standardisation by providing units 
which are interchangeable on various types of their 
machines. These are all features likely to commend 
themselves to foreign buyers. 

The production side of the machine-tool industry 
presented fewer problems in 1948 than in 1947. 
The increase in output in 1948 was the result of 
improvements in supplies of iron castings, steel, 
electric motors and bearings. These have not been 
adequate by any means, but some further improve- 
ment may be expected in 1949. Output is still 
below the datum line for economic and efficient 
production fixed by the Machine Tool Trades 
Association, of 23/. millions at 1945 prices, or one- 
third of the 1943 level. Since 1945, prices have 
advanced by approximately 47 per cent., so that 
the datum line at end-1948 prices is in the region of 
341, millions, compared with an actual output of 
about 301. millions. It is, perhaps, not too optimis- 
tic to expect that, during 1949, the “‘ datum line ” 
level of output will be achieved. 

The results of the partial Census of Production 
for the machine-tool (metal-working) trade for 
1946 have become available during the course of the 
year and are given in Table VI, herewith. The 


TABLE VI.—Machine-Tools (Metal Working) : 
General Summary of Census of Production (£1,000). 











—— | 1935. | 1937. | 1946. 
Value of production (gross output) 8,867 14,152 | 29,821 
Materials, fuel and electricity used 2,864 4,780 | 11,489 
Amount paid for work given out . .| 49 141 601 
Net output .. 5,954 9,231 | 17,731 





Average number of persons em- 
ed 22,367 | 28,454 


42,684 
266 | 324 415 


joy’ ip “e oa oe 
Net output per person employed .. 





firms covered are those engaged wholly or mainly 
in the manufacture of metal-working machine tools 
and engineers’ tools for use with machine tools. 
The figures for output are thus not restricted to 
units of over 501. in value, and so are not directly 
comparable with those given elsewhere. To make 
a valid comparison of net output in 1937 and 1946, 
it is first necessary to allow for a 55 per cent. increase 
in price over the period ; revaluing the 1937 output 
on this basis, it becomes 14,308,0001. While aggre- 
gate net output had thus increased in 1946 as com- 
pared with 1937, net output per person employed, 
on the same revaluation, shows a considerable 
decline, from 502. in 1937 to 4151. in 1946. 

In 1946, however, shortages seriously hampered 
production and productivity was unduly low. A 
comparison of the monthly rate of production 
achieved in 1948 with that of 1946, on the basis of 
figures given in the Monthly Digest of Statistics, 
suggests an increase in output per person employed 
of 25 per cent. Productivity in 1948 would appear, 
therefore, to be rather higher than in 1946 and, with 
the prospect of better supplies of steel and com- 
ponents, may be substantially higher in 1949. 
Aggregate numbers employed have shown some 
improvement in 1948 as compared with 1947. In 
July, 1948, the labour force of firms employing more 
than 11 persons in the metal-working machine-tool 
industry was 39,600, as compared with 36,500 a year 
earlier. This, however, disguises very real shortages 
in the skilled grades. In the foundries, labour has 
been very scarce indeed. Deficiencies of this sort 
cannot quickly be made good. Moreover, since no 
further increase in the total labour force is to be 
expected in 1949, serious attention must be given 
by the industry to making the best use of available 
manpower and to increasing productivity, lest bottle- 
necks in labour should make a higher level of pro- 
duction impossible. 

For 1949, the outlook in the industry is good. 
Increased supplies of steel and components should 
make for higher output and this, in turn, should 
mean higher productivity and lower costs. How- 
ever much the low allocation of machine tools to 
home industry may be deplored, the machine-tool 
industry should find a ready sale for its products in 
world markets. The industry, by perfecting its 
selling arrangements, and the Government, by 
negotiation of bilateral trade pacts, can do, and have 
done, much to counteract the dislocations in world 
trade. Looking farther ahead, moreover, there are 
signs that the industry is taking steps to secure its 





shifting his position. Various firms have taken 








LIGHT-WEIGHT ROLLING STOCK 
FOR LONDON TRANSPORT. 


As noted briefly under ‘“‘ Contracts,” on 58, 
ante, the London Transport Executive have p au 
order for 90 light-weight motor-driven coaches for 
their surface lines, with the Metropolitan-Camme!! 
Carriage and Wagon Company, Limited, Saltley, 
Birmingham, who will collaborate with Imperial 
Chemical Industries, Limited, Metals Division, Witton, 
Birmingham. Delivery of the coaches is expected 
to commence in about two years’ time, when they will 
be put into service on the District Line. The cost 
will be about 1,250,000/. The coaches will be to the 
same general design as existing vehicles, and will 
appear, superficially, to be identical. Their structures, 
however, will be made of aluminium-alloy sheets and 
sections, although the bogies and wheels will continue 
to be made of steel. It is believed that this is the firs: 
large production order for aluminium-alloy railway 
carriages to be placed in this country. Two complete 
eight-coach trains will be formed and operated so as 
to aga performance data. The remaining coaches 
will be operated in service, interchangeably with 
existing steel coaches, to provide experience of the 
relative maintenance costs of the two types. The 
order was placed after a careful investigation into the 
relative merits of mild steel, high-tensile aluminium 
alloys and rustless steel for the bodies of coaches 
used in intensive urban electric services. The methods 
current in Switzerland, New South Wales and the 
United States, where light-alloy rolling stock is in use, 
were studied. As a result, it was decided to adopt 
aluminium-magnesi ilicon heat-treated alloy. It is 
estimated that the saving in weight will be about 
3-1 tons for a coach having the same structural rigidity 
as the existing steel vehicles. Instead of nearly 60 tons 
of steel in an eight-coach train, there will be about half 
the weight of aluminium alloy. Corrosion and fatigue 
were considered, but it is expected that a life at least 
equal to that of steel coaches will be achieved. 

As with existing steel coaches, the new vehicles wil! 
be designed so that the skin and frame share the load. 
The use of shapes extruded in aluminium alloy which 
are not practicable in rolled steel will facilitate the 
improved disposition of the metal. The resistance of 
the alloy to abnormal buffing stresses has been tested 
by experiments which show that, when used in a 
similar manner to mild steel, it will absorb a greater 
shock than steel within the elastic range. The saving 
in weight will be of particular importance on trains 
which stop and start at frequent intervals. The total 
energy consumption at the train is very nearly propor- 
tional to the mass, and averages about 80 watt-hours 
per ton-mile. The control equipment of the coaches 
will be arranged so that the operation of the contactors 
produces the same rates of acceleration as for steel 
coaches. The balancing speed, i.e., the speed at 
which, on a given track, the resistance of the train 
is balanced by the power of the motors, will also be 
the same. The electric motors and equipment will 
be to the usual standards, and, as already noted, the 
bogies will be in steel, at least for the present order 
and pending further development work. 

The short-term value in the saving of current is 
calculated on the basis of the marginal cost of current 
at the train, i.e. the “ fuel and water ” cost of genera- 
tion and distribution. Even on this basis it is expected 
that the extra capital cost will be more than offset 
by the saving in current costs, assuming, as is antici- 

ted, that the life and maintenance costs are the same 
or alloy coaches as for steel coaches. From a long- 
term point of view, the lighter form of construction 
should enable savings to be made in generating and 
distributing plant capacity. The saving would then 
be calculated on the total cost of current and should be 
substantial. It is the policy of the Executive to replace 
the older rolling stock, consisting of a mixture of motor 
and trailing coaches, by trains in which every vehicle 
is driven, every other axle on the train, or one on each 
bogie, being driven by an independent motor. By 
offsetting the bogie centre tow the driving axle a 
corresponding increase in the weight available for 
adhesion will be achieved. This arrangement permits 
greater acceleration and an increase in the frequency 
of trains. It reduces the total current consumption, 
but increases the maximum demand for current. The 
future policy of the Executive in regard to the use of 
aluminium alloy will depend partly on the experience 
gained with the new coaches and partly on the relative 
prices of steel and aluminium. 











LECTURES ON POLAROGRAPHY.—A course of six lec- 
tures on the “‘ Theory and Practical Applications of 
Polarography ” will be given by Mr. J. V. Westwood 
from 6 to 8 p.m., on Fridays, commencing on February 
25, at the Sir John Cass Technical Institute, Jewry-street, 


by exhibits and demonstrations. The fee for the course 





position in the competitive world markets. 


is 158. 


Aldgate, London, E.C.3. The lectures will be illustrated . 
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STANDARDISATION IN THE 
BRITISH AIRCRAFT INDUSTRY. 


Mocs has been heard recently regarding standardisa- 
tion in industry. Not long a, Oe example, it was 
announced that certain motor-car manufacturers are 
taking steps to accelerate the use of common accessories 
and components on their models, while at a recent 
conference of representatives of the textile industry, 
it was agreed to take action regarding the standardisa- 
tion of certain components of textile machinery. It is 
not generally known, however, that a considerable 
degree of standardisation has existed in the British 
aircraft industry for a considerable time, and, at the 
present, covers a wide selection of common parts. 
The project was initiated by the Society of British 
Aircraft Constructors in 1938, as it was realised that 
the time spent on design would be reduced and produc- 
tion assisted if manufacturers made use of the maximum 
number of standard parts. The Society appreciated 
at the outset the need for support from the industry 
and, although the use of S.B.A.C. standard is 
required by the Ministry of Supply in the aircraft 


they purchase, and representatives of the Ministry | i 


serve on the committees responsible for introducing the 
standards, the industry has complete freedom in 
deciding the items to be standardised and the form the 
standard items will take. Furthermore, no design is 
included in the standard range unless it has the full 
support of all interested members. 

This procedure is not adopted universally; for 
example, in the United States the main standardisation 
authority adopts the reverse procedure of publishing 
a standard design produced by only a few technicians 
and it is left for experience to show whether the part 
becomes established and is used by American aircraft 
constructors generally. If, after a period of time, 
inquiry shows that a particular standard part has not 
proved popular, it is withdrawn, while those which have 
been adopted are retained as standard. It should be 
borne in mind, however, that the United Kingdom is 
in a favourable position to pursue its standardisation 
programme as it is possible to call together designers 
without undue loss of time whereas, in America, 
frequent meetings are impracticable. The Society have 
taken advantage of this fact and, since 1939, has held 
monthly meetings to which all aircraft-designing com- 
panies send representatives, similar meetings being 
arranged when matters concerning aero engines, pro- 
pellers, hydraulics, etc., are to be discussed. 
member, in turn, accepts responsibility for developing 
to the project stage a new standard, which subsequently 
is circulated for study to the members of the com- 
mittee. The preliminary design is then discussed at 
subsequent meetings until agreement is reached on a 
version of the standard acceptable to all concerned. 
This procedure has been employed for some five to 
six thousand parts and in almost every case the Society 
have been able-to arrange for the manufacture of the 
parts, while the standards handbooks, in which the 
drawings are published, give the suppliers and delivery 
times for prototype and production requirements. 
The standard designs range from small parts such as 
rivets and washers up to more complicated components 
like pilot’s seats, seat-raising gear, rudder bars, etc. 

The main standards handbook contains manufactur- 
ing drawings for all standard parts, but the growth in 
their numbers has made it necessary to issue more 
compact reference data. As a consequence, the Society 
have produced a volume in its drawing-office handbook 
series which gives the essential information only. A 
standard drawing-office system also has been evolved. 
This has the advantage of removing the problems 
encountered in the past by sub-contractors and 
authorities who work to drawings prepared by different 
aircraft constructors ; furthermore, it has assisted the 
interchange of draughtsmen in the industry. This 
work was followed by the establishment of what was 
considered the most suitable form of full-scale layout 
reproduction, or lofting, to meet the needs of* the 
aircraft designer. After all existing methods had been 
reviewed, the Society issued a complete statement to 
the industry and designed, and production of, 
the fundamental equipment required for the establish- 
ment of an aircraft lofting department. 

The issuing of specifications for materials is, of course, 
the responsibility of the British Standards Institution. 
Nevertheless, the Society have undertaken much 
preliminary investigation by their own materials com- 
mittees so that proposals before the British Standards 
Institution can said to be acceptable to both the 
manufacturers and users of the materials concerned. 
In this connection it should be pointed out that the 
Society work in close conjunction with the Institution 
and are represented on approximately 200 panels. In 
the case ~ s plastic materials, it was found that there 
was a tendency for these to be called for by proprietary 
names, a practice which caused difficulties in buyi 
offices as they had no authority for purchasing alter- 
natives. To. overcome this ‘itieulty, the Society 
reviewed all available materials of this nature and 





grouped them, on a basis of mechanical properties, 
into separate categories, each of which was given an 
appropriate reference number. Aircraft drawing offices 
now call for plastic materials by the reference number, 
thereby extending the sources of supply for these 
materials. The Society also purchase moulding dies 
for the production of standard in plastic materials, 
members being free to purchase bulk supplies of the 
parts as soon as the products are approved. The 
price includes a small c towards the cost of the 
dies and the income derived therefrom is held against 
the purchase of future tools of this nature. 

Another project which should be mentioned is the 
Society’s standard wiring system. This comprises a 
comprehensive range of electrical components based 
on the unit principle, which can be built up into a 
wiring system to suit any icular requirement. 
The system also introduced a method of crimping 
end fittings to aircraft cables which has su 
the earlier practice of soldering. A further important 
scheme was the issue by the Society of drawings for | e 
propeller hubs and shafts which control all manufacture 
of such items in the United Kingdom. The standards 
in this range already provide for contra-rotating pro- 
pellers in all sizes to meet the horse-powers of engines 
in existence and envisaged for the future. 

The work of the Society, however, has not been 
confined to the standardisation of component parts, as 
in recent years the members have built up a degree of 
co-operation and exchange of ideas among themselves 
possibly unequalled in any other industry. A good 
example is furnished by the standing committee on 

roduction technique who visit the various manu- 
fact acturing concerns and subsequently issue their findings. 
More recently, the Society introduced a standard 
method of estimating propeller performance. It was 
found that discrepancies existed in the estimation 
quotations produced by different aircraft companies 
and that these discrepancies were caused largely by 
the adoption of different fundamental assumptions. 
Many data were analysed before the standard was 
published and, in addition to its value as such, it is 
accepted as being more accurate than previous methods. 
The standard has been adopted by all British firms and 
it should go far in removing anomalies in performance 
quotations. 

The foregoing gives but a brief survey of the stan- 
dardisation activities of the Society of British Aircraft 
Constructors. It will be seen, however, that endea- 


h | vours have been made, and are being made, to stan- 


dardise techniques in addition to actual components. 
The standards handbooks are circulated all over 
the world and, in addition to the Dominions, have been 
sent to such countries as Holland, Sweden, Norwa 
and the United States. Standardisation in the aircr 
industry, however, has its own particular problems 
and care has to be exercised in deciding which items 
are suitable and which must be left alone if the 
designers are not to be restricted unduly. Acceptance 
by all members is the sine qua non of any standard 
before it is published by the Society. 





THE BRITISH ASSOCIATION MEETING AT NEWCASTLE- 
ON-TYNE.—Young engineers engaged in industry are 
invited to submit original papers of general interest 
to be read before the Engineering Section of the British 
Association at the meeting to be held in Newcastle-on- 
Tyne in September next. Papers should not exceed 
2,500 words in length, or take more than 30 minutes 
to read. A précis of about 100-120 words should be 
sent to the Recorder of the Engineering Section, Dr. H. 8. 
Rowell, New-road, Ware, Hertfordshire, before March 31. 





THE LATE Mr. W. H. PURNELL.—We note with regret 
the death on January 18 of Mr. Walter Henry Purnell, 
chairman of Herbert Morris, Limited, makers of lifting 
and conveying machinery, Loughborough. He was born 
at Trowbridge, Wiltshire, on September 21, 1869, and 
was educated in his native town. He received his engin- 
eering training in the works of Thos. Thomas and Sons, 
makers of lifting machinery, Cardiff, from 1883 to 1890. 
After spending a further twelve months superintending 
the erection of lifts and elevators, he was made manager, 
although only 22 years of age. In 1893, he took up 
the post of assistant manager to the Wexford Engin- 
eering Company, Limited, agricultural engineers, Wex- 
ford, Ireland, and remained with them for six years, 
during the course of which he was appointed works 
manager. Mr. Purnell joined Herbert Morris, Limited, 
in 1899 as works manager and, two years later, was made 
general manager. In 1908, he was elected a director and, 
in 1920, became vice-chairman of the company. In 
June, 1931, he was appointed chairman in succession 
to the late Mr. Herbert Morris, and continued to carry 
the responsibility of this position until his death. Mr. 
Purnell was a Justice of the Peace for the County of 
Leicestershire and a Governor of Loughborough College. 
He was elected an ciate member of the Institution 
of Mechanical Engineers in 1908 and transferred to 
membership in 1912. 








X-RAY EXAMINATION OF CAST 
TURBINE BLADES. 


Tue X-ray examination of all cast blades for the 
stators of gas-turbine engines has now been established 
as a standard procedure within their own department 
by the Production Inspection Division of Messrs. 
Armstrong Siddeley Motors, Limited, Coventry. For 
this purpose a small X-ray laboratory was specially 
built, and has, so far, been equipped with two industrial 
type X-ray testing sets, one of which is a Siemens- 
Schuckert 220-kV model, and the other a Philips 
150-kV unit, which has been employed for metallurgical 
work within the organisation since 1941. This new 
laboratory has been in operation since October, 1948, 
and was set up primarily tor blade inspection ; it is also 
to be used for the examination of new types or designs 
of casting, or for inspecting work submitted by the 


led | development and research sections. Before its facilties 


were available, the radiological examination of aero- 
engine castings or of turbine blades was usually under- 
taken by authorities whose X-ray laboratories and 
inspection methods had been approved or laid down 
by the Aeronautical Inspection Department of the 
Ministry of Supply, a practice which had evolved 
during the early years of the war. The X-ray inspec- 
tion of individual stator blades is not required, officially, 
but it reduces the risk of any subsequent engine failure. 

The X-ray laboratory of Messrs. Armstrong Siddeley 
Motors, Limited, has been built at the corner of a 
larger building. It comprises a test room about 
25 ft. square for housing the two X-ray sets, a smaller 

control room, and a photographic processing or examina- 
tion room. The brick walls of the test room are hollow, 
and, in preference to being lead lined for protective 
purposes, are lined with barium sulphate compound 
consisting of two parts of barium sulphate to two parts 
of sand and one part of cement. There is a small 
inspection window consisting of two } in. thick lead- 
glass plates between the control room and the test room. 
Interlocking sw.tches ensure that the sets cannot be 
switched on unless the communicating door is closed, 
and also prevent both of them from being switched on 
together. The ney og exposure times for 
individual blades vary from about one or two minutes, 
depending mainly u a blade shape, size and compo- 
sition. Because of the tungsten and chromium 
content of most blade materials the exposure times are 
relatively long compared with those which would be 
needed by normal steel specimens. Some com- 
promise in the exposure times is also necessary since 
the aerofoil section of a blade produces, as in other 
types of X-ray photograph, a negative of uneven 
density. In general, however, the X-ray inspection 
aims at determining the porosity in the blade itself 
rather than in the blade root where the effects of 
porosity are unlikely to be so serious. Only one X-ray 
photograph is taken of each blade which, as a type, 
has been approved for production purposes. New 
designs or sizes of blade and special jobs are each 
photographed from at least three different angles ; 
this is usually carried out by placing the blade or 
job beneath the X-ray tube, and turning it over into 
a fresh position for each exposure. 

The results of the radiological examinations are 
logged, and blades which appear defective or not up 
to standard are rejected. Reports are issued to the 
foundry or casting shops or to other departments 
which may be involved, and steps taken to find the 
causes of and the remedies for any defects revealed by 
the X-ray inspection. With the existing laboratory 
facilities, some 750 blades a day can be examined on 
production runs, and apprentices and others from the 
Production Inspection Department may be given an 
opportunity of helping in this work. 

The 220-kV industrial X-ray set installed by 
Messrs. Siemens Schuckert (Great Britain), Limited, 
Brentford, Middlesex, has a shielded tube, rated at 
15 milliamperes, which is cooled by oil circulated by a 
small electrically-driven pump. This tube can be 
rotated about its longitudinal axis, and the tube-head 
turned into any convenient position; the head is 
raised or lowered on its vertical stand by moter- 
operated control gear. The high-voltage for the 
tube is generated by a Villard type of voltag e-doubli 
circuit ; in this an oil-immersed transformer is 
with gas-filled rectifying valves to charge different 
capacitors alternately, and the output voltage from 
these is added to the transformer voltage to supply 
the tube with pulsating direct-current. X-ray photo- 
graphs can be taken through steel 4 in. thick. The 
unit supplied by Messrs. Philips Metalix, Century 
House, Shaftesbury-avenue, London, W.C.2, is a 
Macro industrial set operating at 150 kY, with a 
water-cooled tube, rated at 20 milliamperes ; the tube 
angle is also adjustable, but the ton is raised or 
lowered by hand-operated gear. yey = 
can be taken through steel 2 in. Pema e unit also 
incorporates a Villard circuit, though in this case 
the main compenents are housed together in a single 
welded-steel tank. 
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TWIN-SCREW PASSENGER LINER 
** CARONIA.”’ 


As briefly recorded on page 15, ante, the new passen- 
ger liner Caronia left on her maiden voyage to New 
York on Tuesday, January 4. The Caronia, a photo- 
graph of which is reproduced in Fig. 1, on this page, 
was built at the Clydebank yard of Messrs. John 
Brown and Company, Limited, for the Cunard White 
Star Line, and is the largest liner to be built in the 
world since the recent war. The vessel has been 
designed both for use on the North Atlantic service 
and for tropical cruising; as a consequence, the hull 
and superstructure are painted in four shades of green, 
a distinct departure from the Cunard Line’s traditional 
colouring but one that should help to provide a cool 
ship for tropical cruising. Furthermore, in order to 
keep the temperature below decks as low as possible, 
the interior of the hull has been sprayed with limpet 
asbestos, a process that should prove equally effective 
in keeping the vessel warm during winter crossings of the 
Atlantic. Two classes of passengers, namely, first and 
cabin class, will be carried when the vessel is on the 
North Atlantic service, and one class when she is 


cruising. 
Cunard ships have long been noted for their attractive 
lines and, as will be seen from the illustration, the 
Caronia is no exception, the curved well-raked stem 
and cruiser stern, together with the single funnel and 
tripod mast, giving the vessel a handsome appearance. 
There are ten decks : designated from above, the sports, 
sun, promenade, main, “ A,” restaurant, “ B,”’ “C,” 
“D” and “E” decks. The “A,” restaurant and 
“B” decks are continuous fore and aft, while “CC” 
and “D” decks extend forward and aft from the 
machinery spaces. The vessel has thirteen public 
rooms and two restaurants. The principal public 
rooms are situated on the promenade deck, the curved 
ure under the bridge enclosing the observa- 

tion lounge which surrounds a central cocktail bar. 
The main promenade-deck entrance is aft of the cock- 
tail bar and this gives access to the lounge, a gallery 
writing room on the port side leading aft from the 
lounge to the smoking room, which occupies the central 
portion of, the eet deck. From the smoking 
room, corridors lead aft to the midships entrance hall, 
that on the port side incorporating the library. The 
midships entrance hall gives access to the verandah 
café, situated on the sports deck, and looking aft over 
the swimming pool; as well as to the theatre, which 
provides seating accommodation for approximately 285 











Fig. 1. 


Fie. 2. 


persons. The theatre is flanked by garden lounges, 
while abaft the theatre is the cabin-class lounge and 
a stairway which leads to the cabin-class smoking room 
and cocktail bar on the main deck, the Sandringham 
restaurant on the restaurant deck, and the gymnasium 
on “D” deck. A further restaurant, known as the 
Balmoral, also is situated on the restaurant deck ; it is 
forward of the Sandringham restaurant and is sepa- 
rated therefrom by the galley and pantry services. The 





passengers are accommodated on the sun deck, the 
main, “ A,”’ restaurant, ‘ B,” and “C” decks. The 














STaRTING PLATFORM. 


cabins are fitted with either one or two berths 
to which, in many cases, an extra berth can be 
added. 

The vessel has been constructed in accordance with 
the latest requirements of Lloyd’s rules and has 
obtained the highest class certificate. The length 
overall is 715 ft., the moulded breadth 91 ft., and the 
depth moulded to the promenade deck 70 ft. 3 in., 
while the gross registered tonnage is given as 34,183. 
The design of structure follows the usual method of 
transverse framing in association with a cellular double 
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Fig. 3. 


bottom. There are three longitudinal girders on each 
side of a central longitudinal girder in the double 
bottom, the central girder being watertight abaft the 
boiler room and the first and third longitudinals to 
both port and starboard, watertight, or oiltight, forward 
of the engine room. The frames are s 36 in. 
ah reduced forward and aft to Lloyd’s requirements. 
The main frames, generally, are 12-in. channels extend- 
ing from the bilges to “ B ” deck, with 7-in. bulb angles 
in the *tween decks up to the promenade deck. Deep- 
web frames are introduced at intervals of approximate'y 
30 ft. throughout the length of the ship and these 
extend to the promenade deck. Up to and including 
the promenade deck, the deck beams are 9-in. channels, 
which are lapped to the frames with plate knee connec- 
tions. The decks are sheered, the restaurant and “ B ” 
decks having no camber, while the “ A,” main and 
promenade decks have a 4-in. camber and the super- 
structure decks a 6-in. camber. The decks are supported 
by four rows of _— in association with double- 
channel fore-and-aft girders, the outer lines of pillars 
coinciding with the side walls of the superstructure 
deckhouse. The cruiser stern has an overhang of 26 ft. 
abaft the after perpendicular. The rudder is of the 
semi-balanced type ; it is arranged on two pintles and 
38 supported on a lubricated pedestal bearing at “C ” 
deck level. The under-water form is of normal design, 





ENGINEERING 


MACHINERY IN BuwpeRs’ ERectina SHops. 


and is based on model experiments carried out in the 
builders’ experimental tank at Clydebank. 

Ten watertight transverse b’ eads form the main 
watertight compartments of the vessel above the 
double bottom. Additional security is provided by 
the longitudinal oil-bunker bulkheads, the wing tanks 
forward and aft of the machinery spaces, and the 
subdivision of the double-bottom compartments. 
Altogether, there are 40 watertight compartments 
between the inner and outer bottoms which are allocated 
for the carriage of fresh water, reserve feed water, oil 
fuel and water ballast. il fuel is carried also in the 
wing bunkers; these extend from tank top to “ B” 





deck level and are located at the sides of the boiler, 
turbo-generator, and auxiliary-machinery rooms, while 
forward of the auxiliary-machinery space is a cross- 
block of oil-fuel deep tanks. In addition to the fresh- 
water tanks in the double bottom, deep fresh-water 
tanks are fitted forward of the refrigerating-machinery 
room, abaft the chain-locker bulkhead and in the 
wings abreast the tunnel, while the fore peak also is 
arranged for the carriage of fresh water or water 
ballast; the after peak, however, is arranged for 
water ballast only. One horizontal and seven vertical 
sliding watertight doors have been installed in the 
engine and boiler rooms and eighteen horizontal doors 











in the tween deck spaces. 





The vessel is propelled by twin screws, each of which 
is driven by a set of Parsons-type triple-expansion 
geared turbines designed for an inlet steam pressure 
of 550 Ib. per square inch gauge and a temperature 
of 780 deg. F. Drawings showing an elevation and 
plan of the engine room are reproduced as Figs. 4 
and 5, on page 84, and a photograph of the main 
turbines and associated reduction gearing, taken in the 
erecting shops of the builders, is reproduced in Fig. 3, 
on this page. Steam for the turbines is supplied by 
six five-drum Yarrow-type water-tube boilers, both 
the main propelling machinery and the boilers having 
been constructed by Messrs. John Brown and Com- 
pany, Limited. The high-pressure turbines are of 
the impulse-reaction type comprising a two-row 
impulse wheel and a reaction portion fitted with end- 
tightened blading. The intermediate-preesure turbinos 
are of the end-tightened reaction t throughout, 
while the low-pressure turbines are of the double-flow 
radial-clearance reaction type. For astern working, 
a three-row impulse high-pressure turbine is incor- 
porated in each intermediate ahead casing and a 
three-row low-pressure impulse turbine in each low- 
pressure casing. All impulse blades are of stainless 
steel and are fitted individually into the rotor and cylin- 
der grooves. The reaction blades, however, are of 
stainless iron, the blades being assembled in sectors and 
held at the roots by brazing; the sectors are secured 
in their grooves by serrated side locking strips. The 
high-pressure nozzle plates are fabricated from mild 
steel with nozzle sectors of stainless steel, while those 
for the low-pressure astern turbines are phosphor- 
bronze castings with partition plates of Staybrite 
steel cast in situ. Thrust dummies are fitted to 
both high- and intermediate-pressure turbines, the low- 
pressure turbine, as previously indicated, being of the 
double-flow self-balancing type. Any unbalanced 
thrust in the turbines is absorbed by Michell thrust 

i An electrical fore-and-aft movement indica- 
tor is fitted to each rotor, which is connected to a 
warning lamp and bell so that both visual and audible 
warning is given should excessive axial movement of 
the rotors take place. A gland evacuation system is 
provided whereby steam is drawn from the glands into 
@ condenser instead of leaking into the engine room, 
thus reducing humidity in the engine room and pre- 
venting loss of water from the main system. 

Molybdenum cast steel is used for the high-pressure 
ahead casings and ordinary cast steel for the inter- 
mediate casings. The low-pressure casings are of 
fabricated construction, but the astern ends and lower 
halves of the thrust and bearing housings are of cast 
steel. The turbines are bolted rigidly to the gear casing 
at their after ends, while the forward ends are supported 
by substantial cast-iron pedestals which rest on plate 
structures built on to the inner bottom. The main 
gearing is of the double-reduction type for the high- 
pressure turbine and single-reduction for the inter- 
mediate and low-pressure turbines. The teeth of the 
high-pressure turbine primary pinion are of the all- 
addendum type, the remaining gears being of deep- 
tooth involute design; flexible couplings are fitted 


between the turbines and their respective pinions. 
The pitch of the primary gears is jy, in. and of the 


secondary gears | in., while the helix angle is approxi- 
mately 30 deg. At full power, the high-pressure 
turbine rotates at 3,686 r.p.m. and the intermediate- 
and low-pressure turbines at 1,990 r.p.m., the gearing 
reducing these to a propeller-shaft speed of 140 r.p.m. 
The propeller thrusts are transmitted to the hull struc- 
ture through large Michell single-collar thrust blocks 
manufactured under licence by the builders, the blocks 
being situated in the engine room just aft of the gear 
cases. The shafting is of solid-forged steel throughout, 
muff couplings being fitted between the tunnel and pro- 
peller shafting so as to permit the latter to be withdrawn 
outboard. The tunnel bearings are of the a 
cating type, a separate motor-driven pump supplyi 
oil ie aon ro and rudder pintles. The ase 
bearings are cooled by water supplied from a motor- 
driven tunnel-service water pump, which also supplies 
cooling water to the stern tubes. The last lengths of 
intermediate shafting are fitted with trailing collars and 
each shaft is provided with a Ford electrical torsion- 
meter. The two propellers are of manganese-bronze 
and of the solid four-bladed type ; each weighs approxi- 
mately 22 tons. , 
The starting platform, a photograph of which is 
reproduced as Fig. 2 opposite, is situated on floor level 
at the forward end of the engine room. The forward 
portion of the starting platform accommodates the 
telephone cabinet, transmitting —e for the 
boiler and generator rooms, fire-control panel and the 
salinometer panel. The main instrument panel is 
fitted with a clinometer on the centre line, below which 
are the generator ammeters and pilot lights, the remain- 
ing instruments, such as pressure gauges, etc., pan 
fitted to the port and starboard sections of the pane 


as appropriate. 





(To be continued.) 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ HERTFORD.”—Twin-screw refrigerated cargo 
vessel built by Messrs. Vickers-Armstrongs Limited, 
Walker-on-Tyne, for the Federal Steam Navigation 
Company, Limited, London, E.C.3. Main dimensions : 
530 ft. (between perpendiculars) by 70 ft. by 39 ft. to 
main deck ; deadweight capacity, about 14,000 tons on a 
draught of 32 ft. 6 in. Two five-cylinder opposed-piston 
Vickers-Doxford oil engines developing a total of 12,800 
b.h.p. with a speed of 17 knots. Trial trip, December 15. 


M.S. “* M.O.P. 226-C.”—Twin-screw centre well trailing 
suction hopper dredger constructed by Messrs. Fleming 
and Ferguson, Limited, Paisley, for the Argentine Govern- 
ment. Second of an order for two. Main dimensions : 
305 ft. by 58 ft. by 19 ft.; hopper capacity, 1,800 tons. 
Operating power supplied by four Diesel-driven generat- 
ing sets, giving a loaded speed of 11} knots. Four 
auxiliary Diesel-driven generating sets are also provided 
for supplying power to engine-room auxiliaries and deck 
machinery. Launch, December 28. 

S.S. ‘“‘ Orts.”—Single-screw passenger and cargo 
vessel, built by Messrs. John Crown and Sons, Limited, 
Sunderland, for A/S Ora, Arendal, Norway. Main 
dimensions: 246 ft. 6 in. (between perpendiculars) by 
41 ft. 10 in. by 26 ft. 1 in. to upper deck; deadweight 
capacity, 2,525 tons on a draught of 17 ft. 8 in. Triple- 
expansion engines of reheat design constructed by the 
North Eastern Marine Engineering Company (1938), 
Limited, Sunderland. Trial trip, January 6. 

M.S. “‘ HOLBERG.”—Single-screw cargo vessel, carrying 
12 passengers, built by Messrs. Smith’s Dock Company, 
Limited, South Bank-on-Tees, Middlesbrough, for 
Aktierederiet Seljan (Mr. Paul Jebsen), Bergen, Norway. 
Main dimensions: 330 ft. (between perpendiculars) by 
48 ft. 9 in. by 29 ft. 9 in. to upper deck; deadweight 
capacity, 3,950 tons on a draught of 19 ft. Three- 
cylinder opposed-piston Wallsend-Doxford oil engine of 
2,100 b.h.p., supplied and installed by Messrs. Wallsend 
Slipway and Engineering Company, Limited, Wallsend- 
on-Tyne. Speed, about 13 knots. Trial trip, January 11. 

M.S. “* ALENQUER.”—Single-screw cargo liner, carrying 
12 passengers, built by Messrs. Bartram and Sons, 
Limited, Sunderland, for the Sociedade Geral de Com- 
mercio, Industria e Transportes, Ltda., Lisbon. Fourth 
of an order for six. Main dimensions: 444 ft. by 
58 ft. 9 in. by 37 ft. 8 in. to upper deck ; gross tonnage, 
5,200 ; deadweight capacity, 9,500 tons on a draught of 
26 ft. 1 in. Four-cylinder opposed-piston N.E.M.- 
Doxford reversible oil engine, of 4,250 b.h.p., built by 
the North Eastern Marine Engineering Company (1938), 
Limited, Wallsend-on-Tyne. Service speed, 13} knots. 
Trial trip, January 17. 

8.S. “ BoMBARDIER.”—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for The Supreme Fish Curing Company, 
Limited, Grimsby. Main dimensions: 182 ft. by 30 ft. 
6 in. by 16 ft.; gross tonnage, approximately 650 ; 
fishroom capacity, 16,000 cub. ft. Triple-expansion 
engines, supplied and installed by Messrs. C. D. Holmes 
and Company, Limited, Hull. Launch, January 17. 


M.S. “ BririsH CHIVALRY.”—Single-screw oil tanker 
built by Messrs. Blythswood Shipbuilding Company, 
Limited, Scotstoun, for Messrs. British Tanker Company, 
Limited, London, E.C.2. Main dimensions: 515 ft. 
(between perpendiculars) by 69 ft. 6 in. by 37 ft. 6 in. ; 
deadweight capacity, about 16,150 tons. Six-cylinder 
Barclay Curle-Doxford opposed-piston two-stroke rever- 
sible oil engine developing 6,800 b.h.p., supplied by 
Messrs. Barclay, Curle and Company, Limited, Glasgow. 
Loaded speed, 15 knots. Trial trip, January 21. 





CONTRACTS. 


Messrs. TUBE INVESTMENTS LIMITED, The Adelphi, 
London, W.C.2, have received a contract from the 
National System of Spanish Railways (Red Nacional de 
los Ferrocarriles Espafioles), Madrid, for over a million 
feet of locomotive boiler and flue tubes. These will be 
manufactured by the subsidiary firms, ToBEs LIMITED, 
Birmingham, and HOWELL AND Co., LTp., Sheffield. 


THE BRITISH ELECTRICITY AUTHORITY, Great Portland- 
street, London, W.1, have placed contracts during the 
past month, for gener g-station, switching and 
transforming-station and transmission equipment 
amounting, in the aggregate, to 2,018,9027. The prin- 
cipal contracts include: feed heating and condensing 
plant for Battersea “ B”’ generating station with Messrs. 
RICHARDSONS, WESTGARTH AND COMPANY, LIMITED ; 
the south-east chimney-tower foundations, a retaining 
wall and column foundations, also for Battersea “ B” 
station, with Messrs. J. MOWLEM AND COMPANY, 
LmMITEeD ; extcnsions of river-water intake and outlet 
works at Fulham station with Messrs. CHARLES BRAND 
AND Son, LimITeD; main and auxiliary cables and 
connections for Birkenhead station with ABERDARE 
CABLES, LIMITED; and structural steelwork for Usk 
Mouth station with Messrs. BRAITHWAITE AND CoM- 
PANY (STRUCTURAL) LIMITED. 





ENGINEERING. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 


Cresylic Acid.—Two specifications, B.S. No. 517, 
covering cresylic acid of specified orthocresol content, 
and B.S. No. 521, dealing with cresylic acid of specified 
metacresol content, have now been published in revised 
form. The new editions of both publications have been 
issued at the request of the Tar Products Tests Com- 
mittee; they were last revised in September, 1938. 
An upper limit, together with a range of variation of 
5 per cent., have now been specified as regards ortho- 
cresol content, in the case of the first specification, 
while five grades of cresylic acid, with varying meta- 
cresol contents, are now specified in the case of the 
second specification. The publications also provide 
for specific gravity and distillation range, and include 
limits for water, neutral oils, pyridine bases, hydrogen 
sulphide and acids and alkalis. Methods of sampling 
and analysis are specified. [Price of B.S. No. 517, 
2s. 6d., and of No. 521, 3s., both of which include 
postage. 

Media for Biological Percolating Filters—A new 
specification, B.S. No. 1438, prescribes the require- 
ments for media used in biological percolating filters 
for the treatment of sewage, water, and certain trade 
waste waters. The function of the medium in a 
percolating filter is, of course, to provide an extended 
surface to serve as a support forthe organisms, including 
bacteria and fungi, which bring about the purification 
of the polluted liquids supplied to the filter. Many 
different materials have been used satisfactorily as filter 
media, including coke, clinker, gravel, crushed stone, and 
slag. The specification makes provision for assessing 
the durability, uniformity of size and shape, cleanness, 
nature of surface and mechanical strength of the 
pieces of the medium. Methods of sampling, analysis 
and testing are also included. [Price 2s. 6d., postage 
included. } 





BOOKS RECEIVED. 


An Introduction to Planning. By G. BELL BARKER, 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, Kingsway, London, W.C.2. [Price 
3s. 6d. net.] 

Angewandte Hydraulik. By PROFESSOR ROBERT DvBs. 


Rascher et Cie. A.-G., Limmatquai 50, Ziirich. [Price 
29.80 Swiss francs.) 
Practical Shop Mathematics. Volume I. Elementary. 


By Dr. JoHn H. WOLFE and PROFESSOR EVERETT R. 
PHELPs. Third edition. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 2.40 dols.] McGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 16s.] 

Structural Foundations. By R. R. MINIKIN. Crosby 
Lockwood and Son, Limited, 39, Thurloe-street, South 
Kensington, London, 8.W.7. [Price 25s. net.) 

Ministry of Transport. Railway Accidents. Report on 
the Collision which Occurred on 17th July, 1948, at 
Ardler Junction in the Scottish Region of the British 
Railways. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. 3d. net.] 

Department of Scientific and Industrial Research. Report 
of the Geological Survey Board for the Year 1947. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
6d. net.) 

Grundlagen der Wasserbaukunst. By G. TOLKMITT. 
Fifth edition, revised. By WALTHER PAXMANN, 
Wilhelm Ernst und Sohn, Hohenzollerndamm 169. 
Berlin-Wilmersdorf, Germany. [Price 16 DM.) 

Newnes Electrical Tables and Data. By E. MOLLoy. 
Second edition. George Newnes, Limited, Tower 
House, Southampton-street, Strand, London, W.C.2. 
[Price 10s. 6d. net.] 

Copper Development Association. Publication No. 43. 
Copper and its Alloys in Engineering and Technology. 
Offices of the Association, Kendals Hall, Radlett, 
Herts. [Free to approved applicants.) 

Diamond Tool Patents III. Truing of Grinding Wheels. 
By W. JacogpsoHun. Industrial Diamond Information 


Bureau, Industrial Distributors (Sales), Limited, 
32-34, Holborn-viaduct, London, E.C.1. [Price 
12s. 6d.) 

Turret Tooling. By H. HowaRD FREEMAN. Second 


edition. Sir Isaac Pitman and Sons, Limited, Parker- 
street, Kingsway, London, W.C.2. [Price 12s. 6d. 
net.) 


Systematic Motion and Time Study. By PROFESSOR 
Marvin E. Monpew. Prentice-Hall, Incorporated, 
70, Fifth-avenue, New York 11, U.S.A. [Price 4 dols.] 





George Allen and Unwin, Limited, Ruskin House, 
40, Museum-street, London, W.C.1. [Price 21s. net.] 





JAN. 28, 1949. 

PERSONAL. 

Mr. W. CyRm WrtiiaMs, M.I.Mech.E., has been 
nominated for the office of President of the Institution 
of Locomotive Engineers, 28, Victoria-street, London, 
8.W.1, in succession to LT.-COLONEL HAROLD RuDGAxpD, 
O.B.E., when the latter vacates the position at the end 
of the session on May 31, 1949. 

Mr. JAMES CALDERWOOD, M.Sc., M.I.N.A., M.I.Mar.E., 
A.F.R.Ae.S., has resigned his appointment as manager 
of the Diesel and Marine Department of Messrs. Sulzer 
Brothers (London), Limited, where he has been in charge 
of all Diesel-electric locomotive and marine and stationary 
Diesel-engine work carried out in this country, to join 
Associated British Oil Engines Limited, as technical 
director. In his new appointment, which he takes up 
on February 1, Mr. Calderwood will be in charge of design 
and development at each of the five factories where 
Mirrlees, McLaren, Petter and Petter-Fielding Diese! 
engines are at present being built. 

Mr. C. W. Pass, M.B.E., B.Sc., A.M.I.E.E., who first 
became associated with Messrs. Crompton Parkinson, 
Limited, in India in 1933, and subsequently joined the 
Southampton Corporation Electricity Department, has 
been appointed manager for Messrs. Crompton Parkinson 
in South America. He was previously in charge of the 
plant section of the Overseas Division in London. Mr. 
Pass leaves for the Argentine in March and his address 
will be c/o Crossley Bros., Ltd., Cassilla de Correo, 472, 
Buenos Aires. 

Mr. F. A. SHORTER, assistant district engineer, British 
Railways, North Eastern Region, York, has been ap- 
pointed assistant to the civil engineer (structures). Mr. 
H. ORMISTON, head of the permanent-way drawing office, 
has been promoted to succeed Mr. Shorter as assistant 
district engineer. 


Mr. G. A. JENNINGS has been appointed assistant 
divisional engineer, British Railways, Western Region, 
Neath, in succession to Mr. F. L. LAMBERT, who has been 
made assistant divisional engineer, Newport. Mr. Lam- 
bert himself has succeeded Mr. H. G. LAKEMAN, who has 
become divisional engineer, Cardiff. 


Mr. PETER G. MASEFIELD, M.A., F.R.Ae.S., has been 
appointed assistant to the chairman and general manager 
of British European Airways Corporation. 

Messrs. W. CROCKATT AND Sons, LIMITED, 62, 
Darnley-street, Glasgow, S.1, announce that Mr. T. 
SAMPSON has relinquished his position as joint managing 
director, for health reasons, and has severed his connec- 
tion with the company. Mr. W. C. Crockatr continues 
as chairman and managing director with Mr. P. WILSON 
as joint managing director and secretary. Mr. R. M. 
LaIRD and Mr. A. C. Crockatr continue as directors. 


Mr. CHARLES SMITH, a grandson of John Smith, the 
founder of John Smith (Keighley), Limited, Crane Works, 
Keighley, a firm established in 1866, has been elected a 
local director. Mr. Charles Smith has been with the 
company for more than 30 years. 


Mr. W. R. McGraw, A.F.R.Ae.S8., has been made 
Director of Aircraft Production, Ministry of Supply. 


Dr. H. K. WHALLEY, head of the chemical-research 
department at Manchester Oi] Refinery Limited, is 
leaving the company to join Petrocarbon Limited to be 
in charge of the programme and planning of Petro- 
chemicals Limited. 

Mr. W. A. TooKEy, M.1.C.E., M.I.Mech.E., eonsulting 
engineer, informs us that his sole address is now 83, 
Cumberland-road, Bromley, Kent. (Telephone : RAVens- 
bourne 0773.) 


MEssrs. MUSGRAVE AND COMPANY, LIMITED, St. Ann’s 
Works, Belfast, announce that Mr. T. H. Eccies has 
been appointed manager of their London office in succes- 
sion to Mr. T. A. PATTERSON, who has resigned. 


BROOKHIRST SWITCHGEAR LIMITED, Northgate Works, 
Chester, announce that Mr. A. S. BRAIN has been ap- 
pointed sales engineer in the Manchester area and will 
act as assistant to Mr. F. A. LEONARD, the firm’s district 
manager, at 53, King-street, Manchester. Mr. A. B. 
Hircu and G. Cut have been appointed to the company’s 
sales staff in London under Mr. J. GoRDON FRATER, at 
54, Victoria-street,S.W.1. Mr. K. J. TRUDGEN has been 
appointed sales engineer and assistant to Mr. ©. A. 
PHILLIPs at the firm’s Birmingham office at Soottish 
Provident Buildings, 95, Colmore-row. 


Messrs. THos. W. WaRvD LimireD, Albion Works, 
Sheffield, have taken over world sales distribution for 
Eldair press brakes and for the precision gauges manu- 
factured by Messrs. K. EmMsLey Limirep, Bradford. 
Messrs. Ward have also been appointed selling agents for 
DARLING AND SELLARS 104-in. centre lathe throughout 
the world, with the exception of Australia. 

THE INDIA SUPPLY COMMISSION which are a depart- 
ment of the High Commissioner for India in the United 
Kingdom, are to vacate their present offices at 45-47, 
Mount-street, London, W.1, at the end of this montb. 
On February 1, they will move into their new premises 
at 55, Jermyn-street, S.W.1. (Telephone, REGent 
8250.) 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—Production at the various works is now 
fully restored to normal, and there is considerable 
optimism regarding the prospects for 1949. The indus- 
try has got into its stride so rapidly and smoothly that 
it is evident that, provided the necessary supply of raw 
materials is forthcoming, last year’s record ingot output 
can be maintained without undue difficulty. There is 
some uncertainty regarding the scrap outlook. It is 
considered, however, that a continuance of last year’s 
efforts by scrap merchants will result in securing adequate 
supplies. Current reserves, although meagre by pre-1939 
standards, are better than they were a few months ago. 
Pig-iron production is also being maintained at last year’s 
high level. Sheet makers are working at high pressure, 
although handicapped, to some extent, by a shortage of 
skeet bars; some help in the form of increased Belgian 
imports is anticipated. The trend of the steel trade in 
Belgium is being watched closely by Scottish makers, 
who are not yet unduly perturbed by the fall in export 
prices there. It is perhaps indicative of the possible 
future pattern of British trade that makers are under 
pressure to state what tonnage of steel they can under- 
take to ship to Canada in Period 1. Australia is also 
becoming increasingly important, and several orders for 
bars and other steel products were received last week by 
Scottish exporters for shipment in Periods 1 and 2. 

Scottish Coal.—Although not remarkably high, deep- 
mine outputs so far have been satisfactory. In the 
first full week of the year, 485,200 tons were mined, as 
compared with 485,100 tons in the corresponding week 
in 1948. This is, however, 15,000 tons short of the 
target ; it may perhaps be ascribed to production delays 
caused by getting the pits into shape after the holidays, 
but the position is now back to normal, leaving no good 
reason why the prescribed standard of 500,000 tons 
weekly should not be attained. The full amount is 
required at once, as supplies to consumers are short, 
especially in the domestic market. While the average 
of depot stecks is rather more than one week’s supply, 
some merchants are without reserves. Relief tonnages 
of round coal from the North of England during the 
past four weeks are to be doubled in the ensuing four 
weeks, and should appreciably ease the shortage resulting 
from under-delivery against basic allocations. Gas 
works are rather better supplied after meeting a little 
difficulty for a week or two, and railways now have 
adequate quantities in hand. In the industria] range, 
a few consumers have been short of fuel, but their needs 
are being met. Graded coals are scarce, and the position 
generally is on the short side. 





NOTES FROM SOUTH YORKSHIRE. 
. SHEFFIELD, Wednesday. 

Tron and Steel.—Disclosures of nationalisation plans 
have given rise to apprehension regarding the prospects of 
raising the additional capital that will be required if the 
extensive schemes of development and re-equipment are 
to be pursued fully. Sheffield makers of iron and steel 
works plant and machinery are extremely well booked 
and are making satisfactory progress with orders for 
British and Australian steelworks. Shortages of materials 
give rise to anxiety. The much-reduced imports of soft 
basic wire rods have necessitated the use of wire-rod 
rolling mills to a greater extent than formerly for the 
production of soft material in place of the hard basic 
rods required particularly for the manufacture of wire 
for wire ropes, on order from mining and shipping con- 
cerns. The shortage of wire shows no sign of reduction. 
Rather more satisfactory supplies of high-carbon steel 
are coming forward after a long period of acute shortage. 
More new business in steel is needed if the present rate of 
production is to be maintained for a fairly long period ; 
old orders are the present mainstay. Export business in 
steel is quieter. Tool factories are still very busily 
employed, and cutlery manufacturers are well employed 
mainly on home orders; foreign business is quieter, 
partly owing to numerous import restrictions. 

South Yorkshire Coal Trade.—More coal is being raised 
and the majority of pits have either hed or ded 
their targets. Tho increased production of deep-mined 
coal has been supplemented by the production of more 
opencast coal during the spell of dry weather. Demand, 
generally, is strong. Prior consideration is being given 
to home requirements, but a fairly good tonnage has been 
dispatched to the Humber porte for export and bunkers. 
Numerous schemes are being developed for the improve- 
ment of equipment at several pits with the object of 
facilitating production. Pit consultative committees 
have dispensed with the services of coal-face workers 
who were persistent absentees ; some have been trans- 
ferred to surface or haulage work. The demand for 
house coal is greater than the supply. Coking coal has 





been in better supply and the make of coke has been 
improved a little, while more gas has been supplied 
through the South Yorkshire gas grid. 


? 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel producing plants 
are operating at as high a pressure as conditions justify, 
but the great outputs are readily taken up as they become 
available and both home and overseas customers are 
clamouring for much bigger parcels. A substantial 
increase in output in all branches of industry is confidently 
expected, but even with full-capacity production there 
is little ground for hope that tonnages available during 
the first half of the year will be equal to the demand. 
Raw materials are arriving at. the consuming plants 
on @ fairly satisfactory scale but will have to be consider- 
ably augmented. A substantial increase in coke-oven 
capacity is also essential. Fortunately, the recent 
heavy deliveries of scrap from home and overseas sources 
have enabled founders and steel-makers to accumulate 
larger stocks then they have held for over a year, but 
they still eagerly take all available parcels. Pig iron 
is still wanted in considerably larger quantities than 
can be obtained. Manufacturers of semi-finished and 
finished commodities are busy and are extensively sold. 

Foundry and Basic Iron.—Complaints of serious 
shortages of ordinary foundry pig iron continue. The 
scarcity is hampering operations at works producing 
light castings and other commodities in great demand. 
The basic blast-furnace output is taken into direct use 
at the makers’ adjacent steel-producing plants. 

Hematite, Low-Phosphorus and Refined Iron.—Makers 
of East-Coast hematite are maintaining regular deliveries 
to old customers but the quantity they are providing 
does not cover requirements. Low-phosphorus grades 
of iron are steadily absorbed, but users of refined iron 
are able to cover their requirements. 

Manufactured Iron and Steel.—Orders in hand for 
semi-finished and finished iron will keep plants well 
occupied until the issue of new allocations, and the various 
branches of the steel industry will be fully occupied 
for many months. Producers have well-filled order 
books and have numerous inquiries for deliveries as far 
ahead as the third quarter of the year. Steel semics 
are becoming less scarce, but re-rollers are still requiring 
larger quantities of sheet bars, small billets and wire 
rods than are coming forward. Finished classes of steel 
are in very heavy demand. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—Complaining that a practice 
which existed for many years under private ownership 
bad been withdrawn by the Coal Board, 1,270 miners 
employed at the Markham Colliery, near Tredegar, 
came out on strike last week. The colliery has a good 
output record and almost every week last year the output 
target was exceeded. The men alleged that extra 
payments made to men on the afternoon and night 
shifts, because of the inconvenience, had been withdrawn. 
The Area Executive Council of the Union, after consider- 
ing the question, advised the men to return to work 
while they negotiated the matter, advice which was 
accepted. The Executive Council expressed the view 
that the Coal Board had acted unconstitutionally in 
not dealing with the withdrawal of the payment through 
the conciliation machinery. Good news for South Wales 
shippers last week was that the difficulties that have 
hampered trading with Italy, one of the area’s largest 
customers before the war, have been overcome. Trading 
has been restricted for some months past, but during the 
week it was announced that business had already been 
negotiated for a substantial quantity of coal for delivery 
during the current year. There were indications also 
that steps were being taken to overcome the difficulties 
concerning payments which have kept trade with Spain 
severely in check. Shippers have had very large sums 
of money outstanding in this market, and it was reported 
that a plan was being worked out which would provide 
for more favourable payments, but these negotiations 
would probably still take some time to reach finality. 
The other principal export markets, such as France, 
Portugal and the Argentine, were still showing good 
activity. Supplies were going forward satisfactorily 
to these customers. In addition, exporters experienced 
a@ good demand from other foreign users but were unable 
to provide much coal for early delivery. Home require- 
ments were still paramount and large quantities were 
booked over a long period ahead for inland consumers. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, matters were quiet in regard to new 
business in tin-plate. Many consumers have placed 
orders for their allocations for the first quarter. Makers 
have well-filled order books and are endeavouring to 
increase their production further. In the export market 
the demand is good and last week’s sales were a little 
over the average. Steel sheets are a strong feature and 
the demand for iron and steel scrap is insistent. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Feb- 
ruary 1, 5.30 p.m., Great George-street, 8.W.1. “‘ Design 
and Strength of Standard Flat-Footed Rail and Fishplate 
Sections,” by Mr. A. M. Sims; and “ Practical OCon- 
siderations in Regard to the Design of Flat-Bottomed 
Rail Track,” by Mr. N. W. Swinnerton. Association of 
London Students: Wednesday, February 2, 6 p.m., 
Great George-street, S.W.1. “Uses of Soil-Oement 
Construction in Great Britain,” by Mr. 8S. B. Webb. 

INSTITUTION OF ELECTRICAL ENGINEERS.—North- 
Western Centres Tuesday, February 1, 6.15 p.m., 
Engineers’ Club, Manchester. ‘“ Polyphase Commutator 
Machines,” by Mr. B. Adkins and Mr. W. J. Gibbs. 
London Students’ Section: Tuesday, February 1, 7 p.m., 
Victoria-embankment, W.C.2. ‘“‘ Circuit Interruptions,” 
by Mr. J. R. Waters. Radio Secti Wednesday, 
February 2, 5.30 p.m., Victoria-embankment, W.C.2. 
** Direction-Finding Site Errors at Very High Fre- 
quencies,” by Dr. H. G. Hopkins and Mr. F. Horner ; 
and “ Scattering of Radio Waves by Metal Wires and 
Sheets,” by Mr. F. Horner. Southern Centre :. Wednesday, 
February 2, 6.30 p.m., University College, Southampton. 
“Lightning Protection of High-Voltage Overhead 
Systems,” by Mr. H. M. Lacey. Mersey Centre: Wed- 
nesday, February 2, 6.45 p.m., Philharmonic Hall, 
Liverpool. Faraday Lecture on “ Television,” by Sir 
Noel Ashbridge and Mr. H. Bishop. Institution: Thurs- 
day, February 3, 5.30 p.m., Victoria-embankment, W.C.2. 
Joint Meeting with the INSTITUTION OF CIVIL ENGINEERS. 
“Tidal Power and the Severn Barrage,” by Mr. H. 
Headland. 


Royal Socrery oF ARTs.—Wednesday, February 2, 
2.30 p.m., John Adam-street, W.C.2. “‘ The Industrial 
Designer’s Responsibility,”’ by Mr. Gordon Russell. 

RoyaL UNITED SERVICES INSTITUTION.— Wednesday, 
February 2, 3 p.m., Whitehall, S.W.1. ‘“* Meteorology 
in War,” by Sir Nelson King Johnson. 

INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Western Branch: Wednesday, February 2, 6 p.m., 
9, The Temple, 24, Dale-street, Liverpool. Joint 
Meeting with the LIVERPOOL ENGINEERING SOOIETY. 
Thomas Lowe Gray Lecture on “ Marine Engineering 
in the Royal Navy,” by Eng. Vice-Admiral Sir John 
Kingcome. Scottish Branch: Thursday, February 3, 
7.30 p.m., Royal Technical College, Glasgow. Thomas 
Lowe Gray Lecture. Also on Friday, February 4, 
7.30 p.m., Robert Gordon’s College, Aberdeen ; and on 
Saturday, February 5, 7.30 p.m., Technical College, 
Dundee. (Times at Aberdeen and Dundee subject to 
slight advancement.) Institution (Steam Group): Friday 
February 4, 6 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. ‘“‘ Marine Boiler Deterioration,” by Dr. I. G. 
Slater and Mr. N. L. Parr. AUTOMOBILE DIVISION : 
Coventry Centre: Tuesday, February 1, 7 p.m., Geisha 
Café, Hertford-street, Coventry. ‘“‘ Basic Problems in 
the Engineering of a Modern All-Metal Motor Body,” 
by Mr. E. S. White. 

INSTITUTE OF TRANSPORT.—Leicester Group : Wednes- 
day, February 2, 6.15 p.m., City Transport Offices, 
Leicester. “Town Planning,” by Mr. J. Beckett. 
South Wales Section: Thursday, February 3, 7 p.m., 
South Wales Institute of Engineers, Park-place, Cardiff. 
Film Display and Address by Mr. F. H. Kidd. 

JUNIOR INSTITUTION OF ENGINEERS.— Midland See- 
tion: Wednesday, February 2, 7 -p.m., James Watt 
Memorial Institute, Birmingham. Presidential address : 
“ Design of Electric Generating Stations,” by Mr. L. F. 
Jeffrey. Institution: Friday, February 4, 6.30 p.m., 
39, Victoria-street, S.W.1. Film: ‘“ Meehanical Hand- 
ling,” introduced by Mr. W. G. Picton and Mr. N. A. 
Jenkinson. 

INSTITUTION OF PRODUCTION ENGINEERS.— Nottingham 
Section: Wednesday, February 2, 7 p.m., Victoria 
Station Hotel, Nottingham. Discussion on “‘ Purchasing 
to Schedule.” Glasgow Section : Thursday, February 3, 
8 p.m., 39, Elmbank-crescent, Glasgow. Discussion on 
“Improved Production Methods and Management.” 

INSTITUTE OF MARINE ENGINEERS.— Wednesday, 
February 2, 7.15 p.m., City Technical College, Cardiff. 
“The Combustien Turbine,” by Mr. J. Calderwood. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—North- 
Western Centre: Wednesday, February 2, 7.30 p.m., 
White Hart Hotel, Warrington. “ Hydraulic Trane- 
mission,”” by Mr. G. Fraser. 

INSTITUTION OF ENGINEERING INSPECTION.—Thursday, 
February 3, 6 p.m., Royal Society of Arts, John Adam- 
street, W.C.2. “ Boiler Plant,” by Mr. R. H. Burns, 

ROYAL StaTIsTicaL SocreTy.—Industrial Applications 
Section: Friday, February 4, 6 p.m., 2, Savoy-hill 
W.C.2. “A Statistician Looks at the Mechanical 








Transport Section,” by Mr. W. R. Buckland. 
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MESSRS. JOHN BROWN AND COMPANY, LIMITED, CLYDEBANK. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
““ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bar 3663 and 3664. 


All editorial co dence should be addressed 
to the Editor and other correspondence to the 
Manager. 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Chequee should be crossed “The National Provincial 
, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
ne’ t in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
— abroad, with the exception 
re) 


For Canada 
Subscribers receiving incomplete copies through 
ne nts are requested to communicate the fact to 
the blisher, mentioning the agent’s name and 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisemente will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘ Appointments ”  “ Situations 
Wanted,” ‘‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
a ing under ‘Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 
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HEAVY-OIL ENGINE 
WORKING COSTS. 
For a number of years, the Diesel Engine Users 
Association have issued annually the report of a 
special committee which collates information 
received from constituent members upon their 


green | individual operational costs. A report which con- 


tains so many statistical data naturally takes a 
considerable time to prepare, and the latest issue, 
which was discussed at a meeting of the Association 
held in London on December 16, 1948, and briefly 
noted on page 615 of our issue of December 24, 
covers the period 1946-47. This inevitable delay, 
however, does not in any way diminish its value ; 
it is, indeed, a publication which has deservedly 
earned a high place in the estimation not only of 
the members whose records are included, but of all 
users of heavy-oil internal-combustion engines for 
the generation of electricity for factory and public 
purposes. There is also a special section for water 
pumping in municipal and similar waterworks. 
These are both categories of installations, it will be 
realised, in which the rate of fuel consumption can 
be compared with a measured production of elec- 
trical energy in the one case, and of a measured 
volume and pressure of water in the other. It is 
to be regretted that the annual returns show a 
decreasing total number of stations reporting 
figures, and the committee are, naturally, somewhat 
concerned at the apathy of the majority of members 
of the D.E.U.A., who fail to supply information 
for the benefit of all. Possibly one reason for this 
apparent reticence is the somewhat complex nature 
of the questionnaire which all members receive and 
the fact that, in these days of stress, power-house 
superintendents have little time to spare for duties 
outside their own daily routine ; consequently, the 
forms are put on one side because they cannot be 
readily answered in full detail, special calculations 
being required beyond those simpler entries deemed 
to be essential for individual records, or log sheets 


It is only natural that the D.E.U.A. returns, 
during the many years that have passed since the 
first annual working costs were issued, have beeome 
somewhat more comprehensive because of the 
desire of the responsible committee to cover all 
conditions of operation ; but, if recent years have 
thereby been less productive in the number of 
installations reporting results, it would seem desir- 
able that the committee should consider whether, 
in the interests of all concerned, it would not be 
better to devise a simplified questionnaire which 
might be more acceptable to those members who at 
present fail to supply useful material for the returns. 
In the report just published, of 11 undertakings 
sending in returns relating to generating sets 
utilising mechanical injection of fuel, only six are 
really comparable, as, in the others, the cost of one 
or two items of operating expenses are entirely 
omitted. Although the fact is not plainly stated, 
the average of all separate items has been 
“‘ weighted,” which, to a certain extent, covers the 
missing quantities. It is interesting to note that 
the summation of fuel, lubricating oil and wages 
costs amounts to an average of 78 per cent. of the 
total operating costs, leaving 22 per cent. to cover 
the remaining items of stores and water, repairs and 
maintenance. This latter figure compares with 
10 per cent. in previous years, and indicates the 
effect of the high prices now ruling for material 
and labour. The cost of fuel and lubricating oil was 
found to represent 53-6 per cent. of the average 
cost per unit generated, while, for waterworks 
installations, it is 64 per cent. of the average cost per 
water-horse-power per hour. 

One installation claims that the mean consump- 
tion of fuel oil per unit generated is only 0-54 lb. 
This is an extraordinarily low figure, as, assuming 
the current to be from a generator of 92-5 per cent. 
efficiency, or a brake horse-power per kilowatt 
ratio of 1-45, this means that the engine consumes 
only 0-372 lb. of fuel per brake horse-power per 
hour. The installation in question is working in 
the maker’s own factory and this is the first year 
of operation. Figures recorded elsewhere show that 
the plant has operated for 520 hours during the 
period covered, at a mean output of 588 kW and 
a peak of 1,080 kW ; each of three sets comprising 
the installation is rated at 415 kW, which makes 
the low rate of consumption the more surprising, 
especially when it is learned from another table 
that the aggregate engine-hours amounts to 1,116, 
and that, consequently, at least two of the sets 
must have been sharing the load throughout. It 
is interesting also to realise that very similar rates 
of fuel consumption apply to two stations in which 
a similar make of engine is installed; the one 
installation, in the maker’s own power station, 
consumed 0-596 lb. per unit generated as a mean 
for four sets, and the second, in a film-studio power 
house, also with four sets working, reporting a 
consumption of 0-592 Ib. The first-mentioned set 
was operated for 1,560 hours and the second for 
2,989 hours—nearly double the duration—during 
the year. The general weighted average for 11 
mechanical-injection engines is given as 0-633 lb. 
per unit generated, which is a good figure for condi- 
tions so various. A similar average for nine water- 
works pumping sets is given as 0-569 lb. per water- 
horse-power per hour. 

Another matter of interest that analysis of the 
report reveals—although it is not readily appre- 
ciated until further computations are made from 
the figures of cost per unit—is the relative costs of 
annual wages paid to the operating staff of the 
various installations. In electricity stations using 
mechanical-injection engines, these range from 3601. 
to,7,4911. per annum, with a wide variation between 
these extremes. For example, one installation of 
five engines operating on day work, with a battery 
to deal with night and peak demands, has a staff 
costing 1,7501. per annum ; a similar station working 
268 hours per week—on a 44-hour basis, which 
involves extra relief men to cover the three shifts 
of eight hours daily and the holiday periods—also 
with five engines, reports a wage bill of over 2,8301. 
Smaller day-load stations, also with five engines, 
are operating with a total cost of 6001. per 
annum. The wage bill of 7,491l. for the staff of 
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excessive on this comparison and suggests that the 
wages of casual employees employed on deferred 
overhauls may have been included. 

The wages paid to operating staff in waterworks 
installations also vary widely, but not to such 
extremes ; the usual rate for (presumably) two 
operators is between 630]. and 680/. per annum. 
When two shifts per day are included, this charge 
is doubled. ‘The highest annual cost is for four 
pumping sets, at 2,511l/.; coming next is one 
station in Kent, staffed for 1,497/.; one in Surrey 
at 1,186/.; and another in Surrey, but of larger 
output, at 8141. A Western county waterworks is 
operated by a staff costing 1,320]. per year. As 
these annual rates of pay are independent of the 
actual quantity and pressure of water pumped, it 
would seem worth while occasionally to think of 
this important item otherwise than on a basis of 
cost per water horse-power per hour. 

The section of the D.E.U.A. report dealing with 
mechanical items of wear and tear is interesting ; 
by inference, it proves that, while some stations are 
immune from serious operating defects, others con- 
tinue to suffer from previously reported failures. 
Like the founders, who put their pioneer experiences 
fully before their fellow users for discussion and 
mutual help, the present D.E.U.A. members want 
to know the weak points of modern high-compression 
oil engines and to induce their newer confréres to 
join in discussing this important detail of their 
communal interest. In the tabled information 
referring to the calorific value and specific gravity 
of the fuel oil supplied, it is clear that by far the 
majority of installations are now using the more 
fluid gas oil rather than the heavier distillates of 
petroleum. This is all to the good, as it is well 
known that, whatever the characteristic nature of 
the unrefined crude, the quality of gas oil drawn 
off by the fractionating processes is uniquely similar 
in the absence of the deleterious substances which 
the heavier distillates all too frequently possess. 
The specific gravity of gas oil is also fairly constant 
at 0-855, and the calorific value (gross) is of the 
order of 19,600 B.Th.U. per pound. The use of 
this grade of fuel oil consequently not only makes 
for more efficient working, but enables the operator 
to check performance by merely comparing the 
number of electrical units generated per gallon of 
oil; thus spot readings can be taken at any time 
by relatively unskilled attendants. For an engine 
which, at full load or thereabout, develops 1 brake 
horse-power for 0-39 Ib. of fuel of 0-86 specific 
gravity when coupled to a generator of 93 per cent. 
efficiency, the number of units per gallon is 15-4; 
this affords a yard-stick by which operating condi- 
tions involving lighter loads can be compared, In 
practice, it will be found that from 13-5 to 14-5 
units per gallon will usually assure the attendant, 

his own observation, that no need exists for 
fuel-pump or other detail adjustment. 

As regards lubricating-oil consumption, the report 
shows that, on the recommended basis of so many 
rated brake horse-power-hours per gallon, the 
individual installations vary quite widely. It 
does not seem to be recognised that, according to 
the number and diameter of pistons, the rate of 
lubricating-oil consumption must vary. It is to be 
expected that, for any given rated brake horse-power 
output, @ six-cylinder engine must need less oil 
than a combination of eight cylinders, with conse- 
quent variation in the basis of rated brake horse- 
power per hour per gallon. This probably explains 
why, in the tabulated figures given in the report, 
the ratio of fuel oil to lubricating oil varies from 
52 to 205—four times as much—with a mean of 67, 
and the rated brake horse-power hours per gallon 
from 1,760 to 5,740, with a mean of 2,760. Such 
a wide discrepancy as this, it would seem, might be 
given some consideration in future reports ; in the 
present instance, the report contains no more than 
an implied comment in the provision of a table 
wherein are set out, in order of merit, the names 
and ratios of stations which have shown a perform- 
ance better than the arbitrary standard of 2,380 
rated brake-horse-power hours per gallon of lubri- 
cating oil. It should be pointed out, however, that 
the report is a statement of facts, and that the 
compilers refrain, as a matter of principle, from 
expressing opinions on the data supplied to them. 


THE STANDARDISATION 
AND USE OF LOCOMOTIVES. 

“WHILE it may be an interesting pastime to try 
to decide on paper whether a locomotive is suitable 
for certain haulage work, the only completely con- 
vincing way is the old one of trying it out for a 
couple of months. This takes into account all the 
practical points, which the theoretical investigator 
is apt to ignore, if he knows of them at all.” So 
wrote Mr. J. Slee in a letter to ENGINEERING printed 
on page 304 of our previous volume. In addition 
to the criticism of ‘‘ theoretical investigators,” his 
remarks contain the less obvious implication that 
the steam locomotive is not such a humdrum 
machine that its performance can be assessed by 
mere statistics. Therein lies the fascination and 
the weakness of the steam locomotive. It is because 
there are so many indeterminate variables, which 
make it almost impossible to express performance 
simply and in a form which will enable comparisons 
to be made, that there is so much scope for differ- 
ences of opinion. Much talk about bygone loco- 
motives is like talk about bygone cricketers—-there 
is 8 convenient vagueness on matters of perform- 
ance ; but it will be a sad day for railway enthusiasts 
wnen steam locomotive design and performance 
have been reduced to a few predictable variables. 
Such a goal can never be reached, of course, although 
efforts in that direction are constantly being made. 

In recent years, the chief mechanical engineers’ 
departments of the former main-line companies have 
paid increasing attention to the requirements of 
the operating departments, as witness the paper by 
Mr. O. V.S. Bulleid, C.M.E. of the Southern Region 
of British Railways, the conclusion of which appears 
on page 94, and the presidential address to the 
Institution of Locomotive Engineers delivered by 
the first chief officer for motive power of the 
nationalised railways—Lieut.-Colonel Harold Rud- 
gard, who was previously superintendent of motive 
power on the London Midland and Scottish Railway. 
An abridgment of the second half of his address 
appeared on pages 343 and 383 of our preceding 
volume. As reported on page 20, ante, the Railway 
Executive have issued a statement on their policy 
for the standardisation of locomotives, the details 
and implications of which may be studied with 
particular interest in the light of Colonel Rudgard’s 
address and the paper by Mr. Bulleid. The rational- 
isation of locomotive designs postulates the accept- 
ance of a limited number of standard designs (which, 
individually, are superseded from time to. time by 
new standard designs), all other classes, including 
former standard classes, being obsolescent and 
allowed to complete a useful term of service or 
scrapped prematurely. The standardisation of a 
number of locomotive classes is of fundamental 
importance to the running sheds and the shops. 
Both will benefit from the reduction in the number 
of types and the consequent simplification of mam- 
tenance, but the running department will be par- 
ticularly concerned that a useful range of loco- 
motives should be standardised. The results of the 
inter-regional transfers of locomotives on British 
Railways and the data gained from tests at the 
Rugby testing station will provide ample material 
for study by designers, and there are likely to be no 
grounds for the fear, often expressed, that standard- 
isation will lead to stagnation. The search for 
improved designs will doubtless continue and there 
is likely always to be some difficulty in preserving 
a design as standard long enough for the full benefits 
of standardisation to be reaped. 

In the near future, the Railway Executive will 
appraise all existing classes with a view to eliminat- 
ing those which it is not desired to perpetuate. It 
seems that they will favour simple locomotives, 
easy to maintain and low in capital cost, but con- 
sideration will have to be given to Mr. Bulleid’s 
** Leader ”’ class of tank engine with multiple cylin- 
ders and two bogies, which has been designed to 
compete with electric locomotives on the Southern 
Region. Extensive schemes of further electrification 
have, however, already been drawn up for that 
Region. The Railway Executive hope to stan- 
dardise 12 classes of steam locomotives. It does 
not follow from this statement, however, that, 





several decades hence, there will be considerably 


fewer classes of locomotives in use, although that i, 
obviously the object of standardisation. Whether 
or not that is achieved will depend on the frequency 
of introduction of new standard designs, and with 
gas-turbine, Diesel and electric locomotives to be 
tested, and with a fuller understanding of the theory 
of steam locomotives, it will not be easy to accept 
to a low frequency. 

Iu choosing such a small number of standard 
designs as 12, the requirements of the motive-power 
department must be considered. Colonel Rudgard’s 
main contentions were that the availability of loco- 
motives must be improved, and that the time-tables 
of passenger and freight trains must be recast to make 
the most efficient use of locomotives as revenuc 
earners. ‘‘ Utilisation” is a convenient word used 
in the United States in association with “ avail- 
ability’; it means the percentage of total time 
that the locomotive is actually in operation. The 
more efficiently train schedules are arranged, the 
nearer will “ utilisation ” approach “ availability.” 
An example of what can be achieved in this respect 
was provided by the performance of the first main- 
line Diesel-electric locomotive in this country, 
No. 10000, of the London Midland Region, only a 
few months after its introduction. By working 
four conveniently timed trains each week-day, 
between Derby and London, it ran 3,100 miles per 
week. When Colonel Rudgard stated that he was 
unable to achieve 100,000 miles per annum with a 
4-6-2 steam locomotive, presumably he meant that 
the availability of the locomotive, not its utilisa- 
tion, was the reason. When using the terms 
‘availability ” and “‘ utilisation,” it is important 
to state the basis of calculation. Two examples of 
the use of “‘ availability " were given ih the address. 
It was stated that, on a particular occasion, 81-7 
per cent. of the whole British Railways operat- 
ing stock, including steam, Diesel, and electric 
locomotives and rail motors, were available for the 
whole 24 hours. This figure, however, is quite 
different from the availability of a single loco- 
motive or even the average availability of all 
locomotives. Table I of Colonel Rudgard’s paper 
showed that the average availability of certain 
express passenger engines was about 70 per cent. 
Utilisation would be somewhat less. 

The 18-3 per cent. of locomotives which were not 
available for the whole 24 hours were in several 
categories. The proportion in the shops, under- 
going repairs, was 4-6 per cent; a figure which 
probably admits of little improvement, except 
over a long period by improving locomotive design 
and rationalising the multiplicity of designs— 
themselves the result of the rationalising policy, 
only partly achieved, of the former main-line 
companies. ‘Lhe objectives must be to lengthen the 
mileages between shoppings, and to reduce the time 
taken for “heavy” and “service” repairs. The 
percentage “at sheds, awaiting shops,” was 1-6 per 
cent. It was not altogether clear from the table 
reproduced in the original paper whether all these 
engines were definitely off the road. If, as it seems, 
they were, then there must alse have been other 
locomotives awaiting shopping but still in traffic, for 
which statistics are not given. It is not possible 
to appreciate the significance of the figure of 1-6 
per cent. without more detailed information on the 
methods of compiling the statistics. It may mean 
that the shops are overloaded (since the proportion 
actually in the shops is only 4-6 per cent.), or it 
may be that, owing to a seasonal, or other, fall in 
traffic, the running sheds have more than ample 
motive power and can afford to take an engine off 
the road well in advance of its departure to the 
shops. An analysis of the locomotives coming 
within the 1-6 per cent., however, would enable the 
shopping system, among other factors, to be ap- 
praised, by indicating the number of locomotives 
fon which the need for shop repairs had been foreseen, 
and the number which, perhaps owing to sudden 
failures, required unforeseen repairs. Here again, 
and in the category “standing at sheds awaiting 
material ” (1-8 per cent.), Tationalisation of designs 
should eventually lead to improvements. It will 
become more and more practicable to hold economi- 
cal but adequate stocks of repaired boilers and other 
components for all classes of locomotives, although 





not for some years hence. 


“sep ompmo mwa eee ewes 


oun ne a hee oe eee oe oe eo we ee oe ae ae eS 











_Jam. 28, 1949. 


ENGINEERING. 





87 











NOTES. 


Toe James Watt MEDAL. 

On the nomination of the Swedish Society of 
Engineers, the Council of the Institution of Mech- 
anical Engineers, have awarded the James Watt 
International Medal to Dr. Fredrik Ljungstrém 
* for his outstanding contributions to the develop- 
ment of mechanical engineering, the most notable 
of which are the air preheater which bears his name 
and the steam turbine developed jointly with his 
brother, the late Birger Ljungstrém.” Dr. Birger 
Ljungstrém, it will be recalled, died as recently as 
last November ; an obituary notice of his career, 
with portrait, appeared in our issue of December 10, 
1948, but, unfortunately, was in error to the extent 
of attributing to him the invention of the air 
preheater developed by his brother. Dr. Fredrik 
Ljungstrém is the seventh recipient of the James 
Watt Medal, which is of gold and was instituted 
in 1936 to mark the bi-centenary of Watt’s birth 
on January 19, 1736; it is customary to make the 
award at intervals of two years, and to announce 
it on January 19. The previous recipients were 
Sir John A. F. Aspinall, who received it in 1937 ; 
Henry Ford ; Professor Aurel Stodola ; Mr. A. G. M. 
Michell; Dr. F. W. Lanchester; and Professor 
Stepan Timoshenko. In making the awards, the 
Institution of Mechanical Engineers have the colla- 
boration of the corresponding professional engineer- 
ing institutions in other countries. 


Tue Tuomas Lowe Gray Lecture. 

“Marine Engineering in the Royal Navy: A 
Review of Progress During the Last Twenty-Five 
Years,” was the title of the Twenty-First Thomas 
Lowe Gray Lecture, which was read at a general 
meeting of the Institution of Mechanical Engineers 
on Friday, January 21, by Eng. Vice-Admiral Sir 
John Kingcome, K.C.B., M.I.Mech.E., with the 
President, Captain (E) William Gregson, R.N.R., 
M.Sc., in the chair. The lecture covered the period 
from 1922, thus forming a continuation of the ac- 
count given by Eng. Vice-Admiral Sir Reginald 
Skelton in the Third Thomas Lowe Gray Lecture, 
delivered in 1930. During the period, the predomin- 
ance of the steam engine for propulsion continued 
in the Navy, and although the internal-combustion 
engine was used in increasing numbers in the 
Merchant Navy, it was challenged in 1947 by the 
appearance of the first naval vessel to be propelled 
by a gas turbine. Sir John Kingcome reviewed 
the principal requirements in naval vessels— 
reliability, economy at full power (owing to the 
overriding importance placed on weight saving as a 
result of the Washington Treaty of 1921) and 
durability. In spite of the unfavourable conditions 
after the 1914-18 war, steady progress was made. 
For example, the main engines and boilers of the 
Queen Elizabeth, as designed in 1914 before the 
adoption of superheated steam and geared turbines, 
provided a shaft output of 26 h.p. per ton; after 
conversion this figure had been increased to 51 shaft 
horse-power per ton, and that for a modern large 
ship is 60 shaft horse-power per ton. Steam tem- 
peratures and pressures were raised between the 
wars ; the experience gained with the experimental 
unit fitted to the destroyer Acheron, using steam 
at 500 lb. per square inch and 750 deg. F., being of 
great value in this respect. Nevertheless, money 
and facilities for this type of work were inadequate. 
Advances in this direction having been achieved 
only “ step by step,” at the outbreak of the 1939-45 
war large ships were using steam at 400 lb. per 
square inch and 700 deg. F., and destroyers used 
steam at 300 lb. per square inch and 650 deg. F. 
By the end of the war the steam conditions in 
British destroyers were raised, and the establish- 
ment of the Parsons and Marine Engineering Turbine 
Research and Development Association (Pame- 
trada) should facilitate further advances in the next 
decade. Progress in boiler design has made the 
major contribution to the large savings in weight 
and space in naval machinery during the past 
25 years. From the Nelson, the first new ship 
to be built after 1918, to modern capital ships, 
the boiler efficiency has been increased from 73 per 
cent. to 85 per cent., and the evaporation from 
and at 212 deg. F. per pound of boiler weight has 








increased from 0-92 lb. to 1-74 Ib. per hour. 
the 1914-18 war, impulse turbines were fitted 
in the first four ships; owing to serious blade 
failures, however, reaction turbines came back for 
most new designs. The relative merits of the two 
types are again under consideration in connection 
with the latest destroyer design, and three different 
arrangements will be fitted to provide experience of 
the two types. There is room for improvement in 
the design of main gearing, especially in reducing 
noise, and the Admiralty Vickers Gearing Research 
Association has been established to investigate gear- 
cutting machines and methods. Sir John Kingcome 
concluded with a review of progress in machinery for 
submarines and light vessels, and the experience 
of the 1939-45 war. A vote of thanks to the 
lecturer was proposed by Dr. H. J. Gough, C.B., 
M.B.E., F.R.S., seconded by Dr. D. R. Pye, ©.B., 
M.A., F.R.S., and carried by acclamation. 


After 


THe Economic State OF THE NATION. 


The Chancellor of the Exchequer (the Rt. Hon. 
Sir Stafford Cripps, M.P.) presented a long statement 
reviewing the country’s economic progress during 
1948 to a Press conference on Thursday, January 13 ; 
and specified the tasks which confronted the nation 
during the coming year. Generally speaking, the 
retrospect is encouraging, since it shows that the 
huge adverse balance of 6301. million in 1947 has 
probably been reduced to below 100/. million, 
although it is still too early to give exact figures. 
Further, and even greater, efforts, however, are 
needed to weather the storm, since production in 
most industries fell short of the estimates. In fact, 
among the large industries it was only steel which 
exceeded the set task. Nevertheless, 1948 was a 
year of great and sustained industrial activity, and, 
when the difficulties of shortages and controls that 
still affect our trading are remembered, congratu- 
lations may be offered to both managements and 
men for their efforts. The Chancellor pointed 
out that a new feature had been introduced into 
our post-war economic story during 1948, namely, 
the virtual stabilisation in size of the total working 
population. Civilian employment at the end of 
October stood, he said, at the record level of 
19,200,000, and no significant further increase can 
be counted upon as a means of increasing production. 
The emphasis, therefore, has shifted to a larger 
production per head ; and it is satisfactory to learn 
that, during the past year, net productivity increased 
by about 5 per cent. The achievement of at least 
this increase in productivity during the coming 
years is as vital to our continued success as is the 
increase of our exports to hard-currency markets. 
High productivity and more exports for dollars 
may indeed be regarded as the prime goals for 1949. 
Reviewing the work of the various industries in 
more detail, the Chancellor said that the output 
target for coal had been raised, but the export 
target had been maintained only by running down 
stocks. On the other hand, the steel industry had 
made an outstanding contribution to the general 
increase in industrial output, the target of 14,500,000 
tons having been surpassed by nearly 380,000 tons, 
or 2} per cent. There had been a general expan- 
sion also in the machinery making trades, the 
increase over 1947 being somewhat higher than the 
increase in the latter year over 1946. Production 
of passenger vehicles during 1948 was at the rate 
of 17 per cent. above that of 1947, and that of 
commercial vehicles was 10 per cent. higher. On the 
whole, it would seem that the corner has been 
turned ; and that although we have still to face 
austerity we are not continuing to drift towards 
disaster. 

Hypro-E.ectric DEVELOPMENT IN SCOTLAND. 

The Glascarnoch-Luichart-Torr Achilty project, 
which is Constructional Scheme No. 16 in the 
programme of the North of Scotland Hydro-Electric 
Board, was confirmed by the Secretary of State 
for Scotland (the Rt. Hon. A. Woodburn) in an order 
published on Friday, January 21. This scheme, 
which is the second largest of those with which 
the Board is concerned, includes a further develop- 
ment of that part of the County of Ross and 
Cromarty already included in the Loch Fannich 
programme, and covers a catchment area of 345 sq. 
miles, in which the resources of the Rivers Conon, 


Meig, Bran, Glascarnoch, Carron Broom and their 
tributaries will be utilised. The Glascarnoch section 
of the scheme will include a new loch formed in 
Strath Vaich, where a dam 70 ft. long will be built. 
The water will be led thence to a reservoir in the 
Glascarnoch valley, which will be formed by 
constructing a 90-ft. dam near Aultguish Inn. 
This reservoir will also be supplied by an aqueduct 
from Loch Droma, which is to be enlarged. A 
tunnel, about 5 miles long, will then carry the water 
to Glascarnoch station at the head of Loch Luichart. 
This station will have a capacity of 24 MW, while 
a second station of the same size will be situated 
below the junction of the River Conon and River 
Meig, and others will be built at Grudie Bridge, 
near the t Fannich station, and on the River 
Conon at Torr Achilty. The centre of the whole 
project is, however, Loch Luichart, as all the other 
lochs and reservoirs involved will lead into it. It 
will also receive water from the Board’s Loch 
Fannich scheme (Constructional Scheme No. 3). 
This means that the waters from Loch Fannich will 
be used three times—at the Fannich station near 
Grudie Bridge; at the Luichart station on the 
River Conon; and at the Torr Achilty station, 
wnich is to be incorporated in the 45-ft. dam across 
the Conon. As a result of building a dam across 
the eastern end of Loch Luichart, its level will be 
raised 36 ft. It will consequently be necessary to 
divert the railway to Kyle of Lochalsh, which runs 
near the loch for some distance at its western end. 
When fully developed, the scheme will have an 
average annual output of 280 million kWh. 


ProGrReEss IN THE British CEMENT INDUSTRY. 


A satisfactory account of the position of the 
cement industry in the United Kingdom was given 
by the chairman of the Cement Makers’ Federation 
(Lord Selborne) at a Press conference on Friday, 
January 21. He pointed out that cement was the 
only material of which there had never been a 
national shortage during the war, a result. which he 
contended was due to planning ahead. The same 
policy had resulted in the production of Portland 
cement reaching 8,521,543 tons during 1948. This 
was an all time record, of which they were very 
proud. It was 3-8 per cent. higher than the figures 
for the best previous year—8,212,366 tons in 1939— 
and it was worth noting that it had been obtained 
with less plant. New works and extensions, how- 
ever, were already in hand; and it was estimated 
that the output during the present year would 
reach 9,000,000 tons. It was also worth noting 
that in the study of comparative productivity 
published in the Review of the International Labour 
Office for September, 1948, Portland cement was 
the only British industrial product which was cited 
as comparing favourably for output per employee 
with production in the United States. Home deli- 
veries during 1948, including 53,377 tons imported 
from Germany by arrangement with the Ministry of 
Works, were 6,961,776 tons, or 7-2 per cent. above 
the average of the pre-war years and 13-3 per cent. 
above 1947, although they were 8 per cent. lower 
than in 1939, when normal trade was booming and 
we were re-arming. The export figures were also 
noteworthy, being 1,628,200 tons, or 47-4 per cent. 
above 1946, 88-3 per cent. above 1947 and no less 
than 137-6 per cent. above the average of the five 
pre-war years. These exports had been made after 
satisfying the home requirements (chiefly for hous- 
ing and public works) of the Ministry of Works. 
Lord Selborne added that though the cost of coal 
had increased greatly the price of cement at the 
present time was not more than 65 per cent. above 
the pre-war figure, a result which could be ascribed 
to the efficiency of their manufacturing methods 
and organisation. 


INTERNATIONAL Exectric Powrer SuPrty IN 
EvRope. 


Ways and means of relieving the critical shortage 
of electric power in Europe, a shortage which 
threatens to hamper the industrial recovery of the 
Continent, have been under consideration for some 
time by the Electric Power Committee of the United 
Nations Economic Commission for Europe at 








Geneva. As a result, two large schemes for the 
development of hydro-electric power have recently 
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been laid before the International Bank for Recon- 
struction and Development. Both these schemes 
are situated in western Austria : one on the Liinersee 
has a capacity of 150 MW and the other in the 
Otztal has an initial capacity of 372 MW. The 
ultimate aggregate output from both schemes is 
estimated at 2,000 million kWh per annum, two- 
third of which will be exported to the Bizone. 
The remainder, while primarily earmarked for 
Austrian use, may also provide surpluses for export 
to Italy or Switzerland. That part of the electricity 
which is to be consumed in the Bizone will be 
transmitted at 220 kV to three German companies, 
who will be responsible for its distribution. The 
committee is at work on a number of other schemes. 
These include pit-head stations in the Rhineland 
and Silesia, the output of which will also be largely 
used for export. As regards the financing of the 
Austrian schemes, it is hoped to secure credits 
covering part of the cost from the International 
Bank, but in any event substantial investment will 
also have to be obtained from other foreign and 
domestic sources. In this connection it should be 
mentioned that at a recent meeting in Innsbruck 
between the Austrian Federal and Land Govern- 
ments and the German Bizonal Authorities, it was 
recommended that two-thirds of the total invest- 
ment in Austria should come from loan and the 
remainder from share capital. General agreement 
was also reached on technical matters, constructional 
costs, markets-and prices. As we have said, the 
matter is now in the hands of the International 
Bank, and their decision will be awaited with 
interest. In view of the size of the investments 
involved, and the complexity of the projects, not 
to mention the possible difficulties arising from the 
absence of a Great Powers Austrian Treaty, it 
would be over optimistic to expect final financial 
arrangements to be completed in the near future. 


Tue Fourta Empire Mining anp METALLURGICAL 
ConGREss. 

The Empire Council of Mining and Metallurgical 
Institutions have now issued a detailed programmie 
for the Fourth Empire Mining and Metallurgical 
Congress, which is to be held in London from July 9 
to 12, and in Oxford from July 13 to 17, and will 
be followed by a number of excursions to places of 
technical and general interest to the delegates, 
which will occupy them until July 23. The honorary 
President of the Congress is the Prime Minister 
(Mr. C. R. Attlee), and the President is Sir Henry 
Tizard, G.C.B., F.R.S., chairman of the Govern- 
ment’s Advisory Council on Scientific Policy. Sir 
Clive Baillieu, K.B.E., who is the chairman of the 
Empire Council of Mining and Metallurgical Institu- 
tions, is acting as treasurer of the Conference, the 
secretarial offices of which are at 436, Salisbury 
House, Finsbury-circus, London, E.C.2._ The chief 
object of the Congress, it is stated, is to afford an 
opportunity for scientists, engineers and others 
concerned with the mining and metallurgical 
industries to meet and discuss technical 
and problems, “‘ including the development of the 
mineral resources of the Commonwealth.” The 
last-mentioned item appears as the first of the main 
topics listed for discussion (the word ‘‘ Empire,” 
presumably, could hardly be dropped from the title 
of the Congress at this stage, and it persists occasion- 
ally in the programme). Other leading subjects 
include modern methods of prospecting, the effects 
of heat and humidity on persons employed in deep 
mines and in metallurgical processes, reserves and 
extraction of petroleum and coal, and present-day 
trends in mineral dressing. The headquarters of 
the Congress will be at Grosvenor House, Park-lane, 
London, where the President will receive the official 
delegates on the morning of Saturday, July 9. In 
the evening of the same day, there will be a Govern- 
ment reception, but there will be no further official 
functions until the inaugural meeting and presiden- 
tial address at Grosvenor House on the morning of 
Monday, July 11. The afternoon of July 11 will 
be devoted to the Underground Mining Machinery 
Exhibition at Earl’s Court, which is being organised 
by the Council of Underground Machinery Manufac- 
turers, and in the evening there will be a banquet 
at Guildhall. On July 12, the delegates will 
visit an exhibition of coal resources and of coal 


Research Laboratories before leaving in the after- 
noon for Oxford, where the technical sessions will 
be held. At Oxford, the Congress headquarters will 
be in the premises of the Oxford Union Society. 
There will be two technical sessions daily on July 13, 
14 and 15, and one technical session and a closing 
session on Saturday, July 16. In addition to 
various evening lectures and visits, there will be a 
civic reception on July 13 by the Mayor of Oxford 
and, in the afternoon of July 14, a garden party and 
reception by the Oxford Branch of the English- 
Speaking Union. On Sunday and Monday, July 17 
and 18, the various excursion parties leave Oxford 
for their several destinations ; to Newcastle, Cardiff, 
Edinburgh and Cornwall on the Sunday, and to 
Manchester, Sheffield and Stratford-on-Avon (includ- 
ing an extensive tour of Birmingham and its 
environs) on the Monday. Further particulars, 
application forms, etc., may be obtained from the 
General Secretaries to the Congress at the address 
given above; and it should be noted that the 
final date for enrolment is March 1, 1949. 





LETTERS TO THE EDITOR. 
THE METRIC SYSTEM. 


To THE Eprror oF ENGINEERING. 


Sm,—In your issue of December 3 , 1948, Dr. 
H. S. Rowell was moved to expostulate that, in 
meeting objections to the metric system, I have 
brushed aside logic, right and wrong, and even 
history ; it is with particular pleasure, therefore, 
that I observe in your issue of January 7, on 
page 16, ante, that Mr. R. H. Parsons, though not 
predisposed to support my conclusions, thoroughly 
endorses my contention as to the grounds on which 
a decision should be based. No less firmly than I 
did, he rules out ideological, moral and ethical 
considerations and calls for “‘ statistics of producti- 
bility.” He does not actually mention history, 
but it is clear from the stark realism of his approach 
that he regards the historical trimmings as being 
just as irrelevant as I do; and if his “‘ statistics of 
productibility ” differ at all from my own “ opera- 
tional research,” it is only in the increased emphasis 
that I wished to lay on the effort needed to disen- 
tangle the significant factors from the irrelevant 
ones, 

His example of the booking clerks illustrates 
my point. Does he seriously expect us to believe 
that those on British railways are more efficient 
than their fellows in America and Canada, simply 
because these unfortunates are handicapped by a 
decimal currency ? If he attributes to the decimal 
system the heavy work with pencil and paper seen 
on some European railways, he is only jumping 
to a false conclusion through ignoring intervening 
factors, such as differences of price level and of 
the grades of labour employed. However, I 
welcome Mr. Parsons’ realism. All that I have 
asked amounts to no more than that a similar 
realism should be brought to bear on a deep probing 
of the whole system, especially in those regions 
where faults have been reported, namely, those 
where science and industry meet and ought to run 
together, and those where industry overflows 
national boundaries. If only Mr. Parsons will con- 
tinue to press for a sound policy of this kind, he 
may be assured of the backing of supporters of the 
metric system, and we may really get somewhere. 

Yours faithfully, 
L. HARTSHORN. 
34, Broad-lane, 
Hampton, Middlesex. 
January 12, 1949. 





THE USE OF WAR-DISPOSAL 
MACHINE TOOLS. 


To THE Eprror oF ENGINEERING. 


Sim,—During the war years the demand for gear- 
grinding and spline-grinding machines was extremely 
heavy and the output of our machines was many 
times more than any normal consumption. A great 
many of the machines have been offered for disposal 





analysis and processing in the Powell Duffryn 





Many purchasers have been buying such machines, 
without due knowledge that some of them were 
built for special requirements ; with very unsatis- 
factory results to themselves and, unfortunately, 
sometimes giving rise to rather wrong impressions 
of our desire to co-operate with any users of our 
machines. 

What happens in so many cases is; a user buys 
one of these machines at wha‘ is apparently a 
very low figure indeed ; then, when he wants to start 
it up, gets in touch with us. Invariably we find 
inaccuracies, shortage of the right equipment, and 
sometimes machines which cannot be adapted at 
all, having been built for a particular job. The 
position has become a very acute one and, unfor- 
tunately, we now have to take steps to advise that 
we can take no responsibility for the proper opera- 
tion of machines which are bought without consulta- 
tion with us. All of this can be very expensive 
and sometimes unsatisfactory tc both the user and 
ourselves. 

I have no doubt that there are other manufacturers 
of specialised machines who are finding themselves 
in similar difficulties. I am writing this letter, 
therefore, in the hope that you will publish it and 
that it will be a helpful guide to potential users of 
our and other specialised machines. 

Yours faithfully, 
For THE Gear GRINDING ComPaNy, LImrIrEp, 
A. H. Orcorr, 
Managing Director. 

Cranmore Boulevard, 

Shirley, 
Birmingham. 
January 19, 1949. 





THE COOLING OF CIRCULATING 
WATER. 


To THE Eprror oF ENGINEERING. 
Sm,—In reply to the comments on my paper, 
contained in Mr. B. Wood’s letter published in 
your issue of January 21, on page 64, I would 
agree with him, almost entirely, if the cooling 
ponds considered in the paper were merely wind- 
swept, but otherwise undisturbed, sheets of water 
of dimensions LD. Actually, no such idea was 
contemplated. On the contrary, I was dealing with 
spray ponds in which the spray was cooled, and 
the ponds were there merely for collection of the 
cooled water. The spraying of the water is arranged 
to ensure maximum contact surface, and contact 
time, between the warm water droplets and the 
cooling air. In the larger spray ponds a greater 
concentration of spray nozzles is possible than in 
the smaller ponds, principally because of the 
excessive loss of water which would be carried away 
from the small pond by the slightest wind. For 
these reasons chiefly, the specific cooling capacity 
increases with pond size to a maximum value for 
ponds rated for 150,000 gallons per hour. 

I am familiar with the work of Powell and 
Griffiths* and the later work of Wadeft and Chak- 
ravorty,t in which they have shown that, for a 
reasonable charge in the size of the surface, 
the rate of evaporation was proportional to the 
breadth to the power of 1 and to the length to the 
power of 0-77 (Chakravorty 0-75). These indices, 
1 and 0-77, were not constants ; they depended on 
the air velocity and, to some extent, on the size 
of the surface, which, I repeat, was a quiescent one. 
Mr. Wood: has been most unfortunate in finding 
‘so many cooling ponds have failed to attain the 
stated performance.” He might in future achieve 
the desired performance by the use of more effective 


and efficient spray equipment. 
ie Yours faithfully, 
J. LEYLAND. 
31, Meadway, 
Upton, Wirral, 
Cheshire. 


January 26, 1949. 





* R. W. Powell and Ezer Griffiths, Trans. Inst. Chem. 
Eng., vol. 13, page 175 (1935). 

+ 8. H. Wade, Trans. Inst. Chem. Eng., vol. 20, page 1 
(1942). 

t K. Chakravorty, Jl. Imp. Coll. Chem. Eng. Soc., 





through the Government Pool and the auction sales. 


vol. 3, page 46 (1947). 
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THERMIC DRILLING OF CONCRETE. 
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~ 'THERMIC DRILLING 
OF CONCRETE AND STONE. 


Txermic drilling is the name applied to the method 
of making holes in concrete, stone, etc., by fusing the 
heated end of a steel tube which is filled with iron 
wire, ox under pressure flowing down the tube 
to cause the fusion of the end which is in contact with 
the material being drilled. The iron and the material 
form a free-flowing slag, which is blown out of the hole 
by oxygen supplied in excess of that required for 
fusing. To start the process, the end of the “‘ lance ” 
is heated to bright red by an oxy-acetylene torch, 
and the oxygen is turned on. A demonstration of 
the was recently staged at a site near London, 
to enable the photograph reproduced on this page to 
be taken. The operator and equipment were grouped 
together for demonstration — although nor- 
mally the oxygen cylinders would be placed some dis- 
tance away for safety and convenience. 

The method offers certain advantages over others, 
notably that in reinforced concrete, where a pneumatic 
drill can only succeed by following a path which misses 
the, reinforcing steel, thermic drilling becomes more 
economical the more reinforcing steel there is, owing to 
the fact that less tube is used—some of the iron for 
fusing being in the concrete in the form of reinforce- 
ment. Furthermore, the process is silent in operation, 
an advantage particularly for military use, or in any 
locations where the noise of pneumatic drills is unde- 
sirable ; it will operate under water; it is generally 
more rapid than pneumatic drilling ; the apparatus is 
very simple and requires no t skill to use. Thermic 
boring was developed by the Liquid Air Company in 
Paris, towards the end of the 1939-45 war, in prepara- 
tion for the task of demolishing the heavy reinforced- 


concrete fortifications which the Germans had built in | i 


France. Holes were drilled by the thermic process for 
inserting explosive charges. 

It is a comparatively expensive process and will 
certainly not wholly displace other methods; owing 
to its unique advantages, however, it will no doubt 
continue .to be used for certain purposes. In this 














country, the development of thermic boring was 
entrusted to Messrs. M. Semet and Company, Limited, 
2, Caxton-street, London, S.W.1, and since the war 
this firm have arrai a number of demonstrations 
on different materials for the benefit of interested 
engineers. The results of some of these demonstrations 
are summarised in this article, but first a few notes on 
the genera] principles of the process have been extracted 
from a paper on “ Thermic Drilling of Concrete and 
Stone,” which was presented to the Institution of 
Structural Engineers on February 6, 1947, by Mr. 
Maurice Lebrun. 

Thermic drilling is an adaptation of the ee 
process for melting out the tap holes of blast furnaces—, 
a long-established process. The principal difficulty 
in adapting the process was in determining the relative 
sizes of the iron tube and wires so that the rates 
at which the tube and wires burned away were similar. 
Another condition of success was the formation of a 
slag which was sufficiently fluid to be readily ejected 
from the hole. A typical analysis of a slag produced 
from concrete was: free iron, 0-36 per cent.; SiO,, 
25-30 per cent.; FeO, 24-25 per cent.; Fe,0,, 44-80 
per cent. The remainder—5-29 per cent.—was 
composed of Al,O,, MgO and CaO. The theoretical 
quantity of oxygen required for the fusion of the iron, 
to produce these proportions of iron oxides, is 277 litres 
per kg. of iron (4-4 cub. ft. perlb.). Tests showed that 
the oxygen consumption was 600 litres per kg. (9-6 
cub. ft. per lb.) ; therefore, 323 litres per kg. (5-2 cub. ft. 
per lb.) had been used to clear the slag. The weight 
of concrete melted per kilogramme of iron was 0-6 kg. 
(0-6 lb. concrete per lb. of iron), “‘ taking no account 
of volatilisation.”” It was found that the formation 
of iron silicate increases the fluidity of the slag; thus 
a high proportion of silica in the material to be drilled 
is an ivathiap. 

Oxygen is generally supplied from a bank of three 
cylinders through reducing valve ; thence through a 
flexible tube to a short steel tube to which the lances 
are screwed as required. This short steel tube, 
called the lance-holder, may be provided with a valve 





and a simple handle, in the form of a short piece of 


tube welded to it in a vertical position, to enable the 
operator to manipulate the lance. It is an advantage to 
be able to rotate the lance in the hole, as it assists the 
fusing and the ejection of the slag. The lance tubes 
are standard gas pipes, of } in., } in., } in., or occa- 
sionally 1 in. size. They are used in 9-ft. or 10-ft. 
lengths, and are threaded at both ends for connecting 
them together in longer lengths. The iron wires with 
which they are filled are 3 to 4 mm. in diameter (about 
tin.). They must not be packed too tightly, but must 
leave sufficient room for the oxygen to flow. Con- 
sidering the cross-section of the tube: 35 per cent. of 
the internal area of a } in. tube is open to the flow of 
oxygen; similarly, 32 per cent. of the }-in. tube, 
25 per cent. of the 3-in. tube, and 22 per cent. of the 
l-in. tube. In some cases, the wires have been twisted 
to impart a helical flow to the oxygen. This is suitable 
for burning through a preponderance of steel with 
only a small quantity of stone or concrete ; forexample, 
at the joints of steel sheet piles, where cement and stones 
make it difficult for an ordinary oxy-acetylene blow- 
pipe to work. Mr. Lebrun gives the following figures 
as average results when drilling in reinforced concrete : 
a hole 2 in. in diameter and 3 ft. long is drilled in 
10 minutes, and requires 210 cub. ft. (6 cub. metres) 
of oxygen, and 10 kg. of steel (22 Ib.),i.e., 21 ft. of the 
q-in. gas tubing with wire. 

Messrs. M. Semet and Company, Limited, state that 
horizontal holes can be bored up to 15 to 20 ft. in 
length, although it is helpful if the hole is inclined 
upwards at an angle of 5 to 10 deg., after about the 
first 5 ft., so that the slag will flow out freely. When 
boring vertically, the amount of excess oxygen must 
be rather greater to ensure that the slag is blown out. 
For a depth of 8 to 10 ft. there is no difficulty in thermic 
drilling, but beyond that depth some trouble is experi- 
enced in removing the slag. In such cases, the lance 
holder is fitted with an extra valve and connection, 
through which a small quantity of water under pressure 
can be injected occasionally. On reaching the burning 
end of the lance the water “‘ flashes ’’ into steam, the 
**explosion”’ ejecting the slag with some violence. 
The diameter of the hole drilled depends primarily on 
the size of lance, but also on the handling of the lance 
and the nature of the material. The hole is not, of 
course, regular and smooth like a drilled hole in metal, 
but is rather irregular. For general , & f-in. 
lance is used; it produces a hole 2} in. to 3 in. in 
diameter. The net rate of penetration is about 1} 
minutes per foot, the quantity of lance consumed is 
6 to 7 ft. per foot bored, and of oxygen—23 cub. fe. 
per foot bored. When boring verti , the consump- 
tion of lance and oxygen is generally similar until] a 
depth of about 8 ft. is reached; from there to about 
15 ft., the consumptions are about 8 to 10 ft. of lance 
and 30 to 32 cub. ft. of oxygen per foot drilled. It is 
usual, in thermic drilling generally, to have two lance- 
holders coupled to the bank of cylinders, the operatoz 
using them alternately while assistants fit fresh lances. 
Thus, when one lance is burnt out and is to be followed 
by another, the concrete and slag are not allowed to 
cool down and solidify. It is most important at all 
times to avoid freezing of the slag, otherwise the lance 
may become fixed. A second lance is shown in the 
foreground of the illustration. 

One of the first large contracts undertaken by the 
firm was the drilling of about 1,200 holes, varying from 
3 ft. to 28 ft. in length, in reinforced concrete at a Lon- 
don gasworks. Some reinforced-concrete beams were 
to be strengthened, and for this purpose it was neces- 
md to make holes 2 ft. 6 in. by 1 ft. 3in. by 4 ft. long, 
and others 14 in. by 14 in. with a length of from 3 ft. to 
28 ft. These large holes were to be cut by drilling a 
series of holes around the periphery, at about 3-in. 
centres. The centre block would then be easy to 
remove. Several preliminary tests of thermic boring 
were carried out in June, 1947, to satisfy those con- 
cerned that the process was suitable. Some jiculars 
of the tests—which were favourable, and led to the 
contract being carried out—are given below. It was 
found that a pressure of 120 lb. per square inch was 
required at the connection from the three cylinders, 
on the delivery side of the reducing valve, although 
it was probable that the pressure in the lance was 
reduced to about 70 Ib. per square inch by the operator’s 
valve in the lance holder. 


In a test on June 23, 1947, a 2-in. hole was bored 
through a reinforced-concrete block 6 ft. 2 in. thick. 
Owing to restricted 5 , it was not possible to use a 
lance longer than 9 he. (As a hole becomes deeper, 
the length of ‘‘ wasted” lance becomes longer, but 
the ‘‘ waste’ piece is subsequently screwed on to the 
end of a fresh lance.) The first two lances made a 
hole 3 ft. 10 in. long in 7 minutes, 14 ft. 3 in. of 
lance and 150 cub. ft. of o " e third lance 
extended the hole to 4 ft. 4in. in 3 minutes, consuming 
6 ft. 6 in. of lance and 56 cub. ft. of oxygen. The 
fourth lance pierced the block in 1 minute, at a depth 
of 5 ft. 2 in., consuming 2 ft. 6 in. of lance and 56 
cub. ft. of oxygen. Thus, 23 ft. 3 in. of lance and 
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262 cub. ft. of oxygen were required, and the net 
time of the whole operation was 11 minutes. The 
operator at first wore an asbestos suit, but he found it 
extremely tiring to work in, and it was eventually 
diananded in favour of a thin sheet-iron screen. 

For another test, a hole 14 in. by 14 in. and 6 ft. 
long in reinforced concrete was to be prepared. It 
was found that by increasing the pressure of the oxygen 
at the reducing valve to 150 lb. per square inch, and 
by slightly reducing the rate of penetration, all slag 
was effectively discharged and the hole was larger in 
diameter—an advantage when burning a “‘ chain” of 
holes. Six lances were used for the first 6-ft. hole. The 
net burning time was 15 minutes, and the total time 
was 40 minutes. The total length of lance used was 
50 ft., and the quantity of oxygen consumed was 
300 cub. ft. After two days’ work, a sufficient number 
of holes had been prepared to enable the central block 
to be removed. The total quantities of materials 


consumed were: 718 ft. of lance and 3,465 cub. ft. of | p 


oxygen. The difficulty of making such a large hole 
in reinforced concrete, if a pneumatic drill were to be 
used, will be appreciated. Some tests carried out at 
the gasworks on August 25, 1947, indicated that a 
}-in. lance filled with 29 10-s.w.g. wires bored faster, 
and required only half the oxygen, compared with one 
filled with 17 8-s.w.g. wires, although a greater length 
of the former than of the latter was required per foot of 
hole burned. This result, however, was not regarded 
as entirely conclusive. ; 

On December 30, 1947, some tests were carried out 
on various types of materials at the Bentley Works, 
Doncaster, of the Cementation Company, Limited. 
The following conclusions were drawn from these 
tests. The average net rates of drilling were: 4-1 in. 
per minute for concrete ; 13 in. per minute for brick- 
work ; and 2-3 in. minute for rock. Only in the 
case of the deep holes was it n to renew the 
lance, a change being made about every foot of hole 
and requiring about four minutes to effect. The 
lack of silica to form the slag with iron, in the case of a 
high-alumina cement-grout cube, a high-alumina 
cement-limestone cube, and a limestone rock, did not 
seem to affect the rate of drilling. The oxygen con- 
sumption was approximately 50 cub. ft. per foot of 
drilling. The lance consumption was about 10 ft. per 
foot of drilling, i.e., 9-1 Ib. of metal per foot of hole. 
It was found that the process could be operated success- 
fully by two men. No great difficulty was experienced 
in drilling vertical holes, but it was not possible to drill 
downwards at an angle of, say, 45 deg. This was due 
to the fact that the molten slag ran down to the 
lower side of the hole, while the excess oxygen esca 
along the upper side; it was therefore difficult to 
clear the hole. The process cannot be used economic- 
ally where there is not much space in front of the 
job, because a 10-ft. lance is required for a foot of 
drilling. Neither can the process be used for drilling 
holes for liquid-injection purposes, because the slag, 
after solidification, is impervious. The molten slag 

urs from the hole continually and is at a temperature 
of about 1,000 to 1,200 deg. C. It spatters the floor 
for several yards around, and on certain jobs precau- 
tions against fire would have to be taken. The process 
appears to be ideal for demolition work in places where 
percussion drilling would not be possible at a reasonable 
cost. Furthermore, as already noted, the presence of 
reinforcement, which would cause difficulty with 
percussion drilling, is no hindrance to the thermic 

illing process. j 

In June, 1948, a demonstration was arranged for 
the Ministry of Supply and certain Service representa- 
tives. After several tests on concrete, which confirmed 
the importance of renewing lances quickly (the average 
time was from three to five minutes), a test of thermic 
drilling under water was made. The depth of water 
was about 18 in., and some holes were drilled in a 
concrete block 1 ft. 6 in. in diameter and 2 ft. 6 in. long. 
After some initial difficulties, not related to the process, 
a hole 2 ft. 6 in. long was successfully drilled in 10 
minutes. The materials consumed were 22 ft. of $-in. 
lance and 100 cub. ft. of oxygen. The lance continued 
to burn under water even when the oxygen pressure 
was reduced to 15 lb. per square inch (gauge). It was 

to move the lance to and fro at frequent 
intervals near the mouth of the hole to clear the slag. 

The last test to which we refer is one which was 
carried out in July, 1948, on a block of slate, approxi- 
mately 3 ft. by 2 ft. by 1 ft. 3in. A hole about 2} in. 
in diameter and 15 in. long was drilled, using 10 ft. 
of j-in. lance. The time taken was 4 minutes 20 seconds. 
The slag flowed satisfactorily. There was considerable 
cleavage, but this was only to be expected with a com- 
paratively small block. It seemed probable that if the 
Process were used in solid slate in a quarry the cracking 
would be confined to the surface. Similarly, the 
scorched area around the hole, which covered an area 
about 22 in. in diameter on the surface of the block, did 
not affect the slate to any great depth. There were 
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POLYPHASE COMMUTATOR 
MACHINES. 


On December 9, 1948, Mr. B. Adkins and Mr. W. J. 
Gibbs read a r before the Utilisation Section of the 
Institution of Electrical Engineers on the subject of 
“* Polyphase Commutator Machines.” Though there 
were many forms of these machines, it was stated that 
they all possessed certain common features which 
enabled their operation to be explained and predeter- 
mined from the theory of the polyphase induction 
motor and its rotating magnetic field. From the 
standpoints of construction and winding, polyphase 
commutator motors could be divided broadly into three 
main groups, the first of which included polyphase 
shunt and series motors. Commutator Pm 
changers formed the second, and Scherbius machines 
comprised the third. Special windings could, however, 
be incorporated in each type of machine for specific 


urposes. 

The polyphase shunt or series commutator motor 
had an armature winding connected to a commutator, 
and also carried a stator winding similar to that of an 
induction motor. Such machines, in fact, resembled 
polyphase induction motors, except that their rotor 
windings were of the commutator type. In the 
polyphase shunt hine, s¢ imes called the “ stator- 
fed’ shunt machine to distinguish it from the “ rotor- 
fed” Schrage machine, the stator windings were con- 
nected to the supply voltage and could be considered 
as primary windings. The armature windings could 
then be regarded as secondary windings. The mag- 
netic field set up by the stator rotated at synchronous 
speed, but, as in induction motors, the voltages 
generated in the armature windings depended on the 
slip and were of slip frequency. If the commutator 
brushes were short-circuited, the machine behaved 
as an induction motor with short-circuited slip-rings. 
The frequency of the armature voltages across the 
brushes was independent of the rotor speed, and, owing 
to the action of the commutator, remained equal 
to the supply frequency. Hence, voltages from the 
armature could be injected into the stator windings, 
either directly or through a transformer, to give a wider 
range of motor characteristics than was obtainable in 
an induction motor. The magnetic flux remained 
approximately constant, and as the was 
normally fixed, a constant voltage (apart oa the 
impedance drop in the transformer) could be impressed 
upon the stator. The polyphase shunt motor could 
therefore be regarded as an induction motor to which 
an injected voltage was applied, the magnitude and 





factor of the motor at any given load. Speed was con- 
trolled by varying the injected voltage, and both sub- 
and super-synchronous speeds could be obtained. For 
a given transformer or regulator setting the speed 
changed only slowly with the load, so that the speed- 
load characteristics were similar to those of a shunt- 
excited direct-current motor. 

In practice, the speed of modern polyphase shunt 
motors was usually controlled by an induction regu- 
lator, sometimes acting by itself, and sometimes in 
conjunction with a small transformer or its equivalent 
in the form of an auxili winding on the motor 
or regulator stator. The actual effect of the regulator 
voltage depended, however, both on the regulator 
setting and on the position of the brushes, and, 
in the series type of polyphase motor the speed was 
generally controlled by moving the brushes. In this 
type of machine, the stator and armature windings 
were connected in series; as with the shunt machine, 
an intermediate transforming device was incorporated, 
and usually took the form of a fixed-ratio transformer 
without a regulator. This method of connection pro- 
duced speed-torque characteristics similar to those of 
a direct-current series motor. 

Commutator frequency changers, which comprised 
the second group of motors, each had a commutator 
and a set of slip-rings, but in their simplest form 
no stator windings. The slip-rings, which 
were sometimes connected to two separate rotor 
windings, and sometimes joined internally to the 
same winding, as in a rotary converter, were normally 
switched to the main supply voltage, so that the 
magnetic field set up in the machine rotated at syn- 
chronous relative to the rotor, though at a speed 
in space depending upon the difference between the 
rotor speed and synchronous speed. The frequency of 
the output voltages developed across the stati 
commutator brushgear, however, depended solely upon 
the speed of the field in space, and was therefore the 
same as the slip-frequency of an induction motor 
having the same number of poles and running at the 
same speed from the same supply. Slip-frequency 
vol , provided by a frequency-changer, could 
therefore be injected into the appropriate induction 
motor to control either its speed or its power factor. 
For such p , the two machines were mechanically 





considerable fumes during drilling, probably due to the 
dampness of the rock. 
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controlled by using a variable-ratio transformer or 
regulator to adjust the injected voltage, or by providing 
two sets of movable commutator brushes. The com- 
mutator frequency-changer was a large and expensive 
machine for its output, and was not generally used for 
regulating induction motors; it was more often 
employed as an exciter for a Scherbius machine, though 
the most important application of its principle was in 
the Schrage motor, which, as a single unit, incorporated 
means for both power factor and speed control. 

The Schrage motor incorporated a rotor and a com- 
mutator winding as well as a stator winding. The 
rotor winding was connected through slip-rings to the 
main three-phase supply, so that the stator and rotor 
windings together formed the windings of an induction 
motor, in which the normal roles of these windings were 
exchanged or inverted. Two sets of brushgear, mounted 
on movable brush rings, were provided round the 
commutator; the corresponding ends of the stator 
windings were joined to one set of brushes, and the 
opposite ends to the other set. As in the similar case 
of the frequency changer, the frequency of the voltages 
across the commutator brushes was equal to the slip- 
frequency of the machine, and for a given brush 
position, the voltage injected from the commutator 
into the stator windings was approximately constant, 
so that the motor had a speed-torque characteristic of 
the shunt type. By moving the two sets of brushgear, 
both the magnitude and phase of the injected voltage 
could be controlled, and the speed and power factor of 
the machine thereby regulated. Motors of this type. 
when used for reversing duties, should operate with 
their brushes in the neutral position, so as to have the 
same characteristics in both directions of rotation. 

Scherbius machines, which comprised the third group, 
could be used as independent sources of low-frequency 
power, though they were more generally employed to 
provide the injected voltages for regulating induction 
motors. In some respects, the Scherbius machine 
could be compared with a direct-current generator ; 
it was usually constructed with salient poles and inter- 
— though the magnetic circuit of the stator was 
laminated throughout, and polyphase voltages were 
generated across the commutator brushes from a rotor 
winding of the commutator type. The magnetic flux 
inducing the armature voltage was set up by an 
exciting current in a polyphase stator winding, and, 
when the machine was running at a given speed, the 
output voltage was determined by the exciting current. 
A polyphase compensating winding was also wound on 
the stator, and was connected in series with the com- 
mutator brushes in order to neutralise the armature 
reaction field. The speed of the rotating magnetic 
field set up by the exciting winding corresponded to 
the frequency of the exciting currents. It was there- 
fore independent of the speed of the machine, which 
could be driven by any convenient means ; if it were 
used to te an induction motor, it could be 
directly coupled to the motor itself. For such duties, 
the commutator brushes were connected through the 
compensating windings on the stator to the slip-rings 
of the induction motor, so that voltages of a frequency 
equal to that of the exciting current were injected into 
its rotor circuit. Provided the frequency of the exciting 
current was the same as the slip-frequency of the 
induction motor, then both the speed and power-factor 
of the latter could be regulated by controlling the 
exciting current of the Scherbius machine. It was 
claimed that, with suitable control apparatus, almost 
any desired characteristic could be imparted to the 
induction motor. The main limitation was that the 
actual s was relatively small, since it was 
usually nade to operate with secondary fre- 
quencies above about 15 cycles per second. 











THE LATE Mr. S. R. Ciay, M.C.— We regret to 
announce the death of Mr. Stanley Richard Clay, which 
occurred in a nursing home in Johannesburg on January 
22. Mr. Clay, who was sales director of Messrs. Broom 
and Wade, Limited, High Wycombe, Buckinghamshire, 
had recently arrived in South Africa on a visit to his 
firm’s branch there. Mr. Clay was born on January 1, 
1888, and, after leaving school, served an apprenticeship 
with Messrs. Lee. Howl and Company, Limited, pump 
manufacturers, Tipton, Staffordshire. Afterwards, he 
joined a firm of consulting engineers in Birmingham, and 
later represented Broom and Wade, Limited, and the 
Mining Engineering Company, Limited, Worcester, in 
the Midlands and South Wales. In 1925, Mr. Clay went 
to Broom and Wade’s head office in High Wycombe as 
sales manager and, in October, 1927, he was elected to 
the board and became sales director. Thereafter, he 
was in complete charge of the firm’s sales throughout 
the world. In recent years, Mr. Clay had been a member 
of the Ministry of Works Advisory Committee on Oon- 
tractors’ Plant, on which he did valuable work. In the 
war of 1914-18 he served in the Royal Horse Guards and 
the Household Battalion, attaining the rank of Captain. 





coupled, and the injected voltage was fed into the 
rotor windings of the induction motor ; its speed was 


He was awarded the Military Cross for gallantry. 
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PRIMING PAINTS FOR LIGHT 
ALLOYS.* 
By Dr. J. G. Riaa and E. W. Sxerrey, B.Sc. 


THE tests to be described in this paper were designed 
to determine the relative effectiveness of certain pig- 
ments in preventing the corrosion of aluminium, and 
aluminium and magnesium alloys, when used in priming 
paints under a range of atmospheric conditions. Com- 
mercial primers are normally based on complex mix- 
tures of pigments containing varying proportions of 
corrosion inhibitors, non-reactive colouring materials, 
and extenders, the latter being necessary in order to 
improve the physical properties of the paints, such as 
freedom from settling, etc. It was thought advisable 
for this investigation, however, to use single pigments 
only, to simplify comparison and reduce the total 
number of specimens required. 

The four pigments selected were zinc chromate, zinc 
tetroxychromate, iron oxide, and red lead. Zinc 
chromate was a natural choice since this corrosion- 
inhibiting material is used extensively for painting 
light alloys and has also proved very effective on iron 
and steel. Although zinc tetroxychromate has not 
been employed extensively so far in this country, it 
has been used with success in the United States, where 
it is frequently mentioned in specifications as an 
alternative to zinc chromate. One of the authors 
(J. G. Rigg) had previously found that this material, 
despite a much lower chromium-trioxide content, 
compared very favourably with zinc chromate on light 
metals and mild steel. 

Both iron oxide and red lead were included as 
examples of pigments commonly used in the building 
and engineering industries for priming ferrous metals. 
Iron oxide is of further interest, since it is frequently 
employed in conjunction with zinc chromate and 
extenders in commercial light-metal priming paints 
and since it is a purely physical pigment ; whereas the 
other pigments tested, such as red lead and zinc 
chromates, can provide chemical inhibition of corrosion 
of the underlying metal. While red lead is generally 
acceptable as a primer for both ferrous metals and 
wood, it is im nt to determine definitely whether 
it can be used safely on light alloys, since there is a 
wide belief that lead compounds are harmful to light 
alloys. It has been shown that lead pigments in the 
form of water pastes stimulate severe corrosion with 
magnesium alloys, but the present authors are not 
aware of any previously published evidence of the 
unsuitability of red-lead priming paints. 

In addition to the light alloys, mild-steel specimens 
have also been tested, since all the pigments in the 
series are known to give effective primers for this 
metal and a useful comparison is thus provided ; the 
mild steel also provides a basis of comparison with 
experience in the building and engineering industries. 
In order to obtain early indications of the relative per- 
formances of the pigments, some of the test specimens 
have been exposed with single coats of primers only and 
without top coats. Final conclusions, however, must 
be based on complete paint systems. Two types of 
commercial aluminium-pigmented finishes were chosen 
for the top coats, as being representative of high- 
quality paints with good water resistance, and these 
were based respectively on cellulose and medium oil 
— alkyd resin varnishes. 

‘our priming paints containing, respectively, zinc 
chromate (specification D.T.D. 377), zine tetroxychro- 
mate, red lead, and iron oxide as the only pigments 
were made up in a ball mill using an oil-varnish medium 
(Cerrux K4461) which is compatible with top coats to 
either specification D.T.D. 63a or D.T.D. 260a. Top 
coats were formulated with cellulose medium (D.T.D. 
63a) and with a medium oil length linseed modified 
alkyd resin (D.T.D. 260), using aluminium paste in 
both vehicles. All the paints were as reasonably near 
commercial-standard products as thé use of single- 
pigment primers itted. Cobalt naphthenate 
driers were employed for all the primers and the 
D.T.D. 260 top coat. 

The wrought-metal specimens measured 4 in. by 3 in. 
for the accelerated tests and 9 in. by 8} in. for the field 
tests, while the cast bars were machined to 0-8 in. 
diameter by 7 in. long. The metals used for the tests 
comprised pure aluminium; B.S.S.5L3 aluminium alloy ; 
D.T.D. 120A and 59A high-purity magnesium alloys; 
D.T.D. 118 and 59A normal-purity magnesium alloys; 
and mild steel. Specimens were e in triplicate 
in the following conditions (1) Untreated (control 
specimens). (2) With pre-treatment as for painting, 
i.e., chromate treatment for ium-base alloys and 
pickling for other metals. (3) As (2), but painted with 
one coat of primer only. (4) As (2), but with two 


* Joint contribution from the Research Laboratories 
of the British Aluminium Company, Limited, Chalfont 
Park, Gerrards Cross, Buckinghamshire, and the Imperial 
Smelting Corporation, Widnes, Lancashire, presented 
to the Institute of Metals. Written discussion is invited 
by the Institute. Abridged. 











coats of primer and one of top coat. Some aluminium, 
B.S8.S. 5L3 alloy, and steel specimens were degreased 
in trichlorethylene vapour in ce with specifi- 
cation D.T.D. 9154 ; control specimens were e: 

in this condition. Other aluminium and 5L3 specimens 
were etched in chromic-sulphuric acid solution in accord- 
ance with D.T.D. 915, while the remaining steel speci- 
mens were pickled in 10 per cent. sulphuric acid 
solution, washed, and dried. 

Pre-treatment of the magnesium-base alloys was 
as follows: D.T.D. 118 and D.T.D. 120 specimens 
were scoured with wet pumice powder, pickled in 
hydrofluoric-nitric acid, and then treated according 
to specification D.T.D. 911 (D.T.D. 118 specimens in 
the acid-chromate bath (iv) and D.T.D. 1204 specimens 
in the 30-minute R.A.E. bath (iii)) ; the cast specimens 
to specification D.T.D. 59a were cleaned in 5 per cent. 
boiling caustic soda after machining and treated 
according to specification D.T.D. 911 (in the 30-minute 
R.A.E. bath (iii)). The primers were applied by brush, 
and the top coats by spray. Where no top coats were 
applied, single priming coats were used; in other 
cases two priming coats, followed by a misting top 
coat and then a full top coat, were applied. All the 
specimens were painted by one operator and were 
anoued to age for a period of one month after coating 
the last specimen. Painted specimens were then 
scratched with steel needles (to simulate mechanical 
damage). The scratches were diagonal on the sheet 
specimens and longitudinal on the cast specimens, and 
penetrated the paint to expose the bare metal. 

Specimens are ex in field tests at Frodsham, 
Cheshire (rural); Widnes, Lancashire (industrial) ; 
Dungeness, Kent (marine); and in an accelerated test 
at Gerrards Cross, Buckinghamshire, where they are 
sprayed with sea water twice daily when weather 
conditions permit. The test specimens are arranged 
so that both sides are exposed to the atmosphere, but 
only one surface is exposed to the sun. By mounting 
specimens at angles to the horizontal corres ing to 
the angles of latitude of the testing sites and facing due 
south, maximum exposure of the top surfaces to 
sunlight is obtained all the year round. Care has been 
taken to avoid harmful bimetallic contacts, especially 
with the magnesium specimens. The wrought mag- 
nesium specimens in the accelerated test are suspended 
at all four corners by nylon thread. Magnesium sheet 
specimens at Dungeness are secured by galvanised iron 
nails with laminated plastic collars. Aluminium, 
5L3, and steel specimens in the accelerated test and 
at Dungeness are secured by galvanised iron nails. 
Wrought specimens at Frodsham and Widnes are 
slipped over wooden pegs. Cast bars at all stations 
are held in notched racks of laminated plastic sheet. 
So far, the methods of erection have been satisfactory. 

Specimens have been inspected after approximately 
one, two, four, and six months’ exposure. A complete 
singleton withdrawal of the light-alloy specimens 
carrying single coats of primer has been made at all 
except the rural station, where failure has been so 
slight that only red-lead primed panels have been 
removed. Some of the specimens involving the worst 
combinations of paint, metal, and environment have 
been withdrawn completely. The imens remaining 
on test have been exposed for about one year at all 
sites. No steel specimens have been withdrawn yet, 
since they are not exposed in replicate at any station 
and they are required as controls. Inspections were 
made at the sites without handling the specimens, but 
withdrawn specimens were examined in detail with the 
aid of a binocular microscope, before and after cleaning. 
Paint was removed by organic solvents. Corrosion 
products were removed from aluminium-base alloys by 
pickling at room temperature in concentrated nitric 
acid containing 5 per cent. chromic acid until the 
specimens were clean enough to permit detailed exami- 
nation. Corrosion products were removed from 
magnesium-base specimens by treatment in 10 per cent. 
ammonium chromate in distilled water with air bubbled 
through the solution at frequent intervals. 

The corrosion of the metal was assessed for type, 
number, size, and depth of areas of attack by the 
method described elsewhere,* except that only one 
depth chart was used for assessing the depth of 
both general and localised corrosion; corrosion 
occurring within } in. of the edge or the fixing holes of 
specimens, or in the vicinity of the scratch line, was 
recorded separately. Owing to the large number of 
specimens involved, the detailed results of examinations 
are not given in this paper. The standard terms derived 
from the three charts used in assessment are represented 
by one standard term only, the main weight being 
given to the chart for assessing the depth of attack. 
The deterioration of the paint film was assessed by a 
modification of the method used for corrosion, and the 
following factors were recorded separately: gloss, 
colour, chalking, checking, cracking, and flaking. 

Specimens with zinc-chromate and zinc tetroxy- 





* See F. A. Champion, J1. Inst. Metals, vol. 69, page 47 
(1943). 











chromate primers do not show more than slight corro- 
sion of any of the metals, even without top coats and 
in the most severe exposure conditions. It is therefore 
too early to assess the relative merits of these two 
chromates, and no further reference is made to them 
in the following results. The severity of the exposure 
conditions decreases in the order : Dungeness (marine), 
sea-water spray (accelerated test), Widnes (industrial), 
and Frodsham (rural). 

Taking first the marine station and the accelerated 
test. Apart from much greater exposure to wind 
at the marine station, which encourages flaking of the 
top coats, more especially from the scratch lines, the 
specimens at these two exposure stations behaved in 
a similar manner, and the relative merits and disadvan- 
tages of the various materials are the same for the two 
sites. All the aluminium and magnesium-alloy 
specimens treated with red-lead primer have suffered 
considerably more corrosion than the corresponding 
unpainted specimens. Indeed, some of the red-lead 
painted metals without top coats were severely corroded 
after six weeks’ exposure, while severe corrosion had 
also occurred even with top coats. Thus red lead has 
accelerated the corrosion of light alloys and, more 
especially, of the magnesium-base alloys. No accelera- 
tion of corrosion has been observed with the other 
primers tested. 

Both red lead and iron oxide provided considerable 
protection to steel for some weeks, even when applied 
as a single coat without a top coat. The chromate 
primers, however, appear in general to be more pro- 
tective on the metals tested, though the superiority 
over iron-oxide primers is not very pronounced at the 
present stage of these tests. 

The results obtained at the industrial station after 
25 weeks’ exposure showed that red lead has caused 
some acceleration of the corrosion of light alloys, 
although the effect has not been so noticeable here as 
in the marine atmospheres. Nevertheless, severe local 
attack has been observed on the normal-purity - 
nesium alloys, the depth of attack being cousiiesaily 
greater than with the bare metal. With aluminium 
and B.8.8. 5L3, corrosion has been confined to the 
backs of the panels. The red-lead and iron-oxide 
primers have so far afforded protection to steel com- 
parable with that given by the chromate primers, but 
this conclusion is based mainly on performance without 
top coats. No high-purity-base magnesium alloys 
were exposed at the industrial station. 

Painted aluminium and B.S.S. 5L3 panels at the 
rural station have so far shown no signs of failure, with 
the exception of the B.S.S. 5L3 specimens coated with 
a single coat of red-lead primer, which show slight local 
corrosion on the panel backs only. Single coats of 
red-lead primer have produced severe local corrosion 
on the normal-purity wrought magnesium panels and 
very slight corrosion on the normal-purity cast mag- 
nesium alloy. No high-purity-base magnesium alloys 
were exposed at the rural station. Red-lead primer 
compares favourably with other pigments on steel. 

The results show conclusively that red-lead primers 
are unsuitable for light metals. The red lead has 
accelerated the corrosion of these metals, possibly by 
the deposition of metallic lead to form local couples 
which initiate corrosion of the more anodic light metals. 
The more anodic magnesium alloys show this effect to a 
greater extent than the other metals under test, and 
suffer corrosion from this cause even in the rural 
atmosphere. The effect of the red lead becomes more 
marked as the corrosion conditions become increasi 
severe and as the purity of the base metal is lowered. 
No acceleration of corrosion by painting has been 
observed with any of the other paint systems, and in 
fact, iron oxide has considerable merit as a priming 
pigment on light metals and is providing useful pro- 
tection even in the more severe saline atmospheres. 

The chromates appear to be the most successful 
primers for general use on all the light metals included 
in these tests, and, so far, corrosion has not been more 
than slight with either of the chromates, whether tested 
with or without top coats, on any of the metals, under 
the whole range of atmospheric conditions. The 
general conclusions with respect to the materials tested 
are therefore that (1) red-lead primers should not be 
used on light alloys; (2) both iron-oxide and zinc-chro- 
mate primers provide useful protection on both light 
alloys and steel; and (3) there is some indication that 
zinc chromates are superior to iron oxide on light alloys, 
but more prolonged exposure is necessary to confirm this. 





ALMANACS AND CALENDARS.—Tear-off monthly wall 
calendars with spaces against each date for noting 
engagements have been received from Messrs. The 
Coventry Victor Motor Company. Limited, Cox-street, 
Coventry, and Messrs. J. E. Raistrick, Limited, Park 
Royal-road, North Acton, London, N.W.10. Messrs. 
Raistrick have also sent a desk calendar of a similar 
nature, which has two pages to each month. An all- 
metal perpetual calendar for desk use has come to hand 
from Messrs. Mono Pumps, Limited, Mono House, 67, 
Clerkenwell-road, Londen, E.C.1. 
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THE MEASUREMENT OF ACCELERA- 
TION BY ELECTRONIC METHODS. 
An electronic tube for measuring and recordi 


rding | builders and shipowners were referred to at the launch 


acceleration has been marketed by Mullard Electronic 
Products, Limited, Century House, Shaftesbury- 
avenue, London, W.C.2. This tube, which is known 
as the DRR100 accelerometer, is a double diode, the 
anodes in which are elastically supported, so that 
their impedance changes when they are. subjected to 
acceleration. In practice, the tube is rigidly clamped 
to the structure under test and the change: in the imped- 
ance due to acceleration are in terms of the 
change in current in a Wheatstone-bridge circuit, of 
which the anode and cathode impedances form 
adjacent arms. The uency range over which 
the response to a sinusoidal acceleration can be con- 
sidered independent of the frequency, is 0 to 250 cycles 
per second. The resonant frequency of the tube is 
1 kilocycle per second and the acceleration range is 
100 g. The tube is designed for a heater voltage of 6-3 
and a maximum anode voltage of 10, and its output is 
sufficient for the readings to be indicated di ly on 
a low-impedance galvanometer or micrometer. The 
bridge output, however, can be fed into an amplifier 
and read on a cathode-ray oscilloscope, in which case 
the sensitivity will be 7-5 millivolts per g. 

In construction, the accelerometer is similar to an 
all-glass valve of the loctal type and can be mounted 
in any position. This feature, combined with its 
high output and excellent mse at low and zero fre- 
quencies, enables it to be as a low mass pick-up for 
measuring and ing the acceleration and vibration 
of high-velocity elements. The fact that it can often 
be used without an amplifier is also an advantage when 
certain flight tests are being made on aircraft. Its 
high output, small size and light weight should also 
render it useful for many purposes in industrial re- 
search, including the measurement and recording of 
displacement velocities. 





THE ‘‘ ESSEX ’’ OMNIBUS-WASHING 
MACHINE. 


A MACHINE designed by Mr. W. J. Morison, chief 
engineer of the Eastern National Omnibus Company, 
Limited, and being manufactured by Messrs. Stratstone, 
Limited, 7, Herbrand-street, London, W.C.1, is intended 
to provide an economical substitute for the expensive 
and bulky tunnels now generally employed for washing 
omnibuses. It consists essentially of a row of rotating 
flaps, which are enclosed in troughs. These tro 
fit round the sides and rear of the vehicle to be cleaned 
and can be raised and lowered electrically. A distri- 
buting m, which supplies water at a low pressure 
through a number of fine holes, is installed beneath the 
flaps. The vehicle to be washed is driven between 
two guide rails on the floor of the depot until a beam 
of light falls on a photo-electric cell and thus indicates 
to the driver that the correct fore-and-aft position has 
been reached. This position is not very critical, 
since the washing machine, which is suspended from 
the roof, can be adjusted as it descends to enclose the 
vehicle. When the ’bus is in position, the water is 
turned on, a control lever is moved, and the washing 


machine is lowered. The cleaning flaps then rotate tary 


and remove the mud and dirt, which has been pre- 
viously soaked and loosened by the water. Cleani 
continues until the machine reaches the floor, when it 
automatically stops. The control lever is next moved 
into the “up” position, thus reversing the machine, 
which rises until it again comes to rest in the roof. 
The controls are arranged so that, if desired, the 
machine can be traversed without the flap bei 
rotated. Under these conditions, the body of the 
*bus is gently swilled with water and the vehicle is 
given a final rinse, which improves the finish of the 
coach work. The flaps are made of rubberised fabric ; 
and experience shows that many hundreds of vehicles 
can be washed before their replacement is necessary. 
They can be quickly removed and a new set fitted with- 
out the use of special tools. The flaps are driven by 
four 1-h.p. three-phase motors, while a }-h.p. motor is 
used to operate the raising and lowering winch, which 
is geared so that each traverse takes 35 seconds. The 
motors, like the photo-electric cell equipment, were 
supplied by the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2. 





RADAR ON CROSS-CHANNEL SuHiIps.—In reply to a 
question by Sir Ronald Ross in the House of Commons 
on Monday, January 24, the Minister of Transport (the 
Rt. Hon. A. Barnes, M.P.) said that of the nine passenger 
vessels in regular service between Great Britain and 
Northern Ireland seven were already fitted with radar 
aids to navigation and the other two would be fitted as 
soon as possible. The three ships which maintained a 


service for vehicles and their drivers between Preston 


ughs | even to provide interest and cover the replacement of 


eaning | its many aspects, because he felt that the facts, how- 


being | tion, life would be difficult for everyone. 


LABOUR NOTES. 
THE economic difficulties which confront ship- 


of the M.S. Rangitoto at Walker-on-Tyne on January 
12. Lieut.-General Sir Ronald Weeks, K.C.B., C.B.E., 
D.8.0., deputy chairman of Messrs. Vickers Limited, 
when proposing the toast of the ship for the builders, 
expressed his regret for the delay in the expected 
delivery date of the new vessel, which had amounted to 
fifteen months. This, Sir Ronald said, was caused 
ees by the large number of vessels sent to Tyneside 
or reconversion after their war service. The ship- 
builders, however, were now keeping pace with these 
contracts, so that, in future, they should have more 
labour available to give to their normal shipbuilding 
programmes and the situation would steadily improve. 
The most serious problem which faced them at the 
present time was the inadequate allocation of steel to 
the various shipbuilding yards. The position was 
showing no signe of improvement and any accentuation 
of the difficulties which beset shipbuilders from this 
cause might lead to a and would certainly 
add to the cost of new vessels. 





Mr. H. W. 8. Whitehouse, chairman of the New Zea- 
land Shipping Company, Limited, the owners of the 
Rangitoto, said that that company and the Federal 
Steam Navigation Company, Limited, had been steadily 
replacing their war-time loss of 19 vessels, totalling 
nearly 200,000 tons, and this had necessitated an 
immense capital outlay. Ships now cost about two- 
and-a-half times their pre-war price and they took 
twice the time to build. Furthermore, owners did not 
know what a new vessel would cost until she had been 
completed. Mr. Whitehouse expressed the hope that, 
in the near future, shipbuilders would be able to give 
fixed prices for new contracts. Another difficulty for 
shipowners was the continued increase of operating 
costs, which was due, in part, to the slow discharge of 
cargo in the Dominions. In Britain, his companies’ 
ships were able to load at the rate of at least six to 
eight hundred tons daily, but, in-New Zealand, the 
discharge rate was only from two to three hundred tons 
aday. This lengthened voyage times very seriously. 





Referring to the increased cost of new ships, Mr. 
Whitehouse said that shipowners were faced with 
greatly increased capital commitments and there was 
no certainty that the revenue earned would be sufficient 


money spent. He hoped that the Chancellor of the 
Exchequer would be able to give them some relief in 
his next Budget by way of allowing them to build up 
their reserves. The Mercantile Marine was essential 
to the well-being of the Country, but shipowning was 
a hazardous business indeed and it took a great deal of 
courage to lay down new vessels. 





Some forthright comments on production and foreign 
competition are made in the editorial to the January 
T Report of the United Patternmakers’ Association 
by Mr. W. B. Beard, O.B.E., the union’s general secre- 
. He states that he dealt, in his 1948 editorials to 
the Trade Report, with the problem of uction in 


ever unpleasant, should be stated clearly. He is 
satisfied, he says, that without increased production 
even our present living standards are in danger. 
Under any system of government, it is those who pro- 
duce who are important because, without their produc- 
Prices and 
profits have a bearing on living standards, but, in the 
absence of a balance between national income and 
expenditure, industry cannot develop: it must eventu- 
ally stagnate or collapse. 





“A brief review of the progress we made in 1948 is 
enlightening,” Mr. Beard writes. “It shows that the 
output of steel and capital set up new records. 
In November, the weekly output of steel was 303,000 
tons, equal to an annual output of 15} million tons and 
about 11 per cent. higher than in 1947. Pig-iron output 
was also higher. Salvage of scrap metal, so necessary 
for steel production, was maintained but, in spite of 
that, steel output did not meet the demands of industry. 
The motor industry set up a record for commercial 
vehicles, producing 4,000 weekly, while the tractor 
output for the first nine months of last year amounted 
to 82,000 machines. Similar achievements were shown 
in many other industries. Production of coal and 
cotton goods, however, is still below that of the pre-war 
ears and the main reason for this is a decline in the 
bour force in those industries, compared with the 
pre-1939 period. In totalitarian countries, the problem 
of shortage of labour in unattractive industries is dealt 


Of foreign competition, Mr. Beard says: “ Already 
Germany and Japan have become serious competitors 
for world markets. The British engineer is complaining 
about the low prices of German motor vehicles, machine 
tools, etc., and the German engineer’s wages and 
living standards, which are much lower than our 
own. The Japanese have entered world markets for 
shipbuilding and, indeed, have secured many orders in 
America and elsewhere at lower prices than ours, 
owing to their low standard of living and the fact that 
they can produce cheap steel. The need, therefore, for 
capital expenditure to increase production with our 
present man-power figures is still great. The European 
recovery programme should assist us to obtain more 
capital goods to achieve this end, but non-producers, 
in particular, should realise how im t production 
is to the economy of the country and how essential it is 
that our great industries should be fully manned if we 
are to maintain our present living standards. Opera- 
tives in non-competitive industries should not take 
advan of the present situation (and, unfortunately, 
there is evidence that they are) to extort higher wages 
and better conditions, which can only be given at the 
expense of the produeers, whose wages are largely 
determined by world prices and foreign competition. 
That way lies disaster.” 





Wage increases rdnging between 5s. and 8s. weekly 
have been accepted by the Post Office Engineering 
Union on behalf of employees in the main engineering 
and supply grades of the Post Office engineering 
department. The increases represent the compromis: 
offered a few weeks ago by Mr. Wilfred Paling, the Post- 
master-General, following a demand by the union for 
advances of from 7s. to 18s. for these grades of the 

1 service. The union’s claim was made in April 

t, after the publication of the Government’s White 
Paper on “ Personal Incomes, Costs and Prices,” and 
was itself a modification of what was originally intended. 
More than 50,000 men will benefit from the increases. 
which will be antedated to July 1 last, and are expected 
to cost the Post Office a total of at least 750,000/. 
annually. Acceptance of Mr. Paling’s offer was an- 
nounced by the union last Saturday after a ballot of 
the union’s membership had been taken. 





The National Union of Manufacturers announce 
that a pre-Budget memorandum has been sent to the 
- endo of the Exchequer recommending an imme- 
diate investigation into Government expenditure by 
an independent body to be set up for the en, with 
a view to substantial reductions being made. Other 
recommendations include an increase in the allowance 
for the replacement of plant and buildings, chi in 
the system of repayment of income tax where losses 
have been incurred, the discontinuance of the duty 
on the issue of bonus shares, and the abolition of the 
ten per cent. tax on undistributed profits. The last- 
mentioned recommendation is coupled with a pot 
by the union that the maximum allowance of 2,500/. 
as the chargeable remuneration to working directors, 
in cases where they possess a controlling interest, 
should be increased to a maximum of 15,000/., as the 
t allowance is regarded as being entirely inade- 
quate when it has to be shared between two or more 
directors. The union asks the Government to take all 
possible steps to ease the “ crippling burden of taxation 
of business profits which, added to the greatly increased 
cost of replacements, is calculated to have a very serious 
effect upon the competitive power of industry.” 





An increase of two points in the monthly index of 
industrial production, prepared by the Government's 
Central Statistical Office, is recorded for November, 
1948, for which month production is estimated provi- 
sionally at 129, compared with 127 for the previous 
month, and 123 for November, 1947. The November 
figure is the highest since the index was started in 
1946, production for which year is taken as 100. 
Production by “ all industries ” increased from 127 in 
October, 1948, to 129 in November, compared with 
123 in November, 1947. Production, by manufacturing 
industries only, expanded from 129 in October, 1948, 
to the new all-time high level of 132 in November. 
The figure was 123 in November in the previous year. 
The index figure for production in the mining and 
quarrying industries rose from 116 in October, 1948, to 
119 in November, and that for the gas, electricity and 
water services increased from 111 to 120 during the 
same month. The comparative figures for November, 
1947, were 117 for mining and quarrying, and 115 for 
gas, electricity and water. It is worthy of notice, 
however, that production in the building and contract - 
ing industries declined from an index of 128 in 
October, 1948, to only 125 in November, compared with 
129 in November, 1947. All index figures are adjusted 
for variations in the number of days in each month, 








and Larne also carried radar. 





with by compulsory direction.” 





but no allowance is made for holidays. 
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WIPED JOINTS ON ALUMINIUM- 
SHEATHED ELECTRIC CABLES. 


Axsovut nine months ago (on page 404 of our 165th 
volume), we gave a description of the power cables, 
sheathed with commercial-grade aluminium, which 
had been introduced by Messrs. Johnson and Phillips, 
Limited, Charlton, London, 8.E.7. The advan 
claimed for these cables, which are manufactured by 
threading the insulated core through a pre-extruded 
seamless tube and subsequently swaging the latter to 
form an accurately fitting sheath, are lower weight, 
greater tensile — easier handling and reduced 
installation costs. It has been an o le to the 
use of aluminium for this purpose, however, that 
soldered or sweated unions could be made only with 
difficulty. For totally-sealed joints or terminations, 
Messrs, Johnson and Phillips therefore developed 
a mechanical type of union to replace the normal 
plumbing gland. This union, though effective, is 
expensive and it is interesting to note that means have 
now been found to make wiped joints on aluminium- 
sheathed cables, similar to those that have long been 
used with lead. 

The problem was primarily one of finding a suitable 
solder, for the initial tinning of the sheath, which 
could be applied without the use of excessive heat. 
This difficulty has been overcome and the method 
of making wiped joints now employed is based on 
procedure suggested by the British Aluminium Com- 
pany: Limited. A portion of sheath of the appropriate 
ength is first removed either by partly cutting through 
the aluminium at the required and then com- 
pleting the fracture by slightly working the end 
preparatory to sliding the sheath off the core; or 
by using a stripping tool consisting of a bar with a 
prong at one end, in which a shallow slot is cut, and 
a handle at the other. To prepare the cable end 
with this tool for making a straight-through joint, 
a shallow groove is first scribed with a file or hacksaw 
round the iphery of the sheath at the desired 
point. A diagonal cut about 1} in. long is then 
made in the sheath at the cable end and the edge 
is raised to form a lip. This lip is next fitted into the 
prong of the tool, which is held at an angle to the cable 
and rotated so that the sheath is torn off in a helical 
strip and wound round the shank. In this way a clean 
slightly belled out edge is left at the required mark. 
When it is desired to strip the sheath from an uncut 
cable, in order to make a T-joint, shallow cuts are 
scribed round its periphery at each end of the length 
to be removed. A deep circumferential cut is also 
made round the sheath at, and a short diagonal cut 
across, the mid-point of the T. The me is then 
levered up to form separate lips for the tool and the 
two halves of the sheath are stripped back in opposite 
directions, as already described. 

The wiping process comprises three operations. 
The sheath is first freed from all trace of grease or oil, 
after which the oxide film is removed by uniform, 
but not deep, scraping with a fine file or wire brush. 
It is recommended that this scraping should obliterate 
any longitudinal scratches or marks that may be 
present on the sheath and that care should be taken 
to scrape the surface that is to be tinned as completely 
and evenly as possible. Tinning is effected by heating 
the prepared surface of the sheath with a blow lamp 
to a temperature sufficient to melt the solder and 
applying the latter from a stick by rubbing it firmly 
and evenly over heated surface. The solder employed 
consists of 90 per cent. tin and 10 per cent. zinc ; 
no flux of any kind is used. The rubbing action 
removes the thin layer of oxide, which forms immedi- 
ately after cleaning, and ensures that the solder is 
deposited evenly over the aluminium surface. The 
tinning operation is completed by scrubbing the 
aluminium with a wire brush so that any remaining 
oxide is removed. That the process has been effective 
is tested by applying a cloth to the tinned surface 
while the metal is molten, when a bright smooth 
finish should be left. 

For wiping, standard quality (grade D) plumber’s 
metal is used in the form of a stick, pot wipes not being 
satisfactory owing to the presence of zinc in the tinning 
metal. The procedure followed is that usual with 
lead-sheathed cables, except that the tallow should 
not be allowed to touch the tinned aluminium. Unless 
they are enclosed in a compound-filled box the wipe 
and the cable sheath for a length of 2 in. on each side of 
the joint is painted with Bitumastic paint or similar 
protective coating after the joint has cooled. 

When compound-sealed boxes are employed with 
aluminium-sheathed cables, cadmium-coated copper 
or galvanised-iron strip is used instead of lead for 
bonding. As an alternative to the wiping gland for 
terminating boxes, aluminium cones or bushes can be 
used, and where packed glands are employed, as in 
mining-type coupler units, aluminium wool is utilised 
for sealing. Tests with the tinning solder made on 
aluminium strips showed that the metal always broke 
before the joints. 








THE DESIGN OF HIGH-VOLTAGE 
AIR-BLAST CIRCUIT BREAKERS. 


In a paper on “ Factors Influencing the Design of 
High-Voltage Air-Blast Circuit Breakers,” which was 
read before the Supply Section of the Institution of 
Electrical Engineers on Wednesday, December 8, 1948, 
Messrs. C. H. Flurscheim and E. L. L’ pointed 
out that the growth of high-voltage systems had 
brought about a demand for automatic reclosing circuit 
breakers of greater capacity and more rapid operation. 
The more severe the duty and the higher the voltage, 
the greater were the advantages of forced-blast inter- 
ruption for these 

e rate of removal of the ionised products from the 
arc path and the dielectric properties of the air depended 
upon the air pressure. e ability of the gap, subse- 

uent to current zero, to prevent the re-striking voltage 

‘om re-establishing the current flow depended on these 
two factors. The higher the receiver pressure, there- 
fore, the greater was the interrupting capacity of a 
given circuit breaker. The pressure range necessary 
depended on the ability of the compressor system to 
supply the normal pressure to the breaker receiver, 
and on the number of make-and-break operations 
required from the air stored in the receiver without 
any make-up being necessary. A typical result of 
these conditions was that, prior to a second and third 
break, the pressure in the breaker receiver fell to 82 per 
cent. and 68 per cent. of normal, respectively. The 
— that could be assigned to a circuit breaker was 
therefore the breaking capacity at the pressure existing 
prior to the final breaking operation, and the breaking 
capacity at normal pressure would be in excess of this 
rating. The simplest and most economical method 
of reducing the pressure range was to provide larger 
local air-storage capacity. Alternatively, air could 
be ‘distributed round the substation at high pressure 
and the breaker receiver could be supplied with lower- 
pressure air through a reducing valve. The operating 


and 264-kV breakers to be constructed with as few as 
two and four breaks, respectively, per phase, in which 
the advantages associated with short travel were 
retained. With such a double-break a the voltage 
appearing across one interrupter would be of the 
order of 80 per cent. of the total, instead of 50 per 
cent., and with a four-break assembly the percentage 
might be 70, instead of 25. An artificial voltage- 
control im nce must therefore be shunted across 
each break to modify the distribution. 

When several breaks were mounted physically 
in series with respect to the air supply, those nearest 
the air inlet tended to receive a greater volume of air 
than those more remote. The instantaneous conditions 
of pressure, contact travel and direction of air flow 
for the various breaks would also not be the same. 
These differences might be accentuated by pressure 
oscillations. Series interrupters arr. in this 
manner did not possess equal interrupting ability and 
the rating of such assemblies did not increase in cn ga 
tion to the number of units. ‘This difficulty could be 
avoided by a parallel air-flow arrangement, in which 
the breaks were symmetrically disposed with respect 
to the valve gear; and the air supply to each was 
identical and synchronised as regards volume, velocity, 
pressure and direction of flow, while the heat energy 
released by one are did not interfere with the flow to 
another. Since all the breaks had the same interrupting 
ey. they could be identical in operation, with the 
voltage graded evenly across them. By this method, 
with the breaks in parallel aerodynamically and in 
series electrically, the maximum effective use could be 
made of each component. 

The advantages of high-speed reclosing as an aid to 
maintenance of supply were now becoming more fully 

i About 85 per cent. of all overhead trans- 
mission line faults were transient, and the system could 
therefore be restored by closing the circuit breakers 
automatically, provided the interval or dead time 
between interruption and reclosure was correctly 

lected. The maximum time allowable was controlled 





pressure could thus be kept constant, irrespective of 
the number of operations required without make-up 
from the compression plant, at the cost of a suitable 
high-pressure receiver and reducing valve. This 
method, in addition to being more complicated, was 
not applicable to automatic re-closing, owing to the 
slow restoration of pressure in the breaker receiver. 
The amount of air consumed on opening the breaker 
was determined by the duration of the blast and the 
rate of flow; and economy might be effected by atten- 
tion to these two factors. In a typical design, 35 per 


cent. of the air was consumed during arcing and| Cy 


between arc extinction and isolator contact se - 
tion; and 65 per cent. during the opening of the 
isolator gap. Economy in blast duration could be 
achieved by increasing the speed of the isolator move- 
ment or by employing an enclosed multi-break isolator. 
In principle, it was possible to save 60 per cent. of the air 
consumption in the latter way, but it involved the use 
of complicated isolator mechanism and air-condition- 
ing problems also arose. Economy in the rate of blast 
could be achieved by leading the exhaust into 
a container long enough to prevent the building up of 
serious back pressure during the arcing period, but small 
enough to ensure restriction of flow during the following 
isolator stroke. It was difficult to proportion the 
container, so that the method was effective under 
widely different discharge-temperature conditions for 
the range of current to be interrupted. Moreover, the 
arrangement did not lend itself to automatic re-closing. 
An alternative was to close the exhaust ports in the 
interrupting chambers with time-delayed valves, 
leaving the nozzle gap open and under pressure. 
By this method, which was suitable for automatic 
reclosure, the air consumption could be halved. 
Additional accurately-timed valve gear, situated in the 
hot-gas region and subjected to metal spray, was, 
however, required. Another method was to close the 
blast valves partly at the end of the arcing period. 
This resulted in an economy of only about 20 per cent., 
since the nozzle pressure must be maintained suffi- 
ciently to withstand the recovery voltage. 

As an alternative to partial closure of the blast 
valves, the breaker air receiver could be sub-divided 
into two compartments with a small interconnecting 
aperture, and the blast discharged from one compart- 
ment only. The air flow then had an increased pressure 
decrement throughout the duration of the blast, and 
an economy of about 15 per cent. could be achieved, 
provided automatic reclosure, with the consequent 
need for rapid restoration of pressure, was not required. 

Air-blast circuit breakers for voltages above 100 kV 
were usually of multi-break construction. Mechanical 
simplicity in lay-out was desirable and was best 
achieved with a minimum number of ‘units and moving 
parts. On the other hand, a large number of inter- 
rupting units in series with short strokes were desirable 
to prevent undue stresses in the breaker structure. 
These enemy conditions could be met effectively 
by a design which gave a high value of kilovolts 
interrupted per inch of stroke, thus enabling 132-kV 





by synchronising difficulties on reclosure, but the 
shorter it was the greater would be the probability of 
success from the stability point of view. The minimum 
time permissible was the period required for the air 
flash-over path to become sufficiently de-ionised, 
subsequent to interruption of the fault current, to 
withstand restoration of the system voltage. Experience 
indicated that a dead time of about 0-2 second was 
the minimum for a 132-kV line.: 
Two methods could be used for executing re-closing 
cles. In one of these the interrupting nozzles were 
actuated for the opening operation, the isolator nozzle 
and isolator remaining closed, unless reclosure were 
unsuccessful, This method was particularly suitable 
for dead times of between 0-04 and 0-15 second. If, 
however, this period was extended, as was likely, to 
0-2 or 0-3 second, the longer duration of the blast 
resulted in excessive air consumption, unless special 
precautions were taken. Such additional equipment 
was unnecessary if the isolator and its associated 
mechanism allowed the isolator to be opened and closed 
within the minimum dead period specified. In this 
case, the nozzles and isolator opened in the usual time 
sequence and reclosure of the nozzle contacts followed 
when the blast was cut off. The isolator could then be 
reversed and closed, thereby completing the circuit 
in the normal way. With this method, the air consump- 
tion was no greater than with independent opening and 
closing and the dead time could be extended by delaying 
the closing-coil impulse 

One of the features of high-voltage air-blast breakers 
was the simplicity of maintenance. The main com- 
ponents which might require inspection or check tests 
were the insulation, interrupting contacts and valve 
gear, the accessibility of all these being influenced by 
the structural arrangements. The principal cause of 
dielectric trouble with high-voltage insulation was 
moisture absorption. On air-blast breakers this could 
be eliminated by the exclusive use of porcelain for both 
the permanently insulation to earth and the 
intermittently stressed insulation across the interrupter 
elements and shunts. To ensure the safe performance 
of the air tubes between live metal and earth and the 
intermittently stressed insulators on the interrupters, 
excessive condensation must be avoided and contamina- 
tion removed. In the case of tubes normally at 
atmospheric pressure, this could be achieved by 
passing dry air through them. When the air tubes 
were normally under pressure, chemical or refrigeration 
drying was necessary. The reliability of compressed- 
air mechanisms depended largely on valve design. 
Valve seatings must provide a high degree of air- 
tightness without risk of sticking in the closed position 
or of creeping under prolonged pressure. Metal-to- 
metal seatings had given good service over a number 
of years, and the pressure-drop rate for circuit breakers 
so equipped could be less than 1 per cent. per hour. 
Synthetic or natural rubber valve seatings, while 
excellent as regards air-sealing, lacked the other quali- 
ties for long service. 
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RAILWAY ROLLING STOCK AND 
TENDENCIES IN DESIGN.* 
By O. V. S. Buxxer. 
(Concluded from page 71.) 

Fig 12 shows an E. & N.E. Region B + B locomotive 
for the Manchester-Sheffield electrification at 1,500 
volts direct current on the overhead system. This 
engine was designed to handle passenger and freight 
trains over the Pennines, where gradients of 1 in 100 
are general, and top speeds of 65 m.p.h. are scheduled. 
The locomotive, in working order, weighs 87 tons 8 cwt., 
and has a maximum axle load of 22-5 tons. It is 
equipped with four force-ventilated nose-suspended 
traction motors, the two on each bogie being connected 
permanently in series with 750 volts across the brushes. 
The motors can be operated in series and parallel 
combinations, and four stages of field weakening are 
provided. A maximum one-hour rating of 467 h.p. 
per motor (1,868 h.p. per locomotive) is obtainable, 
but the normal one-hour value at full field is 435 h.p. 
per motor (1,740 h.p. aggregate), at 26 m.p.h. and with 
a tractive effort of 6,250 lb. per motor (25,000 Ib. total). 
The maximum starting effort is 45,000 Ib., with an 
adhesion factor of 4-36. Current is collected from the 
overhead line by two pantographs. The wheels are 
4 ft. 2 in. in diameter, the distance between the 
bogie centres is 23 ft. 6 in., and the total wheelbase is 
35 ft. This engine is at present in use in Holland, 
and is giving satisfactory performances. When 
running trials on the Manchester and Altrincham lines 
in 1941, with a train of six coaches weighing 250 tons, 
a speed of 25 m.p.h. was reached in 25 seconds. When 
times become more propitious, we may expect to see 
the electrification of the railways in all districts with 
intense passenger and goods traffic and, possibly, 
ultimately for the whole country. 

Diesel traction has demonstrated not only its suit- 
ability, but also its advantages for shunting purposes, 
where shunting is continuous throughout the 24 hours. 
Fig. 13 shows a Southern Region Diesel-electric 0-6-0- 
type shunting locomotive. The leading dimensions 
and particulars of this locomotive are: total wheelbase 
11 ft. 6 in. ; length over buffers 30 ft. 3} in. ; and wheel 
diameter 4 ft. 6 in. The total weight in working order 
is 55 tons 5 cwt., and the maximum axle load 18 tons 
16 cwt. The main weights and dimensions are shown 
in Fig. 14. 

The mechanical portion of the locomotive, such as 
frames, axleboxes, springs, brake gear, etc., was 
made at Ashford Works. The engine fitted develops 
350 brake horse-power at 680 r.p.m., the brake m.e.p. 
then being 72 lb. per sq. in. and the piston speed 
1,370 ft. per minute. The cylinders have a bore of 
10 in., with a piston stroke of 12 in. The direct-coupled 
main generator is a self-ventilated separately-excited 
machine, with six poles and interpoles, and six brush 
arms. A starting winding is provided for motoring 
from a battery in order to start the engine. The 
generator has a continuous rating of 360 volts 
450 amperes at 680 r.p.m. and, at the same speed, the 
auxiliary generator, which is overhung from the main 
machine, has a continuous output of 11 kW at 100 volts. 
Each motor has a one-hour rating of 375 amperes at 
500 volts, anda continuous rating of 220 amperes at 
500 volts; the axles are driven by spur gears with a 
ratio of 4-43 to 1. The locomotive is operated in 
sidings by one man, all controls in the cab being 
duplicated to enable him to drive from either side. 

The L.M.R. of British Railways has in service two 
1,600 h.p. Diesel-electric locomotives Nos. 10000 and 
10001, to the designs of Mr. H. G. Ivatt, these being 
the first high-speed Diesel-electric locomotives to be 
used in this country ; they are shown in Figs. 15 and 16 
opposite. The Diesel engine fitted is a 16-cylinder 
V-type four-stroke turbo-charged unit, with a 12-hour 
B.S.1. rating of 1,600 h.p. at 750 r.p.m. The cylinder 
dimensions are 10 in. bore and 12 in. stroke. Other 

iculars are as follows: maximum tractive effort, 
41,400 lb., and continuous rating, 15,000 lb.; length 
overall, 61 ft. 2 in. ; weight in working order, 121 tons 
10 cwt. ; total wheelbase, 51 ft. 2 in. ; and fuel capacity 
in main tank, 815 gallons. 

A six-coupled Diesel-mechanical locomotive is under 
construction by the Southern Region, and has been 
designed for both shunting and local-train working ; 
its maximum designed speed is 52 miles an hour. To 
enable the locomotive to be used over most of the 
Region, the weight has been kept down to 50 tons, and 
the maximum width to 8 ft. 6 in. The engine will 
negotiate curves of 4 chains radius. The maximum 
tractive effort at starting is 32,000 lb. A 12 RPH 
Davey Paxman 12-cylinder V-type engine of 500/600 
h.p. is fitted and is coupled by means of a Wellman 
Bibby flexible coupling and an 8.C.R. fluid coupling to 
a Powerflow gearbox, giving three speeds in either high 
or low range in each direction. The final drive is by a 





* Paper read before Section G of the British Associa- 
tion at Brighton, on Friday, September 10, 1948. 
Abridged. 
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Fig. 13. Sournzrn Reaion Dieset-ExLectrric SHUNTING LOCOMOTIVE. 
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jackshaft driving the centre axle. Coupling rods are 
fitted to the other wheels. The axleboxes are fitted 
with SKF bearings, and the horn guides are welded 
into the frame. The springs are under-hung, and the 
B.F.B.-type wheels are 4 ft. 6 in. in diameter. The 
engine and fluid coupling are carried on an all-welded 
bedplate and the frame stretchers and dragboxes are 
fabricated. Westinghouse straight air-brake equip- 
ment is used, in conjunction with double-shoe clasp 
brakes; the brake gear is fully compensated. The 
locomotive has a 600-gallon fuel tank. There is an 
auxiliary gearbox driven from the front of the engine, 
which drives a vertically-mounted fan for cooling the 
water and oil in two Serck radiators, mounted on each 
side of the engine housing. This gearbox also drives a 
Westinghouse compressor, a water p and two 
C.A.V. dynamos which supply two banks of Exide 
accumulators, one for engine starting and the other for 





lighting and cooking. 


(9383.m) Empty Weight 51. 15. 





The disadvantages of Diesel-electric traction in this 
country lie in the high first cost of the locomotives and 
the difficulty of running sufficient miles each day to 
absorb these capital charges, and their use of fuel that 
has to be imported. Claims are made that Diesel loco- 
motives can be operated by one man ; they can, and so 
can steam and electric locomotives, if need be. As a 
general rule, however, two men are used for other, 
and usually sufficient, reasons on Diesel as well as on 
other power units. Diesel locomotives with mechanical 
transmission are under construction, in order to reduce 
the losses when electrical transmission is used, and to 
reduce weight and cost. 

The Swiss gas-turbine locomotive, the first to be 
built, was constructed by Messrs. Brown Boveri for 
the Swiss Federal Railways. This development is of 
the greatest importance and may well represent the 
prototype of the locomotive of the future. The tur- 
bine-compressor-generator unit develops 8,200 h.p. at 














| 


ace’ 4457 

















Jan. 28, 1949. 





DEVELOPMENT OF BRITISH RAILWAY 





ENGINEERING. - 














ROLLING 


STOCK. 














Fic. 15. Lonpon Mtpianp Reeron 1,600-H.P. Diesex-Etecrric Locomorive. 
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full load, of which 6,000 h.p. is absorbed by the com- 
pressor at the full-load speed of 5,200 r.p.m. A con- 
tinuous output of 2,200 h.p. is thus available at the 
maximum track speed of 70 m.p.h. A feature of-the 
— is its suitability for power braking, due to the 
act that energy developed by the generator when 
driven as a motor by the traction motors acting as 
generators, can be absorbed by the compressor to a 
degree determined by a blow-off valve. Designed 
originally for burning Diesel oil, the combustion cham- 
ber functions equally well with lower grades of fuel oil 
at the same rate of consumption. The official trials 
took place on September 5, 1941, and a series of test 
runs has been carried out in subsequent years. Two 
locomotives to Mr. Hawksworth’s design, fitted with a 
Brown Boveri and a Metropolitan-Vickers gas turbine, 
respectively, using light or Diesel oil as fuel, are under 
construction for the Railway Executive. Western 
Region. This coal-producing country must be in- 
terested in the research work now being done on the use 
of pulverised coal in internal-combustion turbines, and 
the successful development of such a fuel would open 
the door to many developments. 




















17-Ton Mrnerat Waacon. 


Some of the tendencies in locomotive design having 
been dealt with, attention may now be directed to 
trends in the design of railway carriages and wagons. 
Post-war development has seen changes of a progressive 
character in respect of design, and its bearing on 
passenger comfort. It is the latter aspect which has 
influenced the design, and to-day it is customary for 
trains operating long distances to be composed of 
corridor vehicles of the saloon or compartment type, 
or both, and where compartments are used these are 
without outer doors, access into the vehicle being 
through doors situated at the ends and centre of the 
body of the coach. Increased roominess has been 
achieved in Southern Region stock by employing 
scantlings of lighter dimensions. The scantlings are of 
timber and the exterior panels are of mild-steel plate. 
All-steel vehicles are under construction. The roof is 
prefabricated in one unit, as are the body sections 
between the doors. These components are assembled 
in jigs and welded together, and to the underframe 
which carries them. The interior panelling, for the 
greater part, is of plywood having decorative veneers. 
The weight of the carriage underframe, bogies and 





wheels is considerable—18 tons in the case of a 33-ton 
coach. Here, too, much work is being done to reduce 
weight and thereby save steel. The new designs will 
effect substantial savings, while increasing the strength. 
Shoulder lighting has been provided for first- and third- 
class passengers, and an additional feature introduced 
into all compartments is the provision of electrically- 
heated foot-mats, the current being supplied from a 
generating set on the coach for this purpose. The 
corridors are heated by steam radiators situated in the 
exterior casing, supplied with steam from the loco- 
motive. The stock is equipped with centrally-fitted 
automatic couplings and Pullman gangways. Atten- 
tion has also been given to improving the general 
appearance and the cleanliness of lavatories by use of 
decorative plasticised materials. 

In the drive for reduced cost and light weight, much 
work has been done, and this may be exemplified by two 
wagons, one a 18-ton mineral wagon as built for the 
Ministry of Transport in 1946 and the other a 17-ton 
mineral wagon of new design, Fig. 17, in which the tare 
weight has been reduced from 7 tons 17 cwt. to 
6 tons 15 cwt. This reduction of 1 ton 2 cwt. has 
made it possible to increase the capacity of the wagons 
by 1 ton to 17 tons, with approximately the same 
weight on the rails. Considerable reductions in the weight 
of the bodies and also in many of the detail parts, such 
as brake gear, etc., were found to be possible by im- 
proved design and manufacturing methods. Table V 


TABLE V.—Weights of Wagon Details. 














Standard New Wagon 
R.C.H. Wagon. Design. 
Cwt. qr. Ib. Cwt. qr. Ib. 
Drawgear S' 2) ae CS eT. 
Brake gear 7 i 3 3 6 
Axleboxes 5 3 6 4 0 2 
Axleguards oe 3 114 2 3 2% 
Side spring stops 0 Oo 16 0 O 8 





gives the weights of parts to the former and to the new 
designs. The saving in weight of the brake gear is due 
primarily to it being of the tension, instead of the 
compression, type, which has long been a familiar 
feature of British Railway wagons; and, secondly, 
to the use of non-ferrous brake linings for the brake 
shoes instead of cast iron. 

It is hoped that this paper will have given an indica- 
tion, though an incomplete one, of the directions in 
which improvements in locomotives and rolling stock 
are being made. With the unified control resulting 
from Nationalisation, we may expect to see the applica- 
tion of advances in design accelerated and generally 
used throughout the country with benefit to the 
national interest generally. 





DISCUSSION ON AIR SaFETY.—A full-day discussion on 
air safety will be held under the auspices of the Royal 
Aeronautical Society at the Institution of Civil Engi- 
neers, Great George-street, London, S.W.1, on Saturday, 
March 5. Two papers will be presented at the morning 
session from 11 a.m. to 1 p.m., namely, “‘ The Theoretical 
Aspects of Airworthiness and Safety,” by Mr. J. D. 
North ; and “‘ The Physiological Aspects of Safety,’”’ by 
Dr. K. G. Bergin. A further two papers will be sub- 
mitted at the afternoon session from 2.30 to 4.30 p.m., 
the first being “‘ Safety from the Pilot’s Viewpoint,” by 
Captain J. W. G. James, O.B.E., and the second, “‘ Opera- 
tional Research into Air Traffic Control,” by Dr. G. E. 
Bell. A general discussion and summing up by the 
lecturers and chairman will take place during the evening 





session from 5 to 6.30 p.m. 
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NOTES ON NEW BOOKS. 


Electric Lifts. By R. S. Purures, M.1.E.E. Second 
edition. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. [Price 
358. net.) 

THE second edition of this book follows the general 

arrangement and style of the first edition, to which 

a chapter on lift accidents, a bibliography, and an 

appendix on the wear of ropes have been added ; but, 

in addition, most chapters have been modified or 
amplified, while some illustrations have been with- 
drawn or replaced and sundry new ones have been 
included. In particular, the chapters on controllers 
and maintenance have been extended. Mr. Phillips 
has taken his material from a wide range of sources, 
including the current editions of appropriate British 

Standard Specifications and the revised edition of the 

Code of Practice for Electric Passenger and Goods Lifts 

and Escalators. This edition, however, is open to 

similar criticism as applied to the first. The misuse of 
terms may cause confusion of thought; for example, 

“iron ”’ is used where “ steel ” is intended, and “ spiral ” 

is used for “ helical.” Some statements are at variance 

with others; for pn a method of deciding the 
approximate size of a car as given in Chapter 

T is difficult to patos with the graph of -car 

ing shown in Chapter IX. Another anomaly, 
which also occurred in the first edition, is the statement 
in Chapter XII that the safety gear is always fitted 
under the car framing; in the same chapter is shown 
an illustration of a safety gear designed to be fitted 
above the car. In Chapter I, the spacing of gui 
fixings is given as not more than 4 ft. and 6 ft. for round 
and T-guides, respectively ; but the grounds for this 
arbitrary statement are difficult to find, in that the 
economic spacing will vary with the section modulus 
of the guide, the size and weight of the loaded car (or 
counterweight), and the type of safety gear. A few 
misprints occur; on page 47 the cross sections of 

Figs. 306 and 30c are and the heading of 

page 109 should be “gearing.” The additional 

chapter on lift accidents deals with those which have 
been reviewed in Government publications; but, as 
the author indicates, the conclusion to be drawn from 
this chapter is that a lift constructed and maintained 
in accordance with present-day standards is a very 
safe method of transport. Subject to these comments, 
however, the book, as we observed of the first edition, is 

a useful collection of data, many of which are not readily 

accessible elsewhere. 


The Sealing Mechanism of Flexible Packings. By C. M. 
Warts and D. F. Denny. H.M. Stationery Office, 
York House, Kingsway, London, W.C.2. [Price 
10s. 6d. net.] 


HrrHERTO0, sealing has been more ofan art than a science, 
but the work referred to in this book should help to 
put the matter on a more scientific basis. The difficul- 
ties of such a research have been great and those who 
have been mainly concerned with sealing are most likely 
to appreciate this, but during the past decade much has 
been learned about the technology of rubber and 
synthetic rubber and the measurement of surface 
finish. The information was widely scattered, how- 
ever, making it impracticable to gather the knowledge 
together in a reasonable time. Moreover, much 
experience was regarded as confidential in a number of 
firms. A Gover t-sponsored research was there- 
fore the obvious means of approach and it is fortunate 
that the work was placed in capable hands. The 
report is divided into nine well-defined chapters, the 
last, ‘‘ Conclusions,” being followed by two appendices. 
The first of these tabulates the main particulars of 
240 tests and the second gives an exhaustive mathe- 
matical analysis of the film lubrication of a flexible pad. 
At the end of the book are 16 really clear plates—a 
int, because many otherwise first-c tech- 
nical publications during recent years have been 
by poor reproductions of a. Inci- 
dentally, the making of a good photograph of a damaged 
veliber ding etn eavhilely bo Guaaad an aus Gh, for it is 
not desirable to retouch photographs of damaged parts 
if the reader is to be convinced. The book is recom- 
mended to all concerned with sealing by flexible pack- 
ings, but it should be noted that it does not deal with 
rotary shaft seals. 








Metal Cutting Tools. By P. 8. Hovantron. Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 25s. net.] 

Unper the impetus of war, many far-reaching and 

revolutionary machine processes were introduced into 

industry, and among the most remarkable were those 
brought about by the increased performance of metal- 
cutting tools. The developments were seldom direct 
approaches to maximum efficiency owing to the restric- 


tions imposed by shortage of high-speed steel, icu- 
larly tungsten, the need to i 


safeguard against ill-treat- 


machine tools, and other cognate factors. The return 
to more normal conditions provides a suitable oppor- 
tunity to re-orientate knowledge according to the 
basically correct practice of metal cutting, and Mr. 
Houghton’s book can be recommended for the pur- 
pose, although it is aspen intended as a manual 
of instruction for the less experienced personnel of the 
toolroom, drawing office and machine shop. Tools 
in current use are described from the viewpoint of the 
user, presenting him with a clear insight into their 
construction, undeflying principles and behaviour in 
operation, without detailing needlessly the features of 
machine tools and tool-holders for which they are 
intended. The designer or tool-maker is thereby given 
@ fair idea of what is expected from his products, and 
the numerous tables of sizes, characteristics and clear- 
ances of standard tools and materials provide a com- 
parison for his own development work. The latter 
half of the book is a practical treatise on tool-making 
with chapters devoted to materials for cutting tools, 
heat-treatment and cutter-grinding. Great care has 
been taken to explain how the requisite qualities 
are imparted to the tools at all stages of manufacture. 
This is done without entering into details of the plant 
and equipment used, except as regards the grinding 
procedure and choice of wheels, which are adequately 
discussed at length. Coolants, cutting and 
power requirements are subjects appropriately included 
in the book, together with an outline of the practical 
application of negative-rake milling and turning, 
possibly the most ———- but least exploited, of all 
the war-time developments. The writer is clearly a 
master of his subject, his style being that of one 
accustomed to imparting knowledge for immediate 
a use; hence the k abounds with advice as 
ikely to influence the production engineer in his choice 
of a machine tool as, assuredly, it would discourage 
the temptation to grind a reamer by hand. 





Factory Administration in Practice. By W. J. Hiscox 

and James Srieuine. Sixth edition. Sir Isaac 
Pitman and Sons, Limited, Parker-street, Kingsway, 
London, W.C.2. [Price 8s. 6d. net.] 


Tuts book was first published in 1920, and its continued 
popularity is undoubtedly due to its excellence as a 
text-book for the various examinations in works 
organisation that engineering students are faced with 
to-day. Many aspects of the subject have been 
dealt with in more detail in the increasing number of 
books in this field which have ap in recent years, 
but it is particularly useful to the student to have in 
one volume a survey which covers all the basic ques- 
tions to which experience has shown that there are 
fairly definite answers, generally confirmed in practice. 
One of the most useful features of the book is, in fact, 
a list of such questions in an appendix. A study of 
these questions raises, perhaps, the heretical thought 
that the experienced man might find some of them a 
great deal more difficult to answer than would the 
student who has thoroughly mastered this book, for 
he will be aware of the many alternatives and qualifi- 
cations to such answers depending on the particular 
factory to which they apply. It appears from the 
introduction that similar difficulties have been encoun- 
tered by students using the book in the past and in 
its present form it will be the more valuable for the 
consequent revision that has been made. 





The Principles of Structural Mechanics. By Prrcy J. 
Watpram, F.R.I.C.S. Third edition, revised and 
e B. T. Batsford, Limited, 15, North 
Audley-street, London, W.1. [Price 18s. net.] 

Tuoszk who have heard Mr. Waldram address the 
various institutions of which he is a member do not 
need to be told that he has few equals in the art of 
clear and straightforward exposition and there should 
be a general welcome, therefore, for this new edition 
of his well-known text-book. The fact that, to quote 
the sub-title, the subject is ‘“‘ treated without the use 
of higher mathematics ” is probably one of the major 
reasons for its continued popularity during the 36 years 
that have elapsed since its first appearance ; special 
attention is given to graphical and abbreviated methods 
of computation, and even to-day, when some familiarity 
with the higher mathematics is much more general 
than it was in 1912, the simplicity and directness of 
the presentation is likely to prove a potent attraction. 
The book has been expanded by the addition of a 
chapter on reinforced-concrete work which provides 
good introduction to more jalised treatises. The 
remainder of the text has been thoroughly revised, 
previous appendices have been raised to the status of 
separate chapters and arranged in due sequence, 
and the whole of the type has been reset. It may be 
doubted, perhaps, whether the class of reader for whom 
the book is intended really requires the inclusion of 
an elementary chapter on the use of the slide rule; 
but that is the only doubt that it induces, and is not 





of the unskilled or use on unsuitable 


ment at the hands 





one to cause misgiving. 





CATALOGUES. 


Oil Diffusion Pumps.—Details of a high-speed oil 
diffusion pump which can utilise Silicone, Aprezian oj} 
and other common pump fluids are given in a pamphlet 
recently published by Messrs. W. Edwards and Company 
(London), Limited, Lower Sydenham, London, 8.E.26. 

Impact Wrenches.—Many different types and sizes 
of impact wrenches are described in a catalogue which 
may be obtained from the Ingersoll-Rand Company, 
Limited, 165, Queen Victoria-street, London, E.C.4. 
They are driven by compressed-air or electric motors. 

Vibrating Feeders.—‘‘ Locker-Traylor” electric vi- 
brating feeders have been in use for more than 20 years. 
A flameproof type suitable for mines has recently been 
introduced and is briefly described in a leaflet issued by 
the makers, Messrs. Lockers (Engineers), Limited, 
Warrington. 

Hydraulic Pumps.—aA revised brochure describing a 
range of “‘ Spiroglide ” hydraulic pumps has been issued 
by the makers, the Harland Engineering Company, 
Limited, B.E.P. Works, Alloa, Scotland. The pumps 
are supplied in a wide range of sizes in which the suction- 
branch diameter ranges from 2} in. to 7 in. 

Dust Control.—A number of applications of dust- 
control equipment are described and illustrated in a 
booklet published by Messrs. Dallow Lambert and 
Company, Limited, Spalding-street, Leicester. Wood, 
metal, ceramic and other dusts are controlled pneu- 
matically and removed by cyclones or filters. 


Automatic Stokers.—The economic advantages of 
“ Nu-Way ” automatic stokers are set out in a booklet 
issued by the makers, Messrs. Nu-Way Heating Plants, 
Limited, 54, Gillhurst-road, Birmingham, 17. The 
estimated costs of heating buildings of various sizes by 
electricity, gas, oil, coke and small coal fed by Nu-Way 
stokers, are given. 

Turned Metal Parts.—The Anglo-Swiss Screw Com- 
pany, Limited, Trout-road, West Drayton, Middlesex, 
who have been engaged in the quantity production of 
turned metal parts for nearly 30 years, have issued a 
leaflet which indicates the wide range of their facilities. 
They manufacture standard parts, such as screws and 
nuts, and special parts, in steel, brass and other metals. 

Ejectors.—The Ingersoll-Rand Company, Limited, 165, 
Queen Victoria-etreet, London, E.C.4, have issued a 
leaflet on steam-jet ejectors which are made by the 
parent firm in the United States. The ejectors are 
suitable for extracting air, gas and vapours from con- 
densers and other chambers, and can be supplied for 
steam pressures ranging from 2 Ib. to 400 Ib. per square 
inch. 

Flexible Tubing.— Compofiex”’ tubing, which was 
evolved shortly before the war, consists of two coaxial 
wire helices with a wall between, the material of the wall 
being chosen to suit the fluid to be conveyed. The 
tubing is made in lengths up to 30 ft., and in diameters 
from ¥, in. to 10 in., and some typical uses are described 
in a booklet issued by the makers,the Compofiex Com- 
pany, Limited, 14, Dartmouth-street, London, S.W.1. 


Automatic Boiler Control.—The Hagan system of auto- 
matic control for large and medium-size boilers is 
described in a pamphlet issued by Messrs. James Gordon 
and Company, Limited, Dalston Gardens, Stanmore, 
Middlesex. The apparatus is used for controlling draught, 
air-fuel ratio, superheated-steam temperature, feed 
water, etc., and can also be applied to soaking pits, open- 
hearth furnaces, coke ovens, and other plant. A French 
edition of the pamphlet is also available. 


Acoustic Strain Gauge.—Messrs. Muirhead and Com- 
pany, Limited, Beckenham, Kent, have sent us an illus- 
trated pamphlet describing a standard acoustic strain 
gauge specially suitable for outdoor conditions. This 
portable instrument, weighing about 38 lb. complete, is a 
form of null comparator which makes use of the changes 
in the vibrating frequency of a fine wire subjected to 
variations in strain. Strain alterations are indicated by 
comparing two audio-frequencies, one of which is pro- 
duced by a reference gauge, and the other by the test 
gauge. The test gauge is enclosed in a casing which 
can engage with rough surfaces such as masonry or 
corroded metal and the gauge units can be used as often 


as required. 


Rock-Drilling Machines.—The “‘ Quarrymaster ”’ rock- 
drilling machine, made by Messrs. Ingersoll-Rand, is 
described in a pamphlet received from the London 
branch of the firm at 165, Queen Victoria-street, E.C.4. 
The bit is reciprocated and strikes the rock more than 
200 times per minute. It is rotated slowly to a fresh 
cutting position foreach blow. The hine is ted 
on a tracked vehicle, all motions being derived from an 
air-compressor set which can be driven by a petrol 
engine, oil engine or electric motor. The same firm also 
issue leaflets on compressed-air “ drifters,” for drilling 
rock in tunnels, etc.; the Carset “ jackbit,” a rock- 
drilling bit with four Carboloy cutting edges; and the 
J-10 “ Jackhamer,” a light pneumatic hammer for a 








wide range of uses. 
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THE CONSTRUCTION OF 
ENERGY CHARTS FOR A 
DISSOCIATED GAS. 

By E. A. Bruass, B.Sc. 
(Concluded from page 75.) 


Fias. 5, 6 and7 show the properties of one pound 
of the working fluid of an engine running on the 
chemically correct mixture of carbon monoxide and 
air. It has been assumed that a fresh charge fills 
the cylinder each cycle, the residual gases being 
completely purged. Only the dissociation of CO, 
has been taken into account with the object of allow- 
ing a comparison to be made between Fig. 3 (page 74, 
ane) and Fig. 6 (page 98). Itis to be noted that 
the number of mols of CO per mol of CO, (at any 
given pressure) is slightly more in the second than 














H Fig. 5. 
550-> “ — 
2000 
500+ 
450-4 1209 
1700) 
400-4 11600) 
“ 1500) 
_ 
= 
350~ 1400) 





per 


: 
Abs. 
2 
| 
| 





Total Heat ...B.Th.U. 
aa 
L - % 





-? 


(gas: e) 


in the first case, but that the distortion of the 
curves is less. Both these effects are due to the 
nitrogen present, which has been assumed to be 
chemically inert. This assumption is not quite 
justified as it will be seen later that nitrogen 
oxidises at high temperatures to nitric oxide. 

The chart for the pre-combustion mixture is 
shown in Fig. 5, and in this case total heat and 
internal energy are plotted to a base of entropy 
with the horizontal lines representing temperature. 
Fig. 6 shows the properties of the post-combustion 
mixture in the dissociated region. The equations 
upon which the constant-pressure and constant- 
volume curves are based are respectively 


1 32 {Ee ae 


{7} er, T,)? 


z 








K PCO: = 
and 





. {l-—2z 
Kyo, = 38-947 | — } 


assuming T, = 400 deg. F. abs. 

The method of setting up and solving these two 
equations for a series of values of z has already 
been described in this article. It is to be noted 
that the correct values of the partial pressures with 
the nitrogen present have to be substituted in the 
fundamental equation of equilibrium 


Pcos 
Koo, 


Poco Ph 
The evaluation of Q, and Q, follows as above. 
In view of the number of functions which can be 
represented on an energy chart (vide Fig. 4, page 74, 
ante), the functions Q, and z have been omitted 
from Fig. 7, page 98, to avoid confusion—z is not 








generally needed at all and Q, is not required in 
the problem to be given as an example. 

Consider now the determination of the ideal 
attainable efficiency of an internal-combustion 
engine operating on the constant-volume or Otto 
cycle using the charts already constructed. Assume 
that the temperature and pressure at the beginning 
of compression are 550 deg. F. abs. and 14-7 lb. 
per square irch abs., respectively, with a com- 
pression ratio of 6. The initial state point is located 
on the compression chart (Fig. 5), where the pressure 
line corresponding to 14-7 lb. per square inch abs. 
cuts the temperature line 550 deg. F. abs. The 
volume at this point is 14 cub. ft. and the intern. 
energy is 95 B.Th.U. per pound. The volume at 
the end of compression is 44, or 2-33 cub. ft., 
and since compression is assumed isentropic the 
temperature and internal energy can be read off 
as 1,110 deg. F. abs.and 194 B.Th.U. per pound. 


E 


Internal Energy...B.Th.U. per Lb. 


.B.Th.U per Lb.x 


The work of compression is thus 99 B.Th.U. 
per pound. Heating at constant volume commences 
from some point on Fig. 7 where the volume 
line 2-33 cub. ft. cuts the temperature line 
1,110 deg. F. abs. and the heat added per pound 
is read from Table VI. Generally it is taken that 











TaBLE VI. 
Deg. F. abs. B.Th.U. per Ib. 
800 1253 
900 1253 
1000 1252 
1100 1251 
1200 1249 
1300 1248 
1400 1246 





the fuel is completely burnt at the lower tempera- 
ture, and that all the heat liberated is available for 
heating up the products from this temperature. 
Table VI shows the heat liberated at constant 
volume per pound of charge for different tempera- 
tures, obtained by dividing the heat of reaction 
per pound mol of CO by the total mass associated 
with one mol, in this case 96-67 Ib. The heat 
available in this case is 1,251 B.Th.U. per pound, 
which, added to the value of Q, at 1,110 deg. F. 
abs., 170 B.Th.U. per pound, gives the final value 
of Q, as 1,421 B.Th.U. per pound and a maximum 
temperature of 5,270 deg. F. abs. From this point, 
isentropic expansion takes place until the volume 
is 14, The temperature at the end of expansion is 
3,990 deg. F. abs. with Q, equal to 920 B.Th.U. 
per pound. The total expansion work is thus 
501 B.Th.U. per pound, giving the net work per 





cycle as 402 B.Th.U. per pound and an ideal attain- 
able efficiency of a or 32 per cent. 


Up to this point only the dissociation of CO, 
has been considered, and the application of the 
fundamental equations to drawing up an energy 
chart has been demonstrated. In general, the 
products of combustion will consist of the four gases 
CO,, H,O, O, and N,, and considerable compli- 
cations arise if all the possible dissociations are to 
be considered. In the paper by Hershey, Eberhardt 
and Hottel, mentioned previously, the authors con- 
sidered the dissociation of CO, to CO and O,, the 
dissociation of H,O to H, and O,, the dissociation 
into atoms of H, and O,, and the formation of OH 
and NO. This was indeed thorough, and charts 
for the pre- and post-combustion mixtures were 
constructed, taking three air-fuel ratios for an 
engine operating on octane as representing a good 
quality petrol. It is to be doubted whether it is 
justifiable to consider the formation of atoms of 
hydrogen and oxygen and to take account of the 
formation of OH and NO in the construction of 
these types of energy chart when so much depends 
on the factors already considered above. If, for 
example, the dissociation of molecules into atoms 
is worth accounting for, then the variation of the 
mass of the residual gases with the compression 
ratio is even more worthy of consideration, and it 
would not be enough to assume a mean value. 
However, if this point alone were granted, the 
charts would have no practical use, being only 
suitable for one compression ratio. It is the writer's 
opinion that it is sufficient to neglect dissociation 
into atoms and other possible chemical changes, 
accounting for the remaining four cases only. 

If it is required to draw up an energy chart for 
A mols of CO,, B mols of H,O, C mols of O,, and 
D mols of N,, taking into account the reversible 
chemical reactions, 


CO, + CO + 40, H,O = H, + 40, 
40.+43N,2NO, H,OS OH + $H;,, 
let x denote the number of mols of CO formed; 
y the number of mols of H,, z the number of mols 
of NO, and uw the number of mols of OH. The 
equilibrium mixture at any pressure P and tempera- 
ture T is as follows : 


CO,—(A — 2) 

co —z 
H,O —(B — u — y) 

H,—(y + 3) 

OH —u 

O,—(C + ix + fy — 2) 
NO —<z 

N,—(D — #) 





Total M—(A +B+C+D + tc + + #u) (mols) 





The four conditions of equilibrium are 


Pcoe Poco PH20 
Kp, atiera - Kpy.g. ae eee 
Poo Po, Pure Pcoe 
- PH30 Pxo 
Kypox = are and Kpxo = se 
Pou Pa, ¥, 0, 


(w.g. = water-gas reaction) 


Substituting the partial pressure of each gas, these 
four equations may be rewritten as 





x a A-z M\t 
PCO, (CO + 0-52 +0-5y —0-52)3\P/’ 


x z(B wah. tes y) 
Pweg. (A —z)(y +0-5u)’ 


K B-u-2 (ee 
Pou u(y + 0-5u)h\P/ ’ 


and 





2 
(D — 0-52)h (C + 0-5x + 0-5y — 0-52)t 





Kpxo = 


For any value of T, the equilibrium constants and 
the ratio = are known, yielding four equations in 


four unknowns, so that the values of z, y, z and u 
may be found for any value of T. Hence the 
analysis of the mixture for any value of P, V and T 
can be found and the corresponding value of the 
entropy using equation (5) in an extended form. 
If the number of mols of the constituent gases of a 
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mixture are m,, m3, Mm, , the sum being 
denoted by m, then the total entra is given by 


S =X (mS) +im B em zm — Xm Rie. P . (20) 
J ™m J 


at any temperature of T and pressure P (atmo- 
spheres). 

The calculation of Q, and Q, is carried out as 
before using equations (6) and (10), respectively. 
It will be necessary to apply each equation four 
times, once for cach reaction, and add together 
the four Q, or Q, values so obtained to get the 
tot:] Q, or Q, value. This would provide enough 
information to plot an energy chart of the type 
alresdy developed. Sufficient calculative work is 
involved in the construction of this chart to deter 
many from undertaking it, but this fact by no 
means diminishes the value of the equations, which 
still remain the basis for the calculation of the 
cycle itself. 

The writer trusts that the fundamentals developed 
in this article will help others to tackle with greater 
thoroughness problems involving gas mixtures at 
higher temperatures. The work was carried out in 
the University of Glasgow with facilities provided 
by Professor James Small. 





LITERATURE. 


Trends in Engineering Education: The Columbia 

Experience. By PROFESSOR JAMES KIP FINCH. 

Columbia University Press, Morningside Heights, 

New York 27, U.S.A. [Price 2 dols.]; and Oxford 

University Press (Geoffrey Cumberlege), Amen House, 

Warwick-square, London, E.C.4. [Price 11s. 6d. net.] 
In this book. Professor James Kip Finch, Dean of 
the Feeulty of Engineering of Columbia University, 
New York, deals not only with general educational 
problers, but with two which give concern to all 
who have to do with the education of engineers : 
namely, those of broadening the course to include 
something of the humanities, and of giving much 
greater attention to fundamental science. These 
two aims are difficult to reconcile and, although 
Columbia has evolved one solution to the first 
problem, it is not clear that an answer has been 
found to the second. 

The School of Engineering at Columbia University 
is independent and can experiment freely. For 
many years, it has broadened its courses under the 
stimulus of President Nicholas Marray Butler, who 
questioned whether work in a technical or pro- 
fessional sphere, entered upon without a broad 
preperatory training, was a legitimate university 
activity. Columbia’s original experiment, in 1914, 
required the engineering student first to take an 
Arts degree, the combined course extending over 
six years. This plan was converted in 1923 to the 
present five-year scheme, in which the Arts College 
course (an amalgam of Arts and Science subjects) 
now extends over two years. The student takes 
science and engineering subjects for two further 
years and is then eligible for a first (B.S.) engineering 
degree. After a fifth year, regarded as post- 
graduate (graduate is the American term), the 
student can qualify either for a professional engineer- 
ing degree or for a Mister’s degree (M.S.). Most 
of the students take the latter. 

The division of a four-year undergraduate course 
between two faculties is uncommon ; other American 
universities achieve much the same course content 
within one faculty, using specialist lecturers from 
another as may be necessary. The Columbia 
scheme is said to have the advantage that the first 
two years can be selective, the student switching 
to law, medicine, business, etc., if the introduction 
to engineering proves unattractive. This option 
lessens the percentage of failures, which, the author 
thinks, is attributable more to a wrong choice of 
earcer than to inadequate entry qualifications. 
The obvious disadvantages are revealed in his 
comment that liberal Arts and Engineering faculties 
are too often alike in several “ disrespects.” The 
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contents of the two courses are given only in outline ; | of a normal Arts or Science course ; but the crux of| In urging upon universities the necessity for more 
much more information, on vhese and on entry | the problem—whether it is possible, without extend-| advanced studies and for fundamental research, 
standards, is necessary before any comparison with | ing a course, to introduce worth-while studies in the | the author refers, more thin once, to the reliance 
British schemes is possible. It would seem probable, | humanities while elevating, and not merely preserv- | placed in the p1st upon the contributions of Euro- 





however, that the mixed Arts course imposes less | ing, scientific standards—has hardly been answered | pean workers. He assumes that Europe is.in eclipse 
severe discipline than would the first two years! convincingly. and that the United States must depend in future 
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upon its own resources; no one would question 
the latter, but if necessity is really the mother of 
invention, the former may prove to be too pessi- 
mistic a view. In his more general comments, 
Professer Finch writes with wisdom. He emphasises 
the need to reduce the time-lag between discovery 
and use ; he stresses the need for higher standards in 
mathematical and scientific competence, deals admir- 
ably with the ethics of research in colleges ; urges the 
importance of the study of labour-management 
and argues against the exclusive study of inanimate 
things. An important problem in every democratic 
country is that of ensuring, in the desire to give 
equality of opportunity, that the training of the 
best is not hampered by the needs of the mediocre. 
Dean Finch deals with this forcefully, but without 
indicating how the problem may best be solved. 

The English reader will learn with surprise that the 
engineering centre of the world is now New York, 
and with amusement that the general American 
comment on European engineers has been that 
“they are highly competent in advanced mathe- 
matics and science but haven’t a practical hair in 
their heads.” These, perhaps, are matters of 
opinion, not to be counted against the book, which 
is one to be read and pondered over by all in- 
terested in engineering education. 





Manual of Geoletic Astronomy: Determination of Longi- 
tude, Latit de, and Azimuth. By A. J. HOSKINSON 
and J. A. DUERKSEN. Supecri tendent of Documents, 
United States Government Printing Office, Washington 
25, D.C., U.S.A. [Price 1 dol.] 

Amone the different applications of astronomy 

perhaps the most important is its use in finding the 

geographical latitude and longitude of any place on 
the earth from observations of celestial bodies. Such 
observations may be used for various purposes, the 
determination of the exact latitude and longitude of 
an observatory, the position of a ship in mid-ocean, 
or the construction of maps, and, in each case, 
accuracy of measurement is of primary importance. 

For geodetic purposes, it is also essential to provide 

robust instruments which are sufficiently light for 

easy transport. ‘Lhe present manual, Special Publi- 
cation No. 237, covers the instruments and methods 
used by the United States Coast and Geodetic Survey. 

In the matter of arrangement, the treatment of 
geodetic surveying leaves little to be desired, 
whether the point under discussion is the general 
organisation of a camp, the operation and mainten- 
ance of a particular instrument, or the method to 
be adopted in the case of doubtful observations. It 
is also of interest to find a description of the latest 
procedure in longitude determination as modified by 
the introduction of radio time-signals, for the 
chronometer rates so determined are unquestionably 
more reliable than those obtained, as in the pwt. 
from the star sets themselves. Of the several 
instruments, special attention is prid to the Bumberg 
broken-telescope, for a number of reasons: it has 
been employed almost exclusively for both longitude 
and latitude observations since 1914; and the use 
of the same instrument for both purposes results in 

a great saving of time, by reason of the fact that it 

requires only from 15 to 30 minutes to make the 

change for latitude work after the instrument has 
been set up in the meridian for longitude work. 
Many students of the subject wil] welcome what 
the authors have to say in the concise account of the 
two principal methods in use by the Survey for the 
astronomical determination of the azimuth of a 
triangulation line, or, what is the same thing, the 
direction of that line in relation to the meridian of 
the station at which the observations are made, 
since there is perhaps no other geodetic operation 
in which the choice of method, the perfection of the 
instrument and the skill of the observer enter so 
directly into the value of the result. Furthermore, 
precise azimuth determinations become increasingly 
difficult beyond latitude 50 deg.; in Alaska, for 
instance, there are only certain areas where the 

standard method of Polaris observations with a 

theodolite can be used satisfactorily. Part III shows 

how the broken-telescope type of astronomical transit 
may be u ed with advantage in these circumstances. 

The book is naturally of a practical character, but 

the numerous half-tone reproductions and line 

diagrams, tabulated data and charts render it a 

self-contained source of instruction and reference. 


THE ENGINEERING 
OUTLOOK. 


V.—Coat Macntnery, Steam Ralsmne aNnpD Heavy 
ELECTRICAL PLANT. 

Tue need for higher productivity has been 
sufficiently stressed by Sir Stafford Cripps and others 
during 1948. A heavy responsibility devolves on 
those sections of the engineering industry producing 
the plant, machinery and equipment required to 
modernise the corl-mining industry end to expand 
electrical generating capacity, for, unless industry 
is assured of adequate supplies of fuel and power, 
prescriptions of better organisation and more 


machines are entirely wasted. After this point hrd | 


been brought home forcibly by the fuel crisis in 1947, 
the Government initiated measures to ensure that 
there should be no hold-ups ir the production of coal- 
mining machinery and power-house equipment. 
Manufacturers were given the highest priority for 
steel supplies by inclusion in the Prime Minister’s 
list, and, according to the targets proposed in the 
White Paper on Capital Investment, it wae hoped to 
expand the labour force engaged on modernising co] 
mines, increasing electricity supplies and on general 
plant maintenance and repwir work for these indus- 
tries from 12,127 in June, 1947, to 18,200 in June, 
1948. Moreover, to ensure as far as possible that 


TABLE I.—DELIVERIES OF COAL-M'NING MACHINERY. 





belting was greater than had been expected, it was 
found possible to cancel only a small proportion of 
the contracts placed in America, and the Bourd 
were obliged to take deliveries of 1-9 million ft. 
at 4 dols. a foot, to be spread over 1948 and 1949. 
The improvement in output of mine locomotives 
is also to be welcomed. The scope for their employ- 
ment, however, is still comp ratively smull and it 
will aot be possible to introduce them on a really 
large scale until reorganisation and redevelopment 
of the mines is well in hand, Locomotive minu- 
facturers, however, have made much progress in 
adapting their products to the difficult conditions 
encountered in British pits. During the year, the 
North British Locomotive Comp ny put their new 
“North British Miner” on the m rket, and the 
first models are to go into service at L mbton 
Colliery, Durham. This machine, which is availble 
in the two stand rd track gauges of 2 ft. 6 in. and 
3 ft., can undertake a range of duties covering the 
haulage of loads of from 100 tons to 400 tons at 
speeds of 3 to 15 m.p.h. Output is at the rate of 
three a week, but could be increased if necessary. 
The Hunslet Engine Compiny, of Leeds, were 
reported in April to be bringing into production a 
2j-ton “‘ pit-pony” flameproof Diesel locomotive 
for service in those pite where louds are light, 
curves are severe, and the ro:dways are restricted 
in size. This locomotive was designed in response 


(Monthly Aver ges.) 
































' 
| | Under- 
. * Conveyor | ground Tubs and 
Coal-cutters, Power Loaders, Conveyors. Belting.t Loco- Mine Cars. 
motives. 
| | 
—~. For For For 
Total. | | Total. | | Total. | 
Export. Export. Export. Carrying 
- ee <n Be —— Number. | Capacity, 
ons, Tous, 
Number. 
1944 6 | 8 8 - 110 6 | ~ —- | = 
1945 54 9 8 1 132 8 _ _ = 
1946 87 22 10 1 | 205 35 — = a 
1947... ‘i -— Tl Ue 9 1 222 19 1,915 4 | 4,699 
1948 (Jan.-Oct.) ..| 102 — | 3 | 3% 34 2,257 8 | 4,957 
1947—October aa 95 12 11 4 249 37 2,633 9 | 5,330 
November 96 28 5 _ 254 10 2,205 14 4,360 
December -s | & | & _ 338 21 2,075 5 4,640 
1948—January a oe 2 — 271 14 2,658 6 5,160 
February : fe | ae ag 4 316 35 2,331 7 4.760 
March . RS 16 CO 12 3 358 46 2,246 5 5,190 
April : 130 27 9 — 363 40 2.658 9 4,440 
= | 66 24 17 eae 311 43 2'082 4 4.236 
June . | 112 19 10 3 326 24 2,120 10 4,398 
July .. | wa | ® 14 2 313 49 2,139 . 4.520 
August i ee a oe ie 1 245 22 2.029 7 5.470 
September .. > | a4 2 377 22 2,232 11 5.300 
October ao ae a 19 14 318 47 2,079 10 5,560 
! 




















* Including A.B. Meco-Moore cutter-loaders, 


manufacturers obtained all the necessary materials 
and components, and to arrange the sequence of 
orders so that deliveries would be made in time, a 
special division was set upin the Ministry of Supply, 
comprising the two new Directorates of Power 
Station Equipment and Mining Equipment, and the 
Directorate of Royal Engineer Equipment. The 
industries under review thus entered 1948 well 
supported by all the artillery of economic planning. 

In the mining-machinery industry, output per- 
formance in 1948 showed some improvement as 
compired with 1947 (see Table I, herewith). Deli- 
veries of conveyors show an increase of nearly 
50 per cent. as comp.red with 1947. This is p»rti- 
cularly welcome, since it is through haulage reor- 
ganisation and the consequent freeing of haulage 
men for up-gradirg to more productive work at 
the face thay the greatest contribution to increased 
productivity in the coal industry can probably be 
made. It is estimated that, in Britain, one man is 
engaged on haulage for every five tons of coal 
raised, as compared with one for every 25 tons in 
Holland and one for every 50 tons in the United 
States. At the end of 1947, 75 per cent. of the total 
output of coal by the National Coal Board was 
mechanically conveyed; the increased output of 
conveyors in 1948 should raise this proportion by at 
least another 3 per cent. The improvement in 
supplies of conveyor-belting at the end of 1947 
took the National Coxl Boord by surprise. To 
cover an estimated deficiency of home production 
as compared with requirements of 2,000,000 ft. in 
1948, an order for this amount was placed in the 
United States. When it became evident that the 





ability of home manufacturers to supply such 





t Production mainly for the National Coal Board, 


to requests from the Durham coalfield, where many 
pit ponies are in use and where the conditions are 
generally unsuitable for existing standurd Diesel 
locomotives. 

Deliveries of corl-cutters tc the National Corl 
Boord in 1948 have been at the rate of 78 a month, 
as comp red with 76 in 1947. Fifty per cent. of 
the increase in output of these m chines his gone 
for export. In December, 1947, 75 per cent. of the 
tot.l output of British mines was mech ‘nic. lly 
cut ; improved deliveries in 1948 will probably raise 
this figure by no more thon | to 2 per cent. The 
scope for improving productivity by increasing the 
proportion of co.l cut mech wie uly in British mines 
is now comp fatively sm.ll, however, and, while it 
is intended to increase the output of co.l-face 
machinery under the Four-Year Pl.in, this increase 
is intended to be devoted to exports which, in 1950, 
are to be 30 per cent. higher than in 1948. In the 
United States, where the more favoursble mining 
conditions make it possible to cut 90 per cent. and 
lod 50 per cent. of the coal mechwically, new 
continuous coal-cutting machines of original design 
were demonstrated in 1948. The “ Colmol”™ (col 
mole), a 26-ton tractor-driven machine, is said to 
be able to bore into the working face and lo»d coul 
into waiting cars at the rate of 3 tons a minute or 
1,500 tons a day. The mochine pushes two rotting 
rows of ten claws, or cutting heads, aginst the face 
of the coal and cuts a hole wider and higher thin 
the machine, permitting it to move to and from the 
working fece. Full technic: det. ils of the ** Colmol” 
have been acquired by the Notion.l Co +l Bo rd and 
one machine is on order to see whether it can be 








adapted to mining in Britain. 
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The “‘ Colmol ” apart, intensive American schemes 
of mechanisation have only a limited application to 
British mining, but, nevertheless, they have been 
making rapid headway. Production of coal by such 
methods in 1947 was 5,000,000 tons (2-5 per cent. 
of the total output), as compared with 4,000,000 tons 
in 1946. At the beginning of 1948, A. B. Meco- 
Moore cutter-loaders were producing at the rate of 
35,000 tons a week, with an output per man-shift 
in excess of 7 tons. With a delivery rate of ten 
power loaders a month in 1948, the output of coal 
mechanically loaded should show an improvement 
of something more than a million tons in 1948. 

The need to improve the quality of coal as well 
as the quantity reaching the consumer has been 
recognised by the National Coal Board. Fifty-five 
new coal-preporation plants, with a capacity of 
about 14 million tons a year and costing 5,000,000/., 
are operating, under construction or on order; 
while 140 new schemes, to cost 201. to 251. millions, 
are under consideration to deal with about 60 mil- 
lion tons of raw coal annually. A standard plan 
has been designed which should enable manufac- 
turers to increase their rate of output. When all 
the new plants are in operation, 70 per cent. of the 
coal will be mechanically cleaned, as against 47 per 
cent. at present. The decline in the quality of cosl 
had already been arrested by the end of 1947, 
according to a statement by the Central Electricity 
Board. In the autumn, the loss of capxcity at 
power stations due to unsuitable coal fell to less 
than 200,000 kW, the lowest for a number of years. 
In 1946, the corresponding loss was 380,000 kW. 

The total sum to be spent on development, recon- 
struction, plant replacement and new coal-prepara- 
tion plant for the fiscal year 1948-49 is to be 
251. millions, In 1949-50, 341. millions are to be 
devoted to investment of a similar type, and it is 
hoped that, in that year, increased mechanisation 
underground, the reorganisation of haulage methods, 
and the development of drift mining will have 
secured an increase in productivity in deep-mined 
coal of about 5 per cent. as compared with 1948-49. 
Besides catering for the requirements of the National 
Coal Board, the mining-machinery industry has been 
able to increase its exports substantially above the 
1947 level, as shown in Table II, herewith, and to 
play a part in the European Recovery Programme. 
From January to November, 1948, 39,355/. worth 
of mining machinery was sent to France and 11,7571. 
to Belgium. Exports, however, are still at little 
more than a token level. The importance of main- 
taining exports of capital goods has been stressed 
by many manufacturers and has been appreciated 
by the Government. They have pointed out that 
export markets, once lost, may take years to 
recover, if they can be recovered at all. Buyers of 
capital goods are not easily induced to change their 
sources of supply and if, unable to secure delivery 
from Britain, they turn to other suppliers, they are 
likely to go on buying the same machine, spares and 
replacements from these suppliers. This, then, 
was the justification for continuing exports of such 
items as electricity-generating plant at a time 
when the highest priority had to be given to the 
expansion of generating capacity at home. 

In the comparatively mild winter of 1947-48, the 
load had to be reduced on as many as 61 days, 
and, on one occasion, the deficit was as much as 
900 MW. It was essential, therefore, that, in view 
of the upward trend of demand on the one hand, 
and the increasing age of existing plant on the 
other, the greatest possible effort to increase gener- 
ating capacity had to be made in 1948. In the 
Economic Survey for 1948, the Government envis- 
aged an increase in estimated capacity at peak of 
1,020 MW, making a total of 10,550 MW installed 
capacity for the winter of 1948-49. Between the 
winters of 1946-47 and 1947-48, the net increase 
in installed capacity had been only 281 MW. In 
view of the shortages of materials and labour, and 
the lack of capacity for the production of many 
types of power-house equipment, it soon became 

evident, however, that, if exports were to be main- 
tained, the target for the exparsion of domestic 
generating capacity could not be achieved. 

In 1947, 1,035 MW was dispatched by manu- 
facturers of generating plant. Of this, 570 MW 


for plant not completely erected, and that which 
could not be used to full capacity because of short- 
ages in other sections of the installation, the actual 
amount of new plant commissioned was 460 MW. 
At the rate of output achieved up to September, 
1948, it seems unlikely (although, in the case of 
capital equipment, it is not safe to base such con- 
clusions on part-year figures) that deliveries of 
generating plant (see Table ITI) will greatly exceed 
1,300 MW. Deliveries to the British Electricity 
Authority will probably be of the order of 850 MW. 





j Tons, 








Eieven Months ended 


new generating capacity. The installation of boilers 
and turbo-alterators must be carefully linked with 
the building and civil engineering work involved, 
and, since these have been subject to delays in 
1948, the advantages which might have been 
derived from improved deliveries of generating plant 
would probably have been fairly small. 

While the need to continue exports is admitted, 
it may be contended that the Government have 
taken unjustifiable risks over the domestic electri- 
city-supply situation. Mr. Gavin Martin, general 


TABLE II.—Exports oF MINING MACHINERY (OTHER THAN PORTABLE POWER TOOLS). 


Value (£1,000). 


Eleven Months ended 














—— Eleven- November 30. Eleven- November 30, 
twelfthsof (| _ “e i twelfths of rey 
1938 Total. 1938 Total 
| 1947, | 1948, | 1947. | 1948. 
| | 
7 ASUS a ee ee eee ee 
Coal cutters 525 858 1,060 114 367 460 
Winders .. | 3,270 2,020 2,234 266 348 377 
Other 19,665 10,375 | 13,324 1,732 1,663 | 2,361 
Total | 23,460 13,253 | 16,618 2,112 2,378 3,198 








TABLE III.—DELIVERIES OF ELECTRICITY-GENERATING PLANT. (Monthly Averages or Calendar Months.) 





Steam Turbo- Alternators, 

















Water Steam Turbo-alternators, 
| Turbines. 10,000 kW and Over. Less than 10,000 kW. 
— Total. For Export. Total. For Export. Total. | For Export. 
| -———--- —— axaneeenianiouenion — — —o . — 
| (1,000 b.h.p.) (1,000 kW.) 
1946 ae te 12-1 12-1 67.5 23-0 16-7 13-4 
1947 we met 10-7 10-7 86-3 36-6 13-6 8-6 
1948* _ | 5-1 5-1 110-2 36-6 9-2 7-1 
1947—July 4-9 4-9 80-0 18-8 
August -—- = 15-0 — 15-4 9-0 
September - — 20-0 20-0 
October 11-1 11-1 135-5 30-0 
November | 42-0 42-0 122-0 92-0 13-9 7-4 
December | _— -— 141-3 61-3 
1948—January ..' — — 380-0 50-0 
February _ 3-7 3-7 80-3 48-8 42-3 33-3 
h o« 23-7 23-7 35-0 | 20-0 
April ool — = 52-0 _ 
y Jol 4-5 4°5 102-5 50-0 24-3 18-2 
June el 8-5 8-5 86-5 25-0 
July = - 165-0 40-0 
August -= —_ 192-3 18-8 16-4 12-4 
September | - _ 198-4 78-4 
i i ; ' 
* Calculated on first nine or first eight months, 
TABLE IV.—Exports OF ELECTRICAL MACHINERY. 
Tons, Value (£1,000). 





Eleven Months ended 


| 
! 
| 
| 
} 


Eleven Months ended 


























oe Eleven- | November 30. Eleven- November 30. 
twelfthsof (| twelfths of ave 
1938 Total. | 1938 Total. 
1947, | 1948, 1947. 1948, 
} 4 ! pein aa 
Generators complete*-— | | } 
Not exceeding 200 kW we 1,980 4,361 | 7,081 419 1,452 3,147 
Exceeding 200kW .. oes 7,453 | 11,135 | 5,660 | 1,310 3,770 | 2,019 
Parts .. =a a Ra 5,104 5,163 | — 1,836 | 1,920 
Total oa | 9,433 | 20,690 17,854 | 1,729 7,058 7,086 
Transformers for lighting, heat- | | | 
ing and sas Sal 9,619 15,894 15,310 1,114 3,120 3,533 
Rectifiers power-house use. . | 207 4 462 33 195 242 
Switchgear and switchboards 
(other than telephone and 
telegraph) o- os oe 8,929 | 10,672 12,151 | 2,030 4,084 6,158 
Total | 18,755 | 26,996 27,923 | 3,182 | 7,399 9,933 
Steam Turbines. . .. 2 Too 3,272 | 420 | (1,884 1,547 
Total, abovetypes .. | 29,444 | 50,038 49,049 | 5,381 | 15,791 18,566, 


| 





* Includes parts in 1938. 


The net increase in generating capacity will certainly 
be much less ; from January to the end of October, 
it was only 421 MW. It is estimated that the 
maximum capacity which can be brought into 
operation at times of peak demand in the winter 
of 1948-49 will be only 9,700 MW. Moreover, 
there are indications that, as a result of increasing 
mechanisation in industry, the peak demand may 
be somewhat above the 11,680 MW forecast in the 
Economic Survey, and, on a severe winter day, may 
be as high as 12,000 MW. It does not appear 
likely now that the capacity will be fully adequate 
before 1952. Exports of generating plant, therefore, 
have probably been maintained at some risk to 
productivity, although the supply of generating 





was for the Central Electricity Board, but, allowing 


equipment is only one factor in the construction of 








t Includes converters in 1938, 


secretary of the Confederation of Shipbuilding and 
Engineering Unions, speaking at the annual con- 
ference of the Electrical Trades Union on May 11, 
strongly criticised the Heavy Electrical Plant 
Committee and the present programme of building 
“super power stations.” He claimed that many 
of the weaknesses of this country sprang from the 
fact that there was no real plan for engineering ; 
such a plan would speed up the task of closing the 
gap between electrical supply and demand. He 
thought it possible to mobilise additional capacity 
for the most urgent needs, such as heavy electrical 
plant, transport equipment, coal-mining, agricul- 
tural and textile machinery. It could be expected, 
however, that, even if supplies of the right type of 
labour were quickly available, the additional 
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<iite sought by Mr. Martin could not be mobi- 
lised very quickly. There would also be a delay 
between the production and commissioning of the 
new equipment, Since, moreover, the problem of 
closing the gap is one, which, at the outside, should 
not persist for more than a further two years, it is 
doubtful whether anything would be gained ; and, 
apart from the dislocation which such a policy 
would cause in the heavy electrical plant industry 
in particular and the engineering industry in general, 
the makeshift and temporary measures proposed 





TABLE V.—DELIVERIES OF BOILERS AND BOILER-HOUSE PLANT. 








result of close liaison between the electrical industry, 
the Government and the iron and steel industry, 
the target production for the year of electric sheet 
steel was raised from 100,000 tons to 140,000 tons. 
The standardisation of steam-driven turbo-alter- 
nators for the British Electricity Authority at 
30,000 kW and 60,000 kW has also helped to increase 
output. On the other hand, although figures are not 
available, labour recruitment has not come up to 
expectations and the shortage of iabour has been 
acute. 


(Monthly Averages, £1,000.) 

































































10,420 | 


Water-tube Boilers. Shell Boilers. Steam-raising Plant and Accessories. 
—- | Fuel-Oil Burners. Other Plant, ete, 
Total. For Export. Total. For Export. 
| | Total. | For Export.| Total. For Export. 
| | | 
~« «A 564 330s 112 ae = 410 | 180 
ee ee 573 414 147 183 45 403 83 
1948 (Jan.-Sept.)} 1,812 | 704 588 200 220 49 531s | 129 
1 aa 
2,052 779 466 149 0«=— |i 63 510 | 98 
November 1,795 | 781 580 206 208 85 468 88 
December 2147 | 822 | 669 278 ee 145 
1y45— | 
January 1,533 | 6651 486 172 | 278 | oe | @2 } a 
February | is7s | = 782 478 1540] SCs«199 a. 130 
March 1,961 667s 536 242 262 57 516 112 
April be 2,115 873 587i 2138 234 59 578 195 
B55 | 1,798 737 sso 209 227 56 495 | 97 
June .. 2,010 781 574 266 | 220 43 702 167 
July .. | 1,884 541 520 | 178 200 CO 48 536 | 108 
August | 1622 581 506 186 | 141 | 26 “430—COS 103 
September | 2,018 771 622 180 186 | 29 58 142 
TABLE VI.—Exports OF BOILERS AND BOILER HovusE PLANT. 
Tons, | Value (£1,000). 
Eleveh Months ended Eleven Months ended 
—_—- Eleven- | November 30. Eleven- | November 30. 
twelfth —_ twelfths of | 
1938 Total. | 1938 Total. | 
1947. 1948. | 1947, | 1948, 
Water-tube boilers 30,142 20,389 25,648 2,134 2,792 | 8,650 
Locomotive-type boilers for | 
stationary 759 319 409 53 48 54 
Lancashire and : boilers | 1,273 2,585 2,433 57 206 247 
Vertical — Sum 2.819 1,576 2,269 195 {| 201 334 
Other boi ’ 6,484 6,095 883 922 
Sen feed-water er heaters | | 
and steam superhea .| 6,20 9,486 6,831 342 1,298 | 813 
Other boiler-house — | 10,106 $1,505 16,561 760 4,992 3,101 
Total . | 51,306 72,204 60,246 3,541 9,121 





for the electrical-supply industry would not be to 
the long-term advantage of that industry. The 
policy of Building “‘ super power stations ” does not 
appear to be basically , though, no doubt, 
something could be done to eliminate delays and 
speed the programme. 

The use of gas-turbines, suggested by Mr. Martin, 
was probably premature. It is true that Messrs. 
John Brown and Company are constructing a gas- 
turbine set for Dundee and that the Metropolitan- 
Vickers Electrical Company and Messrs. C. A. 
Parsons, Limited, are building others for service at 
Trafford Park and Dunston “A” stations, and 
that these machines are expected to show a higher 
efficiency than steam plant; fuel costs, however, 
are still excessive. Mr. Basil Wood, in a lecture to 
the Association of Supervising Electrical Engineers, 
in November, pointed out that the cheapest oil 
costs 81. 15s. a ton. Coal with a calorific value of 
11,000 B.Th.U. per pound (as compared with 18,500 
B.Th.U. per pound for oil) costs 21. 10s. 6d. a ton. 
This price ratio made the 17 per cent. efficiency of 
modern steam plant about equivalent to a gas 
turbine operating at 34 per cent. efficiency. In 
this country, Mr. Wood concluded, the gas turbine 
as a basic generating unit would have no future 
until coal-firing had been attained. This, of course, 
may not be far off, but it is likely to take at least 
another three years to develop. 

When measured against 1947, the progress made 
in 1948 is seen to be considerable. Two new power 
stations (at Meaford and Kingston-upon-Thames) 
went into service during the year and three more 
will probably be completed in 1949. Deliveries of 
turbo-alternators were at a monthly rate 27 per 
cent. higher than in 1947. Better supplies of steel 
and components made these improvements possible. 
The shortage of electric sheet steel, so marked in 
1947, was considerably alleviated in 1948; as a 





Leading manufacturers have been able, in general, 
to show a fair record of achievement during the 
year. The English Electric Company, for example, 
dispatched three 30,000-kW units for British power 
stations and six, of 7,500 kW each, for oil refineries 
in the Dutch East Indies and South America. The 
General Electric Company put into commission 
turho-alternator sets of 30,000 kW capacity at the 
Woolwich and Newport power stations, and com- 
pleted the equipment of Meaford station by the 
installation of two further 30,000-kW sets. To 
meet the demand for power-house equipment at 
home and abroad, this company is to spend some- 
thing over 1,000,000/. on extensions to their elec- 
trical-engineering works at Birmingham and to 
their mechanical department at Erith, Kent. The 
extensions include a new turbo-alternator works 
capable of building sets of 130,000 h.p., and will 
enable them almost to double their output of 
generators. The new extensions are scheduled to 
go into production within 18 months to two years. 
Capacity for the production of transformers is still 
below the level of demand, but output has increased 
considerably during the year, and this increase is 
expected to continue. 

In accordance with Government policy, exports 
of heavy electrical plant have been maintained 
about the same level as 1947, as is shown in Table IV, 
opposite. The largest markets have been India, 
Pakistan and the other British Dominions, but 
substantial quantities of equipment have gone to 
Russia and other foreign countries. For 1949, 
order books are full with both home and overseas 
orders. The British Electricity Authority int-nd to 
spend between 100]. and 125/. millions in 1950 in 
gross investment on electricity-generating stations, 
transmission lines and distribution works, and some 
expansion of exports is likely. The General Electric 
Company have orders on hand for 30,000-kW sets 


for Huddersfield, Doncaster and Woolwich, and 
geared sets for Queensland, Iraq and India. The 
English Electric Company have orders for 60,000-kW 
turbo-alternator plants for the Stourport “ B,” new 
Drakelow, and Tilbury power stations; overseas 
orders include two 60,000-kW turbo-alternator sets 
to be installed in the new Windsor power station of 
the Hydro-Electric Power Commission of Ontario. 
Other companies have a similar story to tell. 

Yet another factor which has contributed to the 
slow rate of construction of generating capacity has 
been the shortage of boiler-house plant. Tables 
V and VI, however, record some considerable pro- 
gress in the rate of output, both for home and 
overseas markets, in 1948 as compared with 1947, 
though, in some cases, because of steel shortage, 
it is understood that orders have been lost to other 
countries which could promise quicker delivery. 
Messrs. John Thompson Water Tube Boilers, 
Limited, reported that their output was at a record 
level and, with the orders which had been promised 
for the power stations for the B.E.A., it was expected 
that the work on hand would be increased by at 
least 41. millions by the end of 1948. Messrs. 
Babcock and Wilcox, Limited, also reported their 
order books as “abnormally full.” With the 
prospect of improved supplies of steel, the outlook 
for 1949 in the industry is thus very favourable 
indeed. The same conclusion will also apply to the 
coal-mining machinery and heavy electrical indus- 
tries. For the electrical-supply industry, the imme- 
diate outlook is not so hopeful; in spite of the 
strongest efforts by the heavy electrical industry 
and the Government, it seems that demand for 
electricity may continue in excess of supply for a 
further two years. 





‘*SILAL’’ HEAT-RESISTING CAST 
IRON. 


TwEnTy years have elapsed since the British Cast 
Iron Research Association, Alvechurch, Birmingham, 
filed a tent application covering heat-resisting 
oubintly: grey cast iron having a silicon content 
ranging from 4 to 10 per cent., and gave the name 
“Silal” to it. In these irons the percentage of 
silicon added varies according to the working tempera- 
ture required, and the graphite present in the material 
is obtained in the form of finely-divided flakes by 
adopting an appropriate melting temperature and 
by controlling the rate of cooling. It is stated in 
the current issue of the Bulletin of the British Cast 
Iron Research Association that Silal irons have never 
been used extensively in the United States, partly 
because they are not well known and partly because 
they have gained the reputation of being brittle. The 
results of recent work carried out by Mr. W. H. White 
and Mr. A. R. Elsea, at the Battelle Memorial Institute, 
Columbus, Ohio, under the supervision of Dr. C.-H. 
Lorig, are reported in the November, 1948, issue of 
the journal Foundry, and are thus of interest. The 
investigation was undertaken to verify the claims made 
for the suitability of high-silicon irons for elevated- 
temperature applications and to confirm their growth- 
resisting properties. 

Tests carried out to ascertain the shock resistance of 
a Silal type of iron, compared with that of an ordi 
grey iron at temperatures up to 1,800 deg. F. (982 deg. 
C.), showed clearly that the brittleness of the high- 
silicon cast irons is a problem only at room and at 
slightly elevated temperatures, and that, at tem 
tures above 500 deg. F (260 deg. C.), the high-silicon 
cast irons have a higher shock resistance than ordinary 
cast iron. Thus, high-silicon cast-iron parts require 
careful handling only at room temperature; after 
reaching service temperature, they withstand greater 
impact than ordinary grey iron. Comparative tests 
were also carried out to determine the growth and scale 
resistance of plain and high-silicon cast irons subjected 
to cyclic heating. Each cycle consisted of heating the 
specimen to 1,650 deg. F. (900 deg. C.), holding it at 
that temperature for four hours, and then air cooling 
to room temperature. The growth curves obtained 
showed that ordinary cast iron grew to the extent of 
about 8 per cent. in 41 cycles, while a 6 per cent. silicon 
cast iron showed practically no dimensional change. 
The authors found that an addition of approximately 
1-25 per cent. of copper and 0-50 per cent. of chromium 
considerably increased the scaling resistance of high- 
silicon cast iron, and they consider that these irons 
should find useful applications for melting pots, gas or 
oil burners, heat-treating containers, and a wide variety 
of industrial apparatus, as well as for parts of cooking 
and heating stoves, domestic furnaces, and other equip- 
ment of a similar nature. 
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DIESEL-ENGINED CRAWLER 
TRACTOR. 


Tue new crawler-type tractor, illustrated on this 
page, is manufactured by Messrs. John Fowler and 
Company (Leeds), Limited, Leeds, 10, and is the 
first direct result of the merger between this company 
and Messrs. Marshall, Sons and Company, Limited, 
Gainsborough. The tractor has been designated the 
Fowler Mark VF British Diesel Crawler, and its intro- 
duction fulfils a definite requirement. It can sustain 
a maximum drawbar pull in bottom gear of 10,000 Ib. 
and, as will be seen from Fig. 2, can haul a five-furrow 
plough, a duty well within its capabilities. 

It is fitted with a single-cylinder two-stroke hori- 
zontal Diesel engine of the same type as that used in 
the Field Marshall tractor manufactured by Messrs 
Marshall, Sons and Company, Limited, and is basically 
similar to that described in ENornzertina, vol. 141, 
page 707 (1936). The cylinder has a bore and stroke 






GENERAL VIEW OF TRACTOR. 
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‘ENGINEERING’ \——/ 
speed of 750 r.p.m., the engine develops 40 brake horse- 
power. The engine is valveless, the exhaust and induc- 
tion taking place through ports uncovered at the 
end of the power stroke in the usual manner. Both 
the piston and cylinder are of cast-iron, the piston 
being fitted with two compression rings and two 
oil-control rings. The crankshaft is machined from 
a heat-treated steel-alloy forging and is supported 
at one end by a roller bearing and at the other by 
a ball bearing. Like the crankshaft, the connecting 
rod also is machined from a steel forging, the big-end 
being fitted with a white-metal lined bearing while the 
small-end bearing consists of a two-row needle-roller 
bearing. The fuel pump and the fuel-injection valve 
are standard C.A.V. units, the amount of fuel injected 
being regulated throughout the speed range of the 
engine by a centrifugal governor. The injection pump 
is operated by a cam secured to the crankshaft journal, 
the body of the pump being situated between the 
crankcase and the flywheel. The engine bearings are 





of 64 in. and 9 in., respectively, and, at the governed 





supplied with oil under pressure from a lubricator 
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situated in the sump and driven through spur gears 
from the crankshaft. A gauze-type strainer is situated 
at the inlet side of the lubricator and the system is 
protected further by a cloth-element type of filter. 
A noteworthy feature of the lubricating system is the 
provision of means for priming the system by hand 
before the engine is started-up for the first time or 
after an engine overhaul. Thermo-syphon cooling is 
employed, cooling being assisted by a fan driven by a 
belt from the flywheel boss. There are two radiator 
sections each side of and towards the front of the 
tractor, the axis of the fan lying across the tractor ; 
one of the radiator guards can be seen in Fig. 1, which 
is a general view of the tractor. 

The engine crankshaft is extended through both sides 
of the crankcase, the axis of the crankshaft being at 
right angles to the longitudinal axis of the tractor. The 
offside extension of the crankshaft is fitted with the 
flywheel while the nearside extension is provided with 
a belt pulley, which also incorporates the main clutch. 
The pulley has a diameter of 15 in. and a face width 
of Of in., the maximum belt speed under full load 
being 2,950 ft. per minute. The clutch is of the 
multi-plate dry-fabric disc type and, in addition to 
the usual foot control, is provided with a hand control 
so that it can be operated from the ground. The 
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transmission case and integral crankcase is bolted 
directly to the engine cylinder, the complete assembly 
forming the frame of the tractor. A sectional plan of 
the transmission is shown in the drawing reproduced 
in Fig. 3, opposite, which will serve to illustrate its 
method of operation. The first-motion shaft a is 
driven through the gearwheel b, which is permanently 
in mesh with a rwheel integral with the driven 
member of the clutch. The shaft a is splined and 
the first speed is selected by sliding the pinion ¢ to 
the right so that it meshes with the gearwheel d, while 
the second and third speeds are selected by moving 
the gear cluster e to engage with the gearwheels f and g, 
respectively. The drive to the differential is arra 

so that two different sets of ratios can be obtained, the 
gear cluster A being moved to the right so that it meshes 
with the wheel j for low ratio and to the left to engage 
the wheel & for high ratio; the gearbox, therefore, 
supplies a total of six different forward speeds. The 
reverse idler gear is situated below the pinion ¢, thereby 
providing two reverse s 6 

The Mark VF tractor employs a controlled differen- 
tial type of steering which has been designated the 
Fowler Balanced-Power unit. On this unit it is 
impossible to lock one track ; the steering. therefore, is 
exceptionally light and as both tracks are driven when 
turns are made, constant drawbar pulls and speeds are 
maintained. The differential is shown to a larger 
scale in Fig. 4, from which it will be seen that the sides 
of the differential cage are formed by the driven mem- 
bers of the low and high ratio spur gears j and k. These 
two gearwheels are connected to each other by six 
pedestal-type studs which function also as the shafts 
for six combined planet and interrupter pinions; in 
Figs. 3 and 4, one of the studs is lettered / while the 
associated planet and interrupter pinions are lettered m 
and n, respectively. The studs, however, are arranged 
so that the associated pinions are alternately opposite 
handed, and their position is adjusted radiall ly so that 
the three right-hand planet pinions mesh with a spur 
wheel splined to the inner end of the right-hand half- 
shaft 0, while the remaining three planet pinions mesh 
with a corresponding sun wheel splined to the left-hand 
half-shaft ; furthermore, the six planet pinions are 
arranged so that they mesh with each other in pairs, as 
in a spur-type differential. It will be seen from Fig. 3 
that the half-shafts are enclosed by the tubes g and r, 
respectively, each sleeve being fitted with a brake 
drum. The inner ends of the two sleeves have gear 
teeth formed on them and are arranged so that they 
mesh with the interrupter pinions, the right-hand 
tube g meshing with the right-hand interrupter pinions, 
while the left-hand tube r meshes with the left-hand 
interrupter pinions. 

The drive is transmitted to the track sprockets s 
through the half-shafts and the spur-reduction gears ¢, 
and so long as the tractor moves along a straight path, 
the differential will rotate as a unit without movement 
of the planet and interrupter pinions. This condition 
is maintained until it is required to make a turn, 
which is accomplished by arresting the rotation of 
either the left- or right-hand sleeve by the application 
of a simple band brake to the appropriate brake 
drum. i, for example, it is required to turn the 
tractor to the right, the right-hand brake is applied. 
This causes the three right-hand interrupter pinions 
and their integral planet pinions to rotate about their 
shafts in the same direction as the complete unit, 
thereby reducing the speed of the right-hand sun 
wheel which, in turn, reduces the speed of the right- 
hand track sprocket. Since the three right-hand 
planet pinions mesh with the three left-hand planet 
pinions, the latter automatically rotate about their 
shafts, but in the opposite direction, with the result 
that the speed of the left-hand sun wheel and, there- 
fore, that of the track sprocket, is increased. Obviously, 
this increase in speed is equal to the decrease in 
speed of the right-hand sprocket, and it will be 
apparent that, if the left-hand brake is applied instead 
oF the right-hand brake, then the action described 
will be reversed and the tractor will turn to the left. 

The steering brakes are applied through hand levers 
in the usual manner, foot-operated latches being 
provided so that the levers can be locked in the rear- 
most position when the tractor is parked. As already 
mentioned, final drive to the track sprockets is through 
spur reduction units. The tracks are of the pin-and- 
bush type, the spuds being integral with the track 
shoes, but the design has been arranged so that street 
plates can be fitted. The tracks have a width of 14 in. 
and are set 56 in apart at the centres. The length 
of each track in contact with the = is 60} in., 
which, with a tractor weight of 9,200 lb., gives a ground 
pressure of 5} lb. per square inch. The track frames 
are constructed from heavy rolled-steel channels, each 
frame comprising two channels set back to back with 
distance pieces between them. The frames are 
pivoted at the rear to the extremities of a circular 
beam which passes through the transmission final-drive 
side casings, an arrangement which ensures that all 
driving shocks are transmitted to the circular beam 
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instead of to the track-driving sprockets. The front of 


the tractor is supported by a cranked axle, the body of 
which is secured to the crankcase, while the cranked 
extremities are located in sleeves bolted to the track 
frames. The axle allows free and independent move- 
ment for each track but at the same time eliminates all 
tendencies of the track to “ toe-in” or “ toe-out” ; 
it also functions as a torsion bar and renders it unneces- 
sary to fit front springs to support the power unit. 
The track-recoil units are integral with the rear 
pivot brackets, the recoil springs being completely 
enclosed and packed with grease. Each track frame is 
equipped with four rollers while the top reach of each 
track is supported by a carrier roller: fitted to the 
top of a pedestal bracket, which is bolted to the track 
frame ; all rollers are interchangeable. 

The tractor has a length of approximately 8 ft. 44 in. 
and a width of 6 ft., while the height to the top of the 
radiator is 4 ft. 6} in. The speeds in the various gears 
are: 1-26 m.p.h. in first gear, 1-69 m.p.h. in second, 
2-34 m.p.h. in third, 2-92 m.p.h. in fourth, 3-90 m.p.h. 
in fifth, and 5-42 m.p.h. in top gear. The maximum 
sustained drawbar pull ranges from 10,000 lb. in first 
gear to 1,600 lb. in top gear, while the fuel consumption 
during protracted tests, carried out by the National 
Institute of Agricultural Engineering, averaged 1} 
gallons per hour. 

An interesting feature of the tractor is the method 
employed for starting the engine from cold, for which 
purpose power cartridges are used. The cartridge is 
loaded into a breech connected directly to the cylinder, 
and on being fired, the products of combustion act 
against the piston, which, of course, is set previously 
to just over top dead centre. The cartridge is used in 
conjunction with an ignition paper inserted in the 
combustion space and a compression-release valve, the 
latter being arranged so that it is rendered inoperative 
automatically after the engine has made a predeter- 
mined number of revolutions. It is only necessary 
to use the cartridge starter, however, when the engine is 
exceptionally coli; under normal conditions, hand 
starting, aided by the ignition paper and pressure- 
release valve, is generally satisfactory. The cartridges 
are manufacturei by Imperial Chemical Industries 
Limited, and contain a primary charge of blackpowder 
and a main charge of 12 grammes of solvent cordite in 
granular form. The complete charge is contained in 
a twelve-bore shotgun case and the cartridge is fired 
by percussion. 





SMALL-POWER TRANSFORMERS 
FOR AIRCRAFT. 


THE special types of power transformers used in 
conjunction with the electrical equipment on aircraft 
were dealt with in a paper read by Mr. A. Langley 
Morris before a joint meeting of the Measurement, 
Radio and Supply Sections of the Institution of 
Electrical Engineers on Thursday, January 20. War- 
time aircraft transformers were of open construction 
and did not have a high degree of humidity protection. 
The Pacific war, however, created a demand for sealed 
units, with a consequent increase in weight and size. 
Continuous efforts had been made to offset these 
disadvantages by using better magnetic materials 
and by paying attention to the form of construction. 
The result was that, while an early 1,600-cycle per 
second open-type transformer weighed 2} Ib. and had 
a core of silicon-iron laminations 0-35 mm. thick, the 
next design was oil-filled, weighed 8 ounces and used 
0-1 mm. Radiometal laminations. The latest type 
weighed only 4 ounces and had a toroidal form of con- 
struction. All three types of transformers had the 
same volt-ampere rating. Recent developments in high- 
temperature dielectric materials had made it possible 
to increase the electrical loading. In view of the high 
premium on weight, the use of expensive silicone 
materials was justifiable, while for climatic reasons 
the transformers should be sealed in containers. 
Silicone-fluid filling appeared desirable, for it resulted 
in lower thermal gradients and prevented corona. 

The extremes of temperature, humidity and altitude 
to which aircraft transformers might be subjected, as 
well as the rapidity of the changes from one extreme 
to the other, imposed severe stresses on the component. 
In addition, there were mechanical stresses due to 
vibration and landing shocks. It was generally agreed 
that the range of ambient temperature was from 
— 40 deg. to + 70 deg. C., while the relative humidity 
might be as high as 100 per cent. Altitude could be 
disregarded if the equipment were pressurised. 

Size reduction in transformers could be effected by 
using high supply frequencies, increasing the electrical 
and magnetic loadings, and embodying good mechanical 
design in the construction. During the war, frequencies 
from 250 to 3,000 cycles agg second were used. Opinion 
was now, however, fairly agreed that 400 cycles per 
second was the best when alternating-current motors 
were used, and that the supply should be three-phase. 
For non-motor loads, 1,600 cycles per second were 





advisable, since an all-round reduction in the size of 
the generators, transformers and rectifier smoothing 
equipment resulted. The a of a 400-cycle trans- 
former was 1/4-8 of its 50-cycle counterpart, while for 
a 1,600-cycle transformer the factor was 1/13-5, 
assuming that the same flux density was feasible in all 
cases. Experiments on the effect of altitude on tem- 
perature proved that the temperature of the oil was 
always greatest at ground level, for, while the actual 
temperature increased with the altitude, this increase 
was more than compensated for by the fall in ambient 
temperature. As regards the use of electrical equip- 
ment in aircraft pressure cabins, it was found that a 
transformer designed for an oil-temperature rise of 
80 deg. C. at ground level would have a temperature 
rise of about 95 deg. C. at an air density corresponding 
to 25,000 ft. 

The effect of the temperature coefficient of resistance 
of copper upon the I?R losses was considerable for 
high-temperature transformers. On the other hand, 
the eddy-current losses in the winding were proportion- 
ately reduced. The use of high supply frequencies 
could give rise to quite large stray losses, and it behoved 
the designer so to arrange the windings and copper 
sections that inordinate stray losses did not occur. 
For the normal aircraft power frequencies, skin effects 
were negligible. In general, it was possible to rate 
high-temperature aircraft transformer windings for a 
current density higher than 2,270 amperes per square 
inch, owing to the lower wattage loading due to insu- 
lation requirements. The copper losses, however, must 
not be so high as to give poor voltage regulation or 
low efficiency, but should be the same as the iron losses 
at the required load. At one time, core heating was 
the determining factor for the flux density of 400-cycle 
and 1,600-cycle per second transformers, but, owing to 
better materials being available, magnetic saturation 
had now become the main factor. In general, only 
grain-orientated silicon iron (Hipersil or Crystalloy) 
were suitable for aircraft power transformers, although 
50 per cent. nickel-iron (Permalloy B or Radiometal) 
could be used for 1,600-cycle working. For 400-cycles, 
laminations of Hipersil 0-3 mm. thick were suitable, but 
0-2 mm would be better. While a flux density of 
18,000 gauss was satisfactory for 0-3 mm. Hipersil 
at 50 cycles per second, 15,000 gauss was about the 
maximum at 400 cycles per second and 13,000 gauss at 
1,600 cycles per second with 0-1 mm. Hipersil. For 
0-1-mm. Radiometal at 1,600 cycles per second, 10,000 
gauss seemed to be the appropriate value. For 1,600 
cycle-working it did not much matter whether Radio- 
metal or Hipersil were used. 

There was little point in designing transformers for 
high electrical and magnetic loadings, if the reduction 
in size and weight so obtained was wasted by poor 
mechanical design. Perhaps the only way to make 
the mechanical construction simpler was to standardise 
the component parts. The sealing of transformers in 
containers had added greatly to the problems of 
mechanical design. There were the questions of the 
mechanical strength of the container and its fluid 
tightness, the problem of the thermal expansion of the 
fluid, and, finally, the important question of the 
terminals. The magnetic circuit of the transformer 
must be anchored securely to the equipment chassis 
without the danger of overstressing the container. It 
seemed desirable, therefore, to mount the transformer 
from the cover plate on which the terminals were fitted 
and to fix it by the cover plate to the chassis. Prefer- 
ably the container should be shaped to the transformer 
and form a clamp for the core. 

Toroidal transformers, in which a cylindrical con- 
tainer was used, and thermal compensation for the 
fluid filling was provided by a flat diaphragm at one 
end or by making the whole container from corru- 
gated metal bellows, had a number of advantages. 
Toroidal construction was also suitable for multi-wind- 
ing filament transformer:, but was not good for high- 
voltage supplies where many turns were required. 
It was, however, very suitable for a filament trans- 
former requiring either a low capacitance or high- 
voltage insulation between the primary and secondary 
windings. The primary winding was wound round the 
toroidal core, while the secondary winding was con- 
centrated in the form of a ring. High-voltage trans- 
formers of this type had been made capable of with- 
standing a winding test of 32 kV (r.m.s.). The whole 
container was made of insulating material and was 
very compact. 

As the coefficient of thermal expansion of Dow 
Corning 500/20 Silicone oil was 0-001 per deg. C., 
which was about 40 per cent. greater than for trans- 
former oil with an operating temperature range from 
— 40 deg. to + 150 deg. C., means must be provided 
for compensating the fluid volume changes. A simple 
solution was an air cushion inside the transformer 
chamber. A cushion of the size required would, how- 
ever, be objectionable in the air, as its position could not 
be controlled and corona and overheating problems 
would arise. Silicone-filled aircraft transformers must, 





therefore, be provided with thermal compensators. 
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TWIN-SCREW PASSENGER LINER 


** CARONIA.” 
(Continued from page 81.) 

PRovIsION has been made in the Caronia for isolating 
the various turbines in an emergency. Should a low- 
pressure turbine go out of action, the intermediate- 
pressure turbine exhausts to the condenser while, with 
an intermediate-pressure turbine out of action, the high- 
and low-pressure turbines work in series, a nozzle being 
fitted in the high-pressure exhaust pipe to the low-pres- 
sure turbine. If a high-pressure turbine fails, the 
steam is led, through a nozzle, directly to the inter- 
mediate-pressure turbine, which then exhausts to the 
low-pressure turbine in the usual way. The astern 
turbines can be isolated in a similar manner. All the 
turbines are fitted with cut-off governors, and arrange- 
ments have been made for the steam to be shut off 
automatically should the pressure of the lubricating oil 
fall to a dangerous level or the condenser vacuum fall 
below a predetermined limit. An independent forced- 
lubrication system is fitted to each set of turbines, 
each system comprising three pumps with associated 
drain tanks, filters, coolers and reserve and make-up 
tanks; one of the pumps acts as a standby in each 
case. 

The two main condensers, which are of the single- 
flow type, are underslung, one below each low-pressure 
turbine, and each has a cooling surface of 16,500 sq. ft. 
They are designed to maintain a vacuum of 29 in. of 
mercury with a circulating-water inlet temperature of 
60 deg. F. when the turbines are developing their service 
power. A Weir automatic float-operated closed-feed 
controller is fitted which allows additional water to be 
drawn into the condensers from the main feed tank 
should the water level in the condensers fall owing to 
a sudden demand by the feed pumps; conversely, 
should the condenser water-level rise, excess conden- 
sate is discharged to the feed tank through overflow 
valves. The condensate is withdrawn from the con- 
densers by vertical-spindle extraction pumps, there 
being four such pumps, two of which act as stand-bys ; 
each is capable of dealing with 135,000 to 224,000 Ib. 
an hour at 1,200 to 1,500 r.p.m. when delivering against 
a head of 37 lb. per square inch. Air is extracted by 
steam-jet air ejectors, two being provided for each con- 
denser, one of which acts as a stand-by. The con- 
densate from each extraction pump passes first through 
a feed-water filter and then through the gland-evacua- 
tion condenser and the air-ejector cooler, from which 
it is dischar, at approximately 90 deg. F. The 
condensates from both port and starboard systems 
then combine and pass through a drain cooler to the 
main feed pumps, which discharge through the low-, 
intermediate- and high-pressure feed heaters. The 
low-pressure heater is supplied with exhaust steam 
from the generator-room auxiliaries, the coil drain from 
the fresh-water evaporator, the combined drains from 
the high- and intermediate-pressure heaters, and the 
exhaust steam from the turbo feed pumps, the feed 
temperature being raised from 120 deg. F. to approxi- 
mately 210 deg. F. The intermediate heater is supplied 
with steam at 60 Ib. per square inch absolute, bled 
from the intermediate-pressure turbine, together with 
the drain from the high-pressure heater, while the 
latter takes steam from the high-pressure turbine at 
180 lb. per square inch absolute, the feed temperature 
being raised to 284 deg. F. in the intermediate heater 
and to 344 deg. F. in the high-pressure heater. 

An auxiliary-feed system is provided for use in port. 
This is situated in the turbo-generator room and com- 
prises an auxiliary-feed tank, two auxiliary condensers, 
one motor- and one turbo-driven extraction pump, 
one motor- and one turbo-driven circulating pump, 
two turbo-driven auxiliary feed pumps, a feed-water 
filter and an auxiliary surface feed heater. The 
auxiliary condensers are designed for a vacuum of 
28 in. of mercury, and are capable of dealing with the 
exhaust from all steam-operated auxiliaries, the drains 
from the hotel services, and the turbo-generator con- 
densate. 

Make-up feed water is provided by a single-effect 
evaporator, which is supplied with exhaust steam from 
the turbo-generators and is capable of producing 60 tons 
of water per 24 hours. For producing domestic water 
from either sea water or carried raw water, a triple- 
effect evaporating plant, fitted with automatic feed 
regulation and brine ejection, is installed in the port 
side of the engine room, the capacity of the plant being 
200 tons per 24 hours. A water-softening plant, the 
output of which is approximately 100 tons per 24 
hours, is installed in the auxiliary-machinery room The 
installation comprises lime-cream and base-exchange 
plants, each plant forming an independent unit so that 
both can be employed for hard water and the base- 
exchange plant only for soft water. Mechanical ven- 
tilation is provided for all machinery spaces, the air for 
the main engine room being drawn through four vertical 
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air is delivered at suitable points in the engine room | is fitted with 9} in. and 34 in. lathes, and a pillar-drilling 
through “ Anemostats ” and is exhausted by two fans, | machine having a capacity of 14 in. 
the combined capacity of which is 40,000 cub. ft. The} As previously mentioned, steam for the main tur- 
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having a capacity of 25,000 cub. ft. per minute. The' and, in addition to the usual hand tools, benches, etc.,| and two smaller side-fired five-drum Yarrow type 
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water-tube boilers. The normal evaporation of each large 
boiler is 86,000 Ib. per hour and for each smaller boiler 
50,000 Ib. per hour; the total generating surfaces per 
boiler are 8,387 sq. ft. and 5,681 sq. ft., respectively, 
and the superheater heating surfaces are 2,945 sq. ft. 
and 2,224 sq. ft. The boilers are designed for a maxi- 
mum pressure of 725 lb. per square inch and a working 
pressure of 600 lb. per square inch gauge and a maxi- 
mum superheat temperature of 800 deg. F. Drawings 
showing an elevation and plan of the boiler room are 
reproduced in Figs. 9 and 10, on page 108, while a cross 
section through one of the larger boilers is shown in 
Fig. 8, on this page. As will be seen from the latter 
illustration, one of the five drums forms the superheater 
header. The steam drum and the three water drums 
are of welded construction, the ends being dished and 
welded to the shell, while the superheater header is made 
from solid-drawn steel tubing with closed-in ends. On 
the larger boilers, there is a three-row nest of tubes hav- 
ing an external diameter of 2 in. just above the furnaces, 
the tubes tuerminating at their lower ends in a three-row 
water drum and at their upper ends in the base of the 
steam drum. The superheater tubes are located above 
these three rows and, as will be seen from Fig. 8, the 
elements consist of U tubes, the external diameters 
of which are 1} in., expanded into the heater. Above 
the superheater elements are 13 rows of 1} in. external- 
diameter tubes which extend between the top water 
drum and the steam drum while at the back of the 
furnace is an 18-row water drum having three rows of 
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2-in. external-diameter tubes and 15 rows of tubes 
having an external diameter of 1} in. The two front 
water drums are connected by four 5-in. bore circu- 
lation pipes, while the steam drum is connected to 
the superheater header by a 4}-in. bore pipe; some 
of the circulation pipes can be seen in Fig. 6, opposite, 
which is a general view of the furnace fronts for some 
of the boilers. The boiler casings are of robust 
construction, the pressure parts being carried on box- 
section ends. The casings are arranged as hot-air 
ducts, the air from the air heater circulating through 
them and under the furnace bottom on its way to 
the burners, thereby cooling the brick linings. The 
location of the superheater ensures that steam-tempera- 
ture variation is reduced to a minimum and enables 
superheat control to be effected by coupled dampers 
in the uptakes, which regulate the flow of gases 
across the superheater elements. The arrangement of 
the smaller boilers is similar, the bottom water drum 
having three rows of 2-in. diameter pipes, the super- 
heater 12 passes of 1}-in. diameter tubes, and the 
top water drum 10 rows of 1}-in. tubes; the back 
water drums have three rows of 2-in. tubes and 12 
rows of 1}-in. tubes. Superheated steam for the 
auxiliary services, such as the turbo feed pumps, the 
extractor pumps for the turbo-generators and the 
auxiliary-condenser circulating and extraction pumps, 
is taken from two of the large boilers and the two 
smaller boilers. De-superheated steam, however, is 
used for general-service pumps, fuel-oil heaters, tank 














coils, main-turbine gland sealing, and hotel services. 
This is obtained either from pass-out connections on 
each of the turbo-generators or from the high-pressure 
auxiliary range, the steam in the latter case i 
first through a reducing valve and then through a 
spray-type de-superheater. 

Feed water is admitted to each boiler by “‘ Robot ” 
feed-control regulators which ensure steady flow accord- 
ing to the steam demand. Low-level alarms are fitted, 
and should the water level fall below a predetermined 
limit, steam is admitted to a valve which shuts off the 
fuel. Each superheater drum is fitted with a main self- 
closing stop valve, while the two forward main boilers 
and the two smaller boilers are fitted with stop valves 
for the turbo-generators. Water-level gauges of the 
bi-colour indicator type are fitted to each end of the 
boiler saturated-steam drums, and all boilers are pro- 
vided with soot blowers. Other boiler mountings 
include the usual hand-controlled feed-check valves, 
drain valves and safety valves. Three fuel-oil pumping 
and heating units are installed, any two of which are 
capable of supplying the full-load fuel demand. Two 
of the pumps are electrically driven and the other 
steam driven, each unit comprising the usual pressure 
pump, steam heater, suction strainers and discharge 
filters. A lighting-up set is installed, and the burners 
are designed so that they cannot be removed before 
the oil supply is shut off. 

The boiler room operates under open-stokehold con- 
ditions, each boiler being provided with both forced- 
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and induced-draught fans, the former discharging 
through air heaters and the latter through wet-type dust 
collectors to atmosphere. The air heaters are of the 
Howden-Ljungstrém rotary type and, as will be seen 
from Fig. 9, are situated at approximately the level 
of the restaurant deck. The forced-draught fans 
for the four main boilers are of the double-inlet type 
and each has a capacity of 27,500 cub. ft. per minute 
against a pressure of 7-75 in. of water, while the 
induced-draught fans each have a capacity of 40,500 
cub. ft. per minute against a pressure of 6 in. of water. 
In the case of the smaller boilers, each forced-draught 
fan delivers 17,000 cub. ft. of air per minute against a 
head of 6-75 in. of water and each induced-draught 
fan, 24,500 cub. ft. against 6 in. of water. The forced- 
draught fans are situated at ‘““B” deck level and the 
induced-draught fans at the base of the funnel. The 
funnel, which is one of the largest to be built for a 
single-funnel liner, has a fore-and-aft length of 53 ft., 
a breadth of 26 ft. 6 in. and a height of 46 ft. A longi- 
tudinal cross section through the funnel is given in 
Fig. 7, on page 104, from which it will be seen that, in 
addition to the induced-draught fans, it also contains 
the soot collectors, which are of the Howden wet type. 
The funnel was installed in three sections weighing 
40 tons, 10 tons and 15 tons, respectively, the total 
— of the funnel and installed machinery being 
tons. 


(To be continued.) 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ FALSTER.”’—Single-screw cargo vessel built by 
the Goole Shipbuilding and Repairing Company, Limited, 
Goole, for Messrs. Axel Brostrém and Son, Gothenburg, 
Sweden. Main dimensions : 200 ft. by 33 ft. by 18 ft. 6 in.; 
deadweight capacity, 1,540 tons. Five-cylinder Atlas 
Diesel engine of 815 b.h.p., supplied by the Atlas Diesel 
Company, Limited, Wembley, Middlesex. Launch, 
January 18. 


M.S. “‘ Patuprna.’’—Single-screw tanker for oil and 
bitumen, built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne, for the Anglo- 
Saxon Petroleum Company, Limited, London, E.C.3. 
Main dimensions: 425 ft. (between perpendiculars) by 
54 ft. 3 in. by 31 ft. 104 in.; deadweight capacity, 
9,100 tons on a draught of 25 ft. 64 in. Three-cylinder 
two-stroke Wallsend-Doxford Diesel engine, developing 
2,800 b.h.p. and giving a loaded speed of 12 knots, 
constructed by the Wallsend Slipway and Engineering 
Company, Limited, Wallsend-on-Tyne. Trial trip, Jan- 
uary 21. 


M.S. “‘ Cazapor.”—Single-screw oil tanker built and 
engined by Messrs. Harland and Wolff, Limited, Govan, 
Glasgow, for the Estrella Maritima S.A. de Navegacién y 
Comercio, Buenos Aires. Main dimensions: 425 ft. 
(between perpendiculars) by 54 ft. 3 in. by 31 ft. to upper 
deck; deadweight capacity, about 9,000 tons on a 
draught of 25 ft. 6 in. Six-cylinder four-cycle Harland- 
B. and W. Diesel engine. Launch, January 27. 


M.S. “ BRITISH ENDEAVOUR.”—Single-screw tanker, 
to carry petroleum in bulk, built and engined by Messrs. 
R. and W. Hawthorn, Leslie and Company, Limited, 
Hebburn-on-Tyne, for the British Tanker Company, 
Limited, London, E.C.2. Main dimensions: 490 ft. by 
61 ft. 9 in. by 34 ft. 1 in. to upper deck; deadweight 
capacity, about 12,250 tons. Four-cylinder Hawthorn- 
Doxford oil engine developing 3,100 b.h.p. Trial trip, 
January 27 and 28. 


M.S. “‘ VIKDAL.”—Single-screw cargo vessel, built by 
Messrs. Hall, Russell and Company, Limited, Aberdeen, 
for the Tanker Corporation, Panama City, Panama 
(Messrs. Johan Rasmussen & Co., Sandefjord, Norway). 
Main dimensions: 405 ft. 9 in. by 60 ft. by 37 ft. 6 in. to 
shelter deck ; deadweight capacity, about 8,000 tons on 
a draught of approximately 24 ft. Four-cylinder opposed- 
piston N.E.M.-Doxford oil engines, of 3,250 b.h.p., 
installed by the shipbuilders. Launch, January 31. 





THE CITY OF BIRMINGHAM.—We have received from 
the Information Department of the City of Birmingham 
a folding map and hotel guide, recently prepared for free 
distribution, which should be of considerable service to 
business men and others visiting the city. In addition 
to a simplified map of the main thoroughfares, ’bus routes, 
municipal offices, and offices of various Government 
departments, there is a plan of the city centre to an 
enlarged scale, lists of hotels in the centre and suburbs, 
and a list of restaurants indicating also those which 
are open on Sundays. There appears to be no reference, 
however, to the James Watt Institute, in Great Charles- 
street, where the various engineering societies and insti- 
tutions are accustomed to hold their meetings. Copies 
may be obtained from the Information Department the 
Council House, Birmingham, 1. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 

Lubricating Nipples—Two newly-issued specifica- 
tions have been drawn up to stipulate the overall dimen- 
sions and thread sizes of lubricating nipples which are 
in general use for machinery and vehicles and for indus- 
trial purposes. These publications are the first two 
of a series of specifications for lubricating nipples 
which will be published as separate parts of B.S. No. 
1486. Part 1 deals with lubricating nipples and 
adapters for use on machinery and vehicles. It covers 
hexagon-headed, hydraulic and push-on nipples. It 
also includes straight and angle adaptcrs and limited- 
supply plug assemblies of the hexagon-headed and 
hydraulic types. Part 2 deals with two types of 
heavier-duty lubricating nipples, the industrial type 
intended for use on machinery, where a more robust 
nipple than that described in Part 1 is required, and the 
locomotive type, intended, as its name implies, for use 
on locomotives and other heavy machinery. Both 
Specifications contain provisions relating to materials, 
permissible variation in dimensions, nipple-mounting 
centre distances and marking. [Price of Part 1, 2s. 6d., 
and Part 2, 2s., both including postage. ] 

Seamless Copper Tubes.—A new specification covering 
seamless copper tubes with plain and screwed ends for 
steam services is Part 2 of B.S. No. 1306, Part 1, issued 
in 1946, and is complementary to this, which deals with 
non-ferrous pipes and piping installations for, and in 
connection with, land boilers. The new publication 
deals with seamless copper tubes up to 8 in. nominal 
diameter for steam, feed, blow-down and similar boiler 
services. The maximum working pressures and 
temperatures are, respectively, 250 lb. per square inch, 
and 405 deg. F., for steam, and 300 lb. per square inch, 
and 300 deg. F., for feed and other p . Three 
tables are given for tubes with plain ends and three 
for tubes with screwed ends covering the three pressure 
ranges, low, medium and high. The specification also, 
contains requirements relating to the composition of 
the copper, the selection of test samples and testing 
procedure. [Price 2s., postage included.] 





BOOKS RECEIVED. 


Ejighty-Fourth Annual Report on Alkali d&c. Works. By 
the CHIEF INSPECTORS. Proceedings During the Year 
1947. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 9d. net.] 

Department of Scientific and Industrial Research. Road 
Research. Technical Paper No. 14. Interim Measures 
for the Prevention of Dazzle on Roads. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 6d. net.] 

Quality Control. A Manual of Quality Control Procedure 
Based upon Scientific Principles and Simplified for 
Practical Application in Various Types of Manufac- 
turing Plants. By NORBERT L. ENRICK. The Indus- 
trial Press, 148, Lafayette-street, New York 13, U.S.A. 
[Price 3 cols.] Machinery Publishing Company, 
Limited, National House, West-street, Brighton, 1. 
[Price 21s.] 

Der Ruhrbergbau in Vergangenheit, Gegenwart und 
Zukunft. By AvuGusT HEINRICHSBAUER. Verlag 
Glickauf G.m.b.H., Hauptstrasse 43, Kettwig, 
Nordrhein-Westfalen, Germany [Price DM 9-50 
including postage.] 

Wédrmetechnik der Gaserzeugungsdfen. By DR. PHIL. 
ARTUR STEDING. Verlag Gliickauf G.m.b.H., Haupt- 
strasse 43, Kettwig, Nordrhein-Westfalen, Germany. 
{Price DM 17-50, including postage.) 

The British Electrical and Allied Industries Research 
Association. Technical Reports. No. G/T220. Gas 
Blast Circuit Breakers. Preliminary Study of Aero- 
dy ic Conditi: near the Nozzle Contact on No Load. 
By A. A. Hupson. [Price 12s. ret.] No. G/T223. 
German High-Voltage Circuit-Breaker Design. Sum- 
mary of Dimensional Data from British Intelligence 
Objectives Sub-Committee Reports and Other Sources. 
By J. W. Datton. [Price 6s. net.] Offices of the 
Association, 15, Savoy-street, Strand, London, W.C.2. 

United States National Bureau of Standards. Miscel- 
laneous Publication No. 188. Microbiological Deteriora- 
tion of Organic Materials: Its Preventionand Methods 
of Test. By EDWARD ABRAMS. Superintendent of 
Documents, U.S. Government Printing Office, Washing- 
ton 25, D.C., U.S.A. [Price 25 cents.] 

Elasticity and Anelasticity of Metals. By CLARENCE 
ZENER. The University of Chicago Press, Chicago 37, 
U.S.A. [Price 4 dols.] Cambridge University Press, 
Bentley House, 200, Euston-road, London, N.W.1. 
[Price 22s. 6d. net.] 

Traffic and Trunking Principles in Automatic Telephony 
By G. 8S. BERKELEY. Ernest Benn, Limited, Bouverie 














House, Fleet-street, London, E.C.4. [Price 21s. net.] 
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Sm ROBERT WATSON-WATT, C.B., F.Inst.P., M.1.E.£., 
F.R.Ae.S., F.R.S., has been elected President of the 
Royal Meteorological Society, 49, Cromwell-road, 
London, 8.W.7. 

Sik EDWARD APPLETON, M.A., D.Sc., F.R.S., Secretary 
of the Department of Scientific and Industrial Researc}, 
is shortly leaving the public service to take up the 
position of Principal of the University of Edinburgh. 

Sir CHARLES DARWIN, M.A., Sc.D., F.R.S., who has 
been Director of the National Physical Laboratory, 
Teddington, Middlesex, since 1938, is retiring on March 31. 

Mr. C. S. ANDERSON, of Anderson, Green and Com- 
pany, Limited, London, has been nominated President 
of the Chamber of Shipping of the United Kingdom for 
1949-50, in succession to SiR GEORGE CHRISTOPHER. SIR 
Guy ROpPNER has been nominated vice-president. 

Mr. H. H. Bruce will be installed as President of the 
Institution of Heating and Ventilating Engineers for the 
1949-50 session, in succession to Mr. L. COPELAND WATTs, 
M.I.Mech.E., A.C.G.I., at the annual general meeting 
to be held at 2.30 p.m. on February 9, at the Institution 
of Mechanical Engineers. 


Mr. R. E. McGuire, C.M.G., O.B.E., has been 
appointed secretary of the Cement Makers’ Federation. 
52, Grosvenor-gardens, London, 8.W.1, in succession to 
the late Mr. E. A. HARDING. 

Mr. W. K. B. MARSHALL, B.Eng. (Liv.), A.I.M., who 
has been on the staff of the A.P.V. Company, Limited, 
Wandsworth Park, London, S.W.18, for the past eight 
years, first as chief metallurgist and later as chief develop - 
ment engineer, has been appointed assistant director of 
research of the British Welding Research Association, 
29, Park-crescent, London, W.1, as from March 1. 


Mr. BRIAN Woop, secretary of the Gas Light and Coke 
Company, has been appointed secretary of the North 
Thames Gas Board. 

Mr. ARTHUR OFFEN has resigned his ‘position as tech- 
nical director of Offen and Company, Limited, and has 
commenced business as a tool-design consultant at 
47, West-street, Dorking, Surrey. (Telephone : Dorking 
3750.) 

Mr. ARTHUR CHAMBERLAIN, managing director of the 
Hercules Cycle and Motor Company, Limited, a sub- 
sidiary firm of Tube Investments Limited, has been 
elected to the board of the latter company. 


Mr. JOHN BENSTEAD, C.B.E., M.Inst.T., who has been 
a full-time member of the British Transport Commission 
since its inception, has been appointed to be the first 
deputy-chairman of the Commission. 


Mr. MicHaEL C. Lioyp, director and joint general 
manager of Howell and Company, Limited, Sheffield 
Tube Works, Wincobank, near Sheffield, is returning 
next month to his native Wolverhampton on appointment 
as director and general manager of the Weldless Steel 
Tube Company, Limited, and Tube Rolling Mills, Limited, 
Wednesfield, Wolverhampton. 


Mr. HENRY SPURRIER, son of the late Mr. Henry 
Spurrier (1868-1942), has been appointed managing 
director of Leyland Motors Limited, Leyland, Lancashire, 
but retains his position as general manager. Mr. C. B. 
NIXxon is continuing as chairman and governing director. 








Mr. S. W. FRYER, who has been for over 25 years with 
Wellworthy Piston Rings Limited, is leaving Scotland and 
his appointment as Northern Area manager and is returning 
to the works and head office at Stanford-road, Lymington, 
Hampshire, where he will assume control of all the firm’s 
service branches. He has been succeeded by Mr. J. A. 
DoBBIE as Northern Area manager at 211, Bothwell- 
street, Glasgow. 

Messrs. THE HOPKINSON ELECTRIC COMPANY, 
LIMITED, Birchgrove, Cardiff, have opened new branch 
offices at 41, John Dalton-street, Manchester (Telephone : 
Blackfriars 4638), under the contro] of Mr. T. C. BEAv- 
MONT, A.M.I.E.E., and at 11, Park-place, Leeds (Tele- 
phone : Leeds 28712), under the control of Mr. J. GRANT. 
In addition, Mr. D. F. BENTLEY becomes assistant works 
manager and Mr. P. A. ADAMS, sales engineer, London. 


Messrs. GANDY LIMITED, Wallasey, Cheshire, have 
removed their Leeds office and warehouse to new and more 
suitable premises at 9, Somers-street, Leeds, 1. The 
telephone number remains unchanged. 

As from February 1, the name of Messrs. HiILis 
PATENT GLAZING COMPANY, LIMITED, has been changed 
to HILLs (WEST BROMWICH), LIMITED. Under this name 
are incorporated Universal Steel Door and Engineering 
Company, Limited; Accordo Blinds Limited; Hilcon 
Limited ; Chain Developments Limited ; and Wottons 
(Croydon), Limited. 


THE BRITISH EMPIRE CHAMBER OF COMMERCE IN 
THE U.S.A. (Incorporated) has changed its name to THE 
BRITISH COMMONWEALTH CHAMBER OF COMMERCE IN THE 
UNITED STATES OF AMERICA (INCORPORATED), 55, 
Broadway, New York City, 6, N.Y., U.S.A. 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 


Scottish Steel.—A satisfactory supply of raw materials 
continues to ensure a high level of steel production. 
The pig-iron output is lower, however, following the 
blowing out for relining of Colvilles No. 1 blast furnace 
at Clyde Iron Works, Glasgow. The unit had been lit 
in May, 1939, and running almost continuously, produced 
over 1,500,000 tons of pig-iron from a throughput of 
some 5,000,000 tons of raw materials without any serious 
mishap or prolonged interruption of production. The 
relining is expected to take about three months, and 
production is planned to be resumed about the middle of 
April. There is a shortage of semies of different sorts, 
notably sheet bars. The demand for sheets is very strong, 
and appears likely to become more intense following a 
fresh drive by some local housing authorities for the 
completion of housing programmes. The various iron 
and steel trades in the Falkirk district are particularly 
concerned, as a considerable business is done there in 
household appliances, downpipes, gutters, and other 
outside housing equipment. Manufacturers have been 
requested to provide larger numbers of gas and electric 
cookers, and to bring forward delivery dates of previous 
orders. This will be reflected in heavier tonnages of 
sheets and increased quantities of foundry iron. 


Scottish Coal.—Production has apparently settled down 
at below the required target level of 500,000 tons, as 
indicated by an accumulated deficit of almost 40,000 tons 
in the first full fortnight of the year. It was just such 
@ build-up during the first 11 months that prevented the 
Division’s approaching the target of 25,000,000 tons in 
1948. The danger signal is again showing. There have 
been murmurings over small grievances at a few collieries, 
leading in some instances to partial strikes. As a 
result of under-production, fresh coal is scarce in places. 
After a little difficulty at one or two of the coke-ovens, 
the position is now fairly well secured, although margins 
are not large. Electric power stations and steelworks 
have sufficient fuel for their current requirements, 
although the steelworks, restricted for stocking space 
in some cases, are carrying only the usual small reserves. 
Washed singles and doubles are below market require- 
ments. Domestic coal is scarce, and some merchants 
are now entirely dependent on fresh deliveries, which are 
barely sufficient to meet the demand. There has 
been, however, no marked rush on gas coke, of which 
there is a plentiful supply, although for a time the 
demand did exceed production; stocks are large. A 
restricted tonnage of ordinary screened vertical-retort 
coke is being shipped to Denmark, part of the official 
allocation to that country. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—A pithead medical centre 
aptly described as a modern hospital in miniature, the 
first of 200 to be established in the South Wales coalfield 
in the next five years, was opened during the past week 
at Coegnant Colliery, Caerau. It was announced at the 
meeting that the South Western Divisional Coal Board 
had received an allocation of 4,500,0001. for the establish- 
ment of medical centres and pithead baths. Only 45 
of the 210 collieries in South Wales have pithead baths. 
The output from the South Wales mines continues to 
improve. In the week ended January 22, the latest 
period for which official figures are available, the amount 
of saleable coal raised was 498,000 tons, which was 
19,800 tons more than in the previous week and 29,400 
tons more than in the corresponding period of last year. 
New business has been difficult to negotiate, especially 
for early delivery, on the Welsh steam-coal market 
throughout the past week. The demand, both on home 
and foreign account, has been actively maintained, but 
orders already on salesmen’s books were sufficient to 
provide a ready outlet for the bulk of the output. On 
foreign account there has been sustained activity for 
Portugal, and inquiry in this trade is well upheld. 
Deliveries to France are well up to existing arrangements, 
while busy conditions ruled for South America. Egypt is 
now receiving Welsh supplies for the railways. Italian 
trade maintained its recent improvement, but the Spanish 
section remained idle. Payment difficulties have held 
operations in this section in check, and in addition to 
these, difficulties have been caused by the balance of trade 
between the countries which has caused the authorities 
to restrict coal. Bunkers came in for a sustained interest 
while cokes and patent fuel were firm. 

Swansea Steel-Sheet Indusiry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business was a little easier as home 
consumers were already making purchases for Period II. 
The export market was more active and the sales were on 
#@ more satisfactory scale. Steel sheets continue to have 
an exceptional demand, in excess of the production, and 
fresh business is difficult to negotiate. Iron and steel 
scrap is in strong and urgent request. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Sheffield manufacturers are perturbed 
by a decision to curtail still further supplies of gas. As 
many as 160 firms in the steel, tool and cutlery industries 
have been notified that their consumption of gas must be 
reduced by 15 per cent., which would entail a serious loss 
of production. The decision has been brought to the 
notice of the Sheffield and District Regional Board of 
Industry, a special meeting of which has been convened 
to deal with the matter. A private meeting of the 
Sheffield Chamber of Commerce is to be held to investi- 
gate reports of German export competition in the steel 
and allied industries. Prices quoted in the heavy trades 
are understood to be below the British level, which 
compares well with the price range for equivalent pro- 
ducts in other countries. It had been considered gener- 
ally in Sheffield manufacturing circles that German com- 
petition was likely to be confined chiefly to the lighter 
industries. The growth of German competition in the 
cutlery trades has been investigated recently by 2 mission 
from the Sheffield Cutlery Manufacturers’ Association 
which has just returned from Germany. What is feared 
is a recurrence of cut-price competition of the type 
experienced in pre-war days. Already German inroads 
into the cutlery trade have been most marked in Latin 
America. Sheffield steelmakers are receiving fairly 
adequate supplies of raw materials, but more iron and 
steel scrap for re-melting is needed if steel production is 
to be maivtained at the present high level. The cam- 
paign for a larger scrap collection is being intensified, and 
special efforts are being made to induce agriculturists to 
dispose of the accumulation of scrap at farms. 


South Yorkshire Coal Trade.—Several pits have ex- 
ceeded their target outputs and others have nearly 
reached them. Indications show that steps to combat 
absenteeism are having good effect; some persistent 
absentees have been removed from work at the coal 
face. It has been possible to give better deliveries of 
coal to the railways and industrial concerns. Opencast 
coal is serving to supplement deliveries to electric power 
stations. More gas coal is needed to satisfy require- 
ments at the producer plants. Coking coal could be 
dealt with in much greater volume. The quality of coal 
sent to coke-works is not always satisfactory, and this 
retards coke production and lessens the yield of gas 
needed in much larger supplies through the South York- 
shire Gas Grid. Domestic consumption of gas, it is 
understood, is 25 per cent. higher than usual at this time 
of the year. House coal is in rather fuller supply and 
the quality hasimproved. Patent fuel is active. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The demand for iron and steel is 
extremely high and is still increasing. Producers are 
unable to meet current needs and the prospective require- 
ments of both home and overseas customers are much 
greater than the plants can turn out by running to the 
limit of capacity. The scarcity of pig-iron is causing 
grave anxiety. The acute shortage threatens to be 
increased by one of the five Middlesbrough hematite 
blast-furnaces going out of action owing to restricted ore 
deliveries. Ordinary foundry pig has not been produced 
on Tees-side for a considerable time, and hopes of a 
resumption of the make seem to have been abandoned. 
Quarterly allocations of pig-iron have been cut and users 
have difficulty in obtaining deliveries of their rationed 
tonnages. With all descriptions of pig iron in inadequate 
supply, the demand for refined iron is exceptionally 
large, but the output is relatively small. Further slight 
improvement in the yield of Cleveland ironstone mines 
can be reported and deliveries of iron and steel scrap 
remain substantial. 

Foundry and Basic Iron.—North-East Coast consumers 
of ordinary foundry pig-iron are dependent, almost 
entirely, for supplies from the Midlands, and deliveries 
from that area are, at times, unavoidably delayed, which 
seriously inconveniences users. Fortunately, basic-iron 
makers are able to cover the needs of their steel plants, 

Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite is urgently needed in much larger 
parcels than are obtainable, and distributable parcels of 
low- and medium-phosphorus grades of iron are promptly 
absorbed. Makers of refined iron can readily dispose of 
their products. 

Manufactured Iron and Steel.—Semi-finished and 
finished iron makers have good contracts to carry out 
and buyers are in the market with substantial orders. 
All branches of the steel industry are as actively engaged 
as circumstances permit but the total tonnage output 
is far below the demand. Better supplies of steel semies 
are reaching re-rolling mills and the improvement promises 
to continue as supplies are being imported from Belgium 
and Luxembourg under a new trade agreement. 
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NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





SOCIETY OF ENGINEERS.—Monday, February 7, 5.30 
p.m., Geological Society, Burlington House, Piccadilly, 
W.1. Presidential Address, by Mr. E. 8. Waddington. 


INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, February 7, 6 p.m., James Watt 
Memorial Institute, Birmingham. ‘“ Tidal Power and 
the Severn Barrage,” by Mr. H. Headland. North- 
Eastern Centre: Monday, February 7, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. Joint Meeting with InstI- 
TUTION OF MECHANICAL ENGINEERS, North-Eastern 
Branch. ‘“ Operating Experiences with High-Pressure 
Steam Power Plant,” by Mr. W. N. C. Clinch. Mersey 
Centre: Monday, February 7, 6.30 p.m., Royal Institu- 
tion, Colquitt-street, Liverpool. ‘‘ Application of Fre- 
quency Modulation to Multi-Channel Radio-Telephony,”’ 
by Mr. J. H. H. Merriman and Mr. R. W. White. Measure- 
ments and Utilization Sections: Tuesday, February 8, 
5.30 p.m., Victoria-embankment, W.C.2. “‘ Measurement 
of Light and Colour,” by Mr. G. T. Winch. North Mid- 
land Centre: Tuesday, February 8, 6.30 p.m., 1, White- 
hall-road, Leeds. ‘“‘ Sub-Stations: Yorkshire Practice,” 
by Mr. L. H. Fuller and Mr. C. R. Clarke. East Midland 
Centre: Tuesday, February 8, 6.30 p.m., Y.W.C.A.. 
Nottingham. “ Projects Favourable to Direct-Current 
Transmission,” by Mr. F. J. Erroll and Lord Forrester. 
Supply Section: Wednesday, February 9, 5.30 p.m., 
Victoria-embankment, W.C.2. “Selection of Trans- 
formers for Use in Distribution Networks,” by Mr. E. 
Tobin. North-Western Centre: Wednesday, February 9, 
7.30 p.m., 90, Deansgate, Manchester. Faraday Lecture : 
* Television,” by Sir Noel Ashbridge and Mr. H. Bishop. 

INSTITUTE OF ‘TRANSPORT.— Metropolitan Section: 
Monday, February 7, 6 p.m., Livingstone House, Broad- 
way, S.W.1. “Inland Waterways and the Transport 
Act, 1947,” by Mr. W. L. Ives. Yorkshire Section: 
Tuesday, February 8, 6.30 p.m., Great Northern Station 
Hotel, Leeds. ‘“‘ Swiss Federal Railways,”’ by Mr. H. O. 
Ernst. 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, February 7, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘‘ Machines for the Preparation 
of Textile Yarns,” by Mr. H. Whittaker. Institution : 
Friday, February 11, 6.30 p.m., 39, Victoria-street, 
S.W.1. “ Industrial Buildings,” by Mr.S. E. Meggitt. 

INSTITUTION OF CivIL ENGINEERS.—Tuesday, Feb- 
ruary 8, 5.30 p.m., Great George-street, S.W.1. “‘ Main- 
tenance of Roads with Particular Reference to Mechanical 
Aids,” by Mr. R. M. Finch and Mr. R. R. W. Grigson. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Feb- 
ruary 8, 5.30 p.m., 85, Minories, E.C.3. ‘‘ Corrosion of 
Turbine Journals,” by Mr. 8. E. Bowrey. 

INSTITUTION OF MECHANICAL ENGINEERS.—JInternal- 
Combustion Engine Group and AUTOMOBILE DIVISION: 
Tuesday, February 8, 6 p.m., Storey’s-gate, St. James’s 
Park, S.W.1. “ Valve-Port Design and Volumetric 
Efficiency of the Compression-Ignition Engine,’’ by Mr. 
C. B. Dicksee. South Wales Branch: Tuesday, Feb- 
ruary 8, 6 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. Thomas Lowe Gray Lecture: 
“Marine Engineering in the Royal Navy,” by Eng. 
Vice-Admiral Sir John Kingcome. Also at Western 
Branch: Thursday, February 10, 7 p.m., Merchant 
Venturers’ College, Bristol. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScOTLAND.—Tuesday, February 8, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘“‘ Flame Spraying of Metals 
and Plastics in Engineering and Shipbuilding,” by Mr. 
F. A. Rivett. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.— Wednesday, February 9, 2.30 p.m., Institution 
of Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. Presidential Address, by Mr. H. H. Bruce. 


INSTITUTE OF PETROLEUM.—Wednesday, February 9, 
5.30 p.m., 26, Portland-place, W.1. ‘‘ Production from 
Condensate Reservoirs,” by Mr. L. C. Stevens and Mr. 
P. B. Boots. 

INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday, 
February 9, 6.30 p.m., St. Bride Institute, Fleet-street, 
E.C.4. “ Malleable Iron Pipe Fittings,” by Mr. R. L. 
Quertier. 

RoyaL AERONAUTICAL Socrery.—Thursday, Feb- 
ruary 10, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. ‘‘ French Practical Aerodynamic 
Methods,” by Mr. J. M. R. Brocard and Mr. F. Hussenot. 


NortTuH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, February 11, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘‘ Vibration of Pro- 
peller Blades,” by Mr. W. L. Hughes; and “ Under- 
water Propeller Tests,’’ by Professor L. O. Burrill. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPte Bark 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
2. 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
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For Canada fA 5 0 

Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
ee mentioning the agent’s name and 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisemente will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

of “Appointments Open,” “Situations 

Wanted,” ‘‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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PLANNING THE FESTIVAL 
OF BRITAIN, 1951. 


Puans for the Festival of Britain, which is to be 
held in 1951 to celebrate the centenary of the Great 
Exhibition of 1851, are now taking shape. Much 
still remains to be done, however, as regards both 
policy and execution before these plans are con- 
verted into something concrete ; and two years is 
all too short a time in which to carry out the many 
remaining tasks. As has already been announced, 
the exhibition, which is to form one of the principal 
features of the Festival, is to be housed in temporary 
buildings on the south bank of the Thames, opposite 
Charing Cross ; and a start has been made in clearing 
a site for this purpose. A temporary bridge is to be 
built across the river to improve the present inade- 
quate access from the West End; and for the same 
reason it is possible that a ferry service will be inau- 
gurated. Amenities, such as floodlighting, fountains 
and, of course, fireworks, are to be provided to 
increase the attractiveness of the Festival; and 
formal dramatic and musical entertainments are 
also to be organised. In addition to the main 
exhibition, a special architectural display is to be 
staged on a site which has not yet been selected. 
The provinces are to be brought into the picture by 
organising subsidiary festivals; by providing a 
travelling exhibition, which, it is stated officially, 
will be a microcosm of the main display ; and by 
inducing local interests to make appropriate 
arrangements. Finally, it is hoped that such annual 
events as the British Industries Fair, the Royal 
Agricultural Show and the meeting of the British 
Association, will, for one year at least, be given a 
Festival bias. 

All this effort is being organised and financed by 
an ad hoc Council, of which Lord Ismay is chairman, 
and an Executive, of which Mr. Gerald Barry is head. 
These bodies are being assisted by others; in 
particular by the Council of Industrial Design, which 
has been made responsible for the contemporary 








industrial exhibits; and by two advisory bodies, 








which have been specially set upto ensure that British 
scientific and architectural developments will be 
adequately represented. As in the case of other 
human activities, all these bodies will eventually 
have to be judged by their works. It is not, 
however, too early to outline the policy the Council 
of Industrial Design is adopting with a view to 
providing as comprehensive a picture as possible of 
British achievements in the arts, science and 
industry in the main exhibition. Briefly, the 
intention is, we think wisely, not to stage a trade 
fair, in which individual firms would rent space, 
but to select exhibits to illustrate contemporary 
production, technique and design. If this policy is 
to be successful, it is clear that the support of 
industry must be obtained without delay. Other- 
wise criticism, misunderstanding and disappoint- 
ment will be inevitable, for in nothing are human 
beings so individual as in matters of taste. Moreover, 
when considerations of finance and prestige are also 
involved, as in this case, a full measure of tact and 
diplomacy will be required to prevent trouble. 

It is therefore unfortunate, although perhaps 
natural, that the Council are as yet unable to formu- 
late the exact methods by which they propose to 
select the exhibits. In general terms, it has been 
stated that the criterion will be the extent to which 
a product conforms with the highest standards of 
contemporary design; and that in determining 
these standards functional and zsthetic qualities 
will be among those taken into consideration. As 
regards engineering exhibits, precision, ease in 
operation and maintenance, safety and appearance 
will also be regarded as of prime importance. 

As a preliminary to the difficult task of final 
selection, the Council of Industrial Design have 
recently opened what is called a “‘ 1951 Stock List,” 
or photographic card index, of ali manufacturers’ 
products, the standard of excellence of which is 
potentially high enough to qualify them for sub- 
mission to the panel of selectors, which will make the 
final choice. This Stock List, it is hoped, will 
provide most of the material required for the 
purpose, although there will be no rule precluding 
the selectors from tapping other sources. For it 
to attain the maximum utility, this list, however, 
must be fully representative. Manufacturers are 
therefore being asked to provide the Council of 
Industrial Design with photographs and printed 
material relating to products which they would like 
to be considered ; and to remember, when so doing, 
that articles which command the highest sales are 
not necessarily those which reflect the greatest credit 
on designing ability. The Council are approach- 
ing trade associations and individual firms to 
discover developments, which may be worthy of a 
place in the exhibition. They are, also, placing 
themselves at the disposal of manufacturers who 
desire help regarding their designs for 1951; and 
would welcome information regarding new processes 
or materials, which could be exploited by designers 
in time for inclusion in the Stock List. 

We have been asked to support this appeal for 
co-operation and, being fully convinced of the 
important part the exhibition can play in furthering 
British trade, we do so willingly. We cannot, 
however, conceal from ourselves the fact that the 
real problem is not the collection of material, but its 
subsequent selection. The principal contribution 
that has so far been made to the solution of this 
problem, a solution which is fundamental to the 
whole display, has been to appoint a panel of leading 
industrialists, known as the 1951 Discussion Group, 
to decide what products are most fitted to “‘ tell the 
story ” it is desired to publish. In our opinion, it is 
essential that this story should be simple and 
unequivocal. It must, if possible, complement, 
and it certainly must not clash with, the stories told 
by other industries, nor with the general theme of 
the exhibition. If, however, as is conceivable, 
it is formulated without regard to the products 
which are available to illustrate it there is a risk that 
discrepancies may occur between various themes 
and that the full force of the fundamental lesson 
it is desired to teach will be diminished. On the 
other hand, if the products for exhibition are chosen 
solely with regard to the considerations we have 
mentioned above, although satisfactory for those 
purposes, they may fail in the aim of enunciating 
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some general truth. The Council of Industrial De- 
sign, upon whom the ultimate responsibility of 
selection has been placed, is therefore faced with this 
awkward dilemma : that while the selection depends 
upon the story, the story also depends upon the 
selection. 

We may clear the air a little, and possibly be of 
some assistance to this body if we analyse the 
various types of exhibition which exist and suggest 
the place into which the Festival of Britain falls in 
this classification. It is a subject upon which we 
can speak with some knowledge, since, like the 
great Duke of Wellington said of his relations 
with authors, we are much exposed to exhibitions. 
One principal type of exhibition is permanent and 
either of national or local interest. The British 
Museum, the Science Museum at South Kensington, 
and the Railway Museum at York fall into this 
category ; and there are, of course, many others. In 
all cases, their object is to illustrate the development 
of man’s knowledge and achievement throughout 
the ages, generally or in one or more limited fields. 
Few nowadays would dispute their educational 
value ; but their bias is admittedly historical, and 
their direct contribution to the advancement of 
industry is small. Another principal type of exhibi- 
tion is ephemeral rather than permanent, whether it 
be organised nationally, locally or by individuals. 
In one sense its object, or rather its consequence, 
is also educational, as it, too, plays a part in illus- 
trating progress in one or more fields. Its main 
aim is, however, commercial, being to stimulate 
trade by assisting manufacturers to display their 
goods and by making it easy for potential buyers 
to select their requirements from competing lines. 
The British Industries Fair and the Engineering and 
Shipping Exhibition are two examples of this form 
of activity, which will immediately occur to our 
readers. 

It has been postulated that the Festival of Britain 
exhibition shall not be historical, in which it will 
differ obviously from the Science Museum ; and as 
it is not to be a trade fair, it will not compete with 
the displays which are organised annually in 
London and at Castle Bromwich. It is necessary, 
however, that, if both of these classes of exhi- 
bition are to attain their objects, a careful selection 
of what is to be shown must be made. Otherwise, 
in the first case, objects of real interest and import- 
ance will be submerged in a mass of articles which 
are valueless from almost any point of view. In 
the second case, the prospective buyer will be 
hampered rather than assisted in his search for 
what he wants. In the case of a trade fair it is this 
failure to realise that interest is a predominant 
factor which leads to poor organisation and careless 
selection. It also gives rise to much of the cynicism 
which is often expressed by both seller and buyer 
about these displays. It is, on the other hand, a 
recognivion of it which accounts for so much of the 
optimism about the value of these displays which 
if less widespread, is often, on the whole, more 
justifiable. 

The conclusion we may draw from this argument 
is that it is the task of the organising authorities of 
the Festival of Britain exhibition to relate modernity 
with tradition, the present with the past, design with 
function and, lastly, demand with supply, in such a 
way that the results will be interesting, educative 
and promotional. If it fulfils these functions, it 
will do a great deal, both directly and indirectly, 
to stimulate Bricish industry, which, after all, is 
its underlying object. As far as engineering itself 
is concerned, the selection must be made in such 
a way that the stress is in the right direction. It 
will not be rendered easier by the fact that space 
at the exhibition will be limited. This disability, 
we understand, will be counteracted to some 
extent by arranging visits for those interested to 
such examples of modern engineering skill as power 
stations and railway works. Opportunities will also 
be given for inspecting in the factories tools and other 
equipment which, owing to their size or for other 
reasons, cannot be exhibited in London. We need 
hardly reiterate that to ensure success the promotors 
will require full co-operation from industry ; or that 
that co-operation implies a willingness to sink indivi- 
dual and sectional interests, at least temporarily, for 
the sake of general well-being. 





THE STRUCTURE AND 
SCANTLINGS OF STEEL 
SHIPS. 


THE first vessel to be built of steel is generally 
understood to have been the river steamer Ma 
Robert, constructed by John Laird and Sons in 
1857-58 for Livingstone’s expedition up the Zambesi. 
She was hardly more than a launch, being only 73 ft. 
long and propelled by a paddle engine of a mere 
10 nominal horse-power ; and the adoption of steel 
being solely due to the desire to reduce weight, it 
may be supposed that her scantlings were not such 
as to serve as a basis for future developments in the 
use of steel for shipbuilding. There were other 
attempts to employ steel for this purpose, but they 
did little to advance the innovation, and it was not 
until 1866—the year in which ENGINEERING was 
founded—that Lloyd’s Register of British and 
Foreign Shipping (as it was then), agreed to admit a 
steel vessel to their classification. She was of 
1,552 tons and built of Barrow hematite steel, and 
the Committee of the Society agreed—no doubt 
after much argument and, it would seem, with a 
certain amount of misgiving—to accept a sectional 
area of material equal to two-thirds of what would 
have been required if the vessel had been built of 
iron according to the Rules then in force ; but they 
classed her as ‘‘ Experimental,” with all the addi- 
tional surveys and limitations that this classification 
involved. This qualification persisted for more 
than ten years, in spite of the favourable reports of 
the Society’s own surveyors upon the quality of the 
steel being made at Barrow-in-Furness by the 
Bessemer process. Moreover, after having sanc- 
tioned a reduction of one-third in the scantlings of 
the first ship, as compared with those required with 
iron, they played for safety in accepting further 
steel ships for classification, revising this reduction 
to 25 per cent. 

By 1877, however, the great improvements 
effected in the production of steel of dependable 
quality—chiefly by the introduction of the Siemens- 
Martin open-hearth process—could be disregarded no 
longer by shipowners, and the building of steel 
ships began in earnest. In 1880, according to 
the volume of Annals published in 1884 to mark the 
jubilee of Lloyd’s Register, ships aggregating 
35,000 tons were built of steel under the inspection 
of the Society’s surveyors. In 1881, another 42,000 
tons were added; in 1882, nearly 126,000 tons ; 
and in 1883, 166,428 tons, all of which were con- 
structed according to the Rules for iron ships, with 
the appropriate correction. Such developments 
could not be ignored, and in 1888 the Society pub- 
lished their first Rules for Steel Ships, drawn up 
by the then Chief Surveyor, Benjamin Martell. 
They were revised on a number of occasions subse- 
quently to take account of improved constructional 
techniques, the development of new forms of rolled 
sections, and the extension of knowledge regarding 
the strength of ships’ hulls designed according to 
the various systems in vogue from time to time ; 
but for the recent war, they would have been sub- 
jected to a further revision in 1940. 

The postponement of the 1940 revision, however, 
has proved to be opportune. Much has been learned 
since then, by experience in this country and 
abroad, of the extent to which departures from 
traditional dispositions of hull material could be 
sanctioned without detriment to safety, and the 
delay has enabled this knowledge to be embodied 
in the new Rules which were published by the 
Society a fortnight ago, and which come into force 
on July 1, 1949.* As 26 years have passed since 
the previous revision, it will be appreciated that 
a great amount of experience has been accumulated, 
of which the new Rules had to take account; not 
least is the use of welding, which was practically an 
unknown craft at the date of the previous issue. 
The Fullagar had then been in service for several 
years, but probably in no shipyard in the country 
at that time was there any adequate appreciation of 





* Notice No. 1899. Revised General Regulations for the 
Classification of Steel Ships and their Machinery; and 
Rules and Tables of Scantlings for the Construction of 
Steel Ships. Issued free on application to Lloyd’s Register 
of Shipping, 71, Fenchurch-street, London, E.C.3. 
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the extent to which welding would be adopted before 


the succeeding issue of the Rules was drafted. 

The new Rules, in fact, are hardly to be classed 
as a revision ; so extensive are the alterations that 
no mere list of detail modifications would enahle 
the possessor of the 1922 Rules to annotate them in 
order to bring them up to date. As is explained in 
a summary of the alterations which accompanied 
our review copy of the new publication, the scant- 
lings are now derived from one basic standard and 
are related directly to the principal dimensions of 
the ship and to the draught ; corrections are pro- 
vided to afford necessary adjustments of the figures, 
the former system of ‘‘ Lloyd’s numerals ” having 
been discarded in the case of the hull scantlings, 
though they are still retained for certain other 
items, such as the diameter of rudder heads, By 
this means, suitable scantlings can be determined 
for all the most important types of ship, from 
cargo vessels to light-draught passenger ships. It 
is considered that the new method will be found 
very advantageous by designers, as the effect of 
altering any of the dimensions, or the draught, can 
be readily ascertained. At the same time, the 
material 6f the hull is more effectively distributed, 
giving improved strength without any increase in 
the weight of the structure, parts of little structural 
significance having been reduced in thickness and 
the material thus saved added to the thickness of 
the strength decks. 

The tabulation of shell-plating thickness is based 
on the length, depth and draught of the vessel, and 
the topside scantlings on length, breadth, depth and 
draught. The required scantlings of the strength 
deck are given as sectional areas and, to minimise 
calculation, the same practice is ‘followed in the 
case of lower decks, which are tabulated according 
to length and breadth; corrections modifying the 
basic figuies for intermediate or other dimen- 
sions are given as percentages. A new table is 
incorporated, giving the scantlings of longitudinal 
framing for the bottom shell plating and for decks. 
In the case of side framing, the tables of scantlings 
of hold framing are based on depth, draught, and 
the depth from the double bottom to the lowest 
deck at the side ; with corrections, as in the former 
instances, for departures from the dimensions given. 
For the ’tween-deck framing, and in other tables, 
such as those dealing with beams, bulkhead stiff- 
eners, and other rolled sections, the section moduli 
are given; and tables of the properties of the 
various types of sections, for both riveted and 
welded construction, are also provided. The scant- 
lings of rolled sections are based on the 1924 British 
Standards, though the Committee are prepared to 
consider alternative sections. A new feature is the 
inclusion of scantlings for streamlined cast or built 
stern-frames, built rudders, plate stems, deckhouses, 
and unstayed masts and derrick posts. 

An example of the effect of the revisions is a 
shelter-deck cargo vessel (with tonnage opening) 
measuring 420 ft. in length, 57-ft. beam, 38 ft. 
deep to the shelter deck, and 29-5 ft. to the second 
deck; and having a draught of 26 ft. Under the 
old Rules, such a vessel would have shell plating 
0-58 in. thick; a sheer strake 0-69 in. thick; 
upper-deck plating 0-47 in. thick, with 0-61-in. 
stringers; and second-deck plating, 0-37 in. with 
0-4l1-in. stringers. The new Rules would make the 
side and bottom shell plating 0-60 in..thick and 
the sheer strake 0-72 in.; the upper-deck plating 
and stringers would both be 0-62 in.; and the 
second-deck plating and stringers, 0-35 in. The 
main frames would be identical in both cases— 
bulb angles 13}-in. by 4-in. and 0-46-in. thick ; but 
the ’tween-deck bulb-angle frames (worked alter- 
nately), while of equal depth and breadth, namely, 
7 in. by 3} in., would be increased in thickness from 
0-36 in. to 0-48 in. In spite of the increased 
thickness of the upper deck and shell plating, and 
of the *tween-deck framing, the total weight of the 
ship under the new Rules would be slightly less than 
under the old Rules. A factor contributing con- 
siderably to this result is a reduction in the length 
over which the midship thicknesses extend, from 
0-5 of the length to 0-4. The new Rules apply to 
both riveted and welded construction, but certain re- 
ductions in scantlings are permitted where watertight 
and oil-tight bulkheads are completely welded. 
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NOTES. 


THE InstTITUTION OF MECHANICAL ENGINEERS. 


Two papers, both somewhat unusual in subject, 
were presented at the extra general meeting of the 
Institution of Mechanical Engineers, which was held 
in London on Friday, January 28. The first of these 
on “‘ The Application of Free Jets to the Mixing of 
Fluids in Bulk,” was contributed by Mr. H. Fossett 
and Mr. L. E. Prosser, B.Sc. (Eng.), and the second, 
which described ‘‘ Investigations into Cyclone Dust 
Collectors,” by Professor A. J. ter Linden, of the 
Technical High School, at Delft, Holland. The chair 
was taken by the President, Captain (E) William 
Gregson, R.N.R., M.Sc. The work described by 
Mr. Fossett and Mr. Prosser originated during the 
war, when it was necessary to find a method of 
quickly blending aviation petrol stored in large 
cylindrical underground tanks, in which, as the tanks 
were completely buried, it was impracticable to 
construct a distributing system of pipes. For the 
purpose of mixing with the petrol the required 
proportion of tetraethyl-lead, therefore, an arrange- 
ment was devised of two nozzles, set at an angle to 
each other and supplied through a single pipe so 
as to induce a flow pattern in three dimensions. 
The jets met at the opposite end of the diameter on 
which the pipe entered the tank and were deflected 
backward and upward, the flow returning to the 
vicinity of the nozzles. The initial experiments 
were carried out with models, a concentrated dye 
solution being used to represent the tetraethyl-lead. 
It was found possible to develop an expression which 
gave the time required to achieve complete mixing, 
in terms of the tank diameter, the volumetric rate 
of discharge through the nozzle, and the velocity 
at the nozzle. The tests indicated that mixing 
by this means would be accomplished in a much 
shorter time than was usually required with conven- 
tional mixing devices, and this was borne out in 
practice. Various combinations and inclinations of 
nozzles weré tried and, following the success of the 
method with tetraethyl-lead and petrol, its applica- 
tion was extended to the blending of lubricating and 
other oils. Professor ter Linden’s paper summarised 
the results of many years of research on cyclone 
dust-collectors at the Technical High School, Delft, 
where he occupies the chair of mechanical engineer- 
ing. The principal investigations described were 
directed to the determination of the most efficient 
shape of a cyclone, the influence of position on 
efficiency, and the flow of gas and dust inside a 
cyclone. From the data obtained, he developed a 
simple theory to enable the approximate calculation 
of the size of the largest dust particles that might 
escape through a cyclone. The effect of variations 
in the quantity of gas on the efficiency of a cyclone 
was also determined, and a description was given 
of a method for measuring the dust content in a 
flow of gas by means of a small cyclone. In replying 
to the discussion, Professor ter Linden mentioned 
that he had made a number of experiments on the 
use of a cyclone as a sieve, but in no case did he 
succeed in obtaining a satisfactory separation 
between coarse dust and fine dust. 


THE WIRELESS TELEGRAPHY BILL. 

By the Wireless Telegraphy Bill, which was intro- 
duced by the Postmaster-General (the Rt. Hon. 
W. Paling, M.P.) in the House of Commons on 
Monday, November 1, 1948, owners of domestic 
electric apparatus and of the equipment used on 
motor cars were obliged to ensure that it would not 
cause interference with radio and television recep- 
tion. In the debate, which followed on the second 
reading of the Bill, exception was taken to this 
provision on the grounds that it would place undue 
expense on the poorer inhabitants; and that the 
same end would be better and more economically 
attained by requiring the manufacturers to fit the 
necessary suppressors as an essential part of the 
potentially offending apparatus. This view has 
now been accepted by the Government, with the 
result that when the Bill was reconsidered by a 
Committee of the whole House on Tuesday, Janu- 
ary 25, a new clause was introduced. This permits 
the Postmaster-General to prohibit persons manufac- 
turing, assembling or importing apparatus, which 





does not comply with the requirements regarding 
non-interference, from selling, hiring, offering or 
advertising it for sale. Owners of existing appara- 
tus, which might cause interference, are still, how- 
ever, obliged, if required to do so, to fit suppressors 
at their own expense. The plea that the cost of these 
suppressors should be met by the Government or 
by the possessor of the radio or television set (if 
that was installed subsequertly to the interfering 
apparatus) was rejected for reasons, we suppose, 
more of convenience than equity. It was promised, 
however, that the necessary suppressors should 
be placed on the market at the lowest possible 
cost. A real improvement has therefore been made 
in the original measure, although the debate showed 
that the House of Commons is not a body well 
suited to the discussion of technical matters. When 
moving the third reading of the Bill, which took 
place on the same day, the Postmaster-General said 
that there were now about 11} million wireless 
licence holders in the country ; and a large propor- 
tion of the population had voluntarily helped to 
prevent interference with reception. The powers 
given by the Bill would therefore probably be 
seldom used but their existence would be of great 
assistance in dealing with a nuisance. 


Tue W. H. A. Ropertson Awarp, InstrITUTE 
oF METALS. 

As was recorded in our columns at the time, it 
was announced at last year’s annual general meeting 
of the Institute of Metals, held in London on 
March 16 and 17, 1948, that Messrs. W. H. A. 
Robertson and Company, Limited, of Bedford, had 
offered to the Institute a medal and a premium to 
be awarded for the encouragement of the publication 
of papers dealing with the engineering side of non- 
ferrous metal production. Further particulars 
regarding the award have now been issued by the 
Council of the Institute, whose address is 4, Gros- 
venor-gardens, London, 8.W.1. The design for a 
bronze medal, 3 in. in diameter, has been approved 
and this and a premium, to be known as the W. H. A. 
Robertson Medal and Premium, will be awarded 
annually by the Council to the author or authors 
of the most meritorious paper contributed to the 
Journal of the Institute on engineering aspects of 
non-ferrous metallurgy. The award will not be 
made in any year in which the Council decides that 
no paper of sufficient merit to justify the award 
has been published. For the first award, the 
Medal Committee of the Institute will consider 
papers published in the Journal from March, 1948, 
until August, 1949, both months inclusive. There- 
after, the annual award will be made in respect of 
papers published in the Journal during the twelve 
issues from September of one year to August of 
the next. 


Services RESEARCH FaciLiTrEs COMMITTEE. 


At the invitation of the Council of the Royal 
Society, the Lords Commissioners of the Admiralty, 
the Army Council, the Air Council, and the Ministry 
of Supply have appointed representatives on a 
Defence Services Research Facilities Committee. 
The terms of reference of the new Committee are : 
“To consider proposals for the use of Service 
facilities and personnel for assisting scientific 
research, and to make recommendations to the Coun- 
cil of the Royal Society, and to the Lords Commis- 
sioners of the Admiralty, the Army Council and the 
Air Council.” The chairman of the Committee is 
Sir Geoffrey Taylor, F.R.S., and the representatives 
of the Royal Society are Professor P. M. 8. Blackett, 
F.R.S., Sir Harold Spencer Jones, F.R.S., Dr. A. C. 
Menzies, and Mr. F. 8S. Russell, F.R.S. The repre- 
sentatives of the Admiralty are Vice-Admiral 
A. G.N. Wyatt, hydrographer, and Mr. F. Brundrett, 
C.B., B.A., Chief of the Royal Naval Scientific 
Service ; while those of the War Office are Lieut.- 
General Sir Kenneth Crawford, C.B., M.C., Deputy 
Chief of the Imperial General Staff, and Dr. O. H. 
Wansbrough-Jones, 0.B.E., M.A., Scientific Adviser 
to the Army Council. The representatives of the 
Air Ministry on the Committee are Air Vice-Marshal 
C. E. N. Guest, C.B., C.B.E., Assistant Chief of the 
Air Staff—Operations, and Mr. G. 8. Whittuck, 
Head of 8.6; while those of the Ministry of Supply 
are Dr. F. J. Wilkins, M.Sc., Principal Director of 





Scientific Research—Defence, and Mr. H. M. 








Garner, M.A., A.F.R.Ae.8., Principal Director of 
Scientific Research—Air. The Committee have 
decided to conduct their business through panels of 
scientists and Service representatives who are speci- 
ally interested in specific projects. At the first 
meeting of the Committee, therefore, panels were 
formed to cover submarine gravity measurements, 
the question of surplus explosives, the subject of 
magnetic survey, aerial photography and scientific 
expeditions. Scientists who desire to submit 
proposals for consideration by the Committee are 
requested to communicate their suggestions, in the 
first instance, to the Assistant Secretary, the 
Royal Society, Burlington House, London, W.1. 


Jornt Apvisorny COUNCILS IN THE ELECTRICITY 
Suprty Inpustry. 


Under the Electricity Act, 1947, the British 
Electricity Authority is responsible for securing 
agreement with the trade unions on machinery for 
the promotion and encouragement of measures 
affecting the safety, health and welfare of electricity 
employees throughout Great Britain ; and for the 
discussion of other matters, including efficiency in 
the operation of the services of the Electricity 
Boards. Joint consultative machinery at national, 
district and local levels is therefore being established, 
as the result of an agreement dated January 1, 1949, 
between the British Electricity Authority and the 
trade unions. One of these consultative bodies is 
the National Joint Advisory Council, which held its 
first meeting on Thursday, January 27. This 
Council has 59 members, comprising representatives 
of the trade unions, the British Electricity Authority 
and its Generation Divisions, the 14 Area Electricity 
Boards and the North of Scotland Hydro-Electric 
Board. The chairman is Lord Citrine. The Council 
is empowered to establish committees to undertake 
work in connection with safety, health, welfare, 
education and training, as well as in connection with 
any other of its functions. District Joint Advisory 
Councils, each with 18 members, will be set up for the 
areas of the Area Electricity Boards and the North 
of Scotland Board, and will include representatives 
of the Generation Divisions and Boards and of the 
trade unions. Local Advisory Committees repre- 
sentative of management and employees in the power 
stations, distribution sub-areas and other appro- 
priate groups will also be formed. 


JAMES WATT AND THE HeERIoT-Watt COLLEGE. 


At the annual general meeting of the Watt Club, 
held in the Heriot-Watt College, Edinburgh, on 
Saturday, January 29, an address on “ James Watt 
and the Heriot-Watt College” was delivered by 
the President of the Club, Principal J. Cameron 
Smail. In his opening remarks, Principal Smail 
answered a question which must have occurred to 
many visitors to Edinburgh: namely, what was the 
connection between James Watt, a native of 
Greenock, and the Edinburgh college in the title 
of which his name is associated with that of George 
Heriot, jeweller to King James (the Sixth of Scot- 
land and First of England), who died more than a 
century before Watt was born. The answer, 
Principal Smail explained, was that the association 
was purely a complimentary and commemorative 
one, inspired by the recognition that, by Watt’s 
death in 1819, there had passed an engineer of such 
outstanding merit that the whole nation was in his 
debt. Following the opening of a subscription to 
erect the monument which now stands in West- 
minster Abbey, Lord Cockburn proposed, in July, 
1824, that a memorial building should be erected in 
Edinburgh and used to accommodate the School of 
Arts. The proposal did not mature, however, and 
in 1851, instead of a new building, the Directors of 
the School of Arts bought the old one in Adam- 
square, which had been occupied by the School for 
nearly 30 years. The name of the School was then 
changed to the Watt Institution and School of Arts. 
In the centre of Adam-square (named after Robert 
Adam, the architect) a statue of James Watt was 
placed. The completion of the memorial scheme 
was Officially celebrated on May 12, 1854. At a 
students’ dinner which followed, Mr. J. E. Vernon, 
a jeweller, proposed the formation of a Watt Club, 
to bring the students together at an annual supper 
on the anniversary (January 19) of Watt’s death. 
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This was done, and the baton of office, presented by 
Vernon, is still used by the successive Presidents, 
whose names it bears on a series of silver rings. 
The college building was extended from time to time 
to accommodate the increasing number of students 
(which rose from 747 in 1872-73 to 1,134 in 1873-74), 
when the new building was erected, which now 
forms the central part of the establishment. By 
1879-80 the total had risen to 2,375; and in 1879, 
negotiations were begun with George Heriot’s Lrust 
which resulted in a merger of their interests and 
property, and a change of title to the Heriot-Watt 
College. It continued under the auspices of George 
Heriot’s Trust until 1928, when a new governing 
body was constituted under the Heriot-Watt College 
-_ George Heriot’s Trust Order Confirmation Act 
of 1927. 


THE Work or ELEcrricaL CoNSULTATIVE 
CouncILs. 


Some indication of the work which will be 
done by the Consultative Councils that are being 
set up under the Electricity Act, 1947, was given by 
Alderman Wright Robinson at the inaugural meeting 
of the Council for the North-Western Area in Man- 
chester, on Friday, January 28. ‘Lhe main function 
of this body, which largely consists of local authority 
representatives, he said, would be to transmit to 
the North-Western Electricity Board any sugges- 
tions and advice it was felt would be in the con- 
sumers’ interests. In the last resort the Council had 
direct appeal to the British Electricity Authority 
in London, but he hoped that that was a remote 
contingency, as the note struck at all the preliminary 
negotiations had been one of co-operation. The 
object of the Council, however, was rather larger 
than that of being a receiving house for individual 
complaints, which should, in the first place, continue 
to be made to the locai offices of the Area Board. 
Complaints received from individuals by the Council 
would also be sent to the local offices, unless they 
raised matters of general importance, when they 
might be passed to the headquarters of the Area 
Board with comments. It was ironical that they 
should have to begin their activities by encouraging 
the reduction of electricity consumption to the barest 
necessities, especially during peak hours. Mr. A. O. 
Johnson, chief commercial officer of the Area Board, 
mentioned that among the commercial problems 
with which they were faced were the simplification 
and standardisation of tariffs. The Board was 
anxious to give efficient and prompt service and all 
new types of domestic electrical appliances would 
be tested before they were offered to the public. 
There was no ground for the suggestion that 20 to 
25 years must elapse before an unrestricted service 
of electricity would be available in the north-west. 
Tt was, in fact, safe to say that within five years, or 
perhaps less, a greatly improved service would be 
possible. 


Tue Soura Wa Es InstiruTe oF ENGINEERS. 


The presidential address which Mr. C. T. Allan, 
M.I.E.E., delivered to the South Wales Institute of 
Engineers, at their meeting in Cardiff on Thursday, 
January 20, was described by him as dealing with 
“The Engineer—the Forgotten Engineer, his youth, 
his after life and work, and our Institute.” It 
included ‘‘some general comments,” as he termed 
them, which included personal reminiscences of 
installing electric-lighting plant at Sandringham for 
King Edward VII, and erecting and driving an 
early electric locomotive in Sweden, operating on 
single-phase current at 22,000 volts. The latter 
reference was interpolated in a consideration of 
electric traction on British railways, in which Mr. 
Allan suggested that the South Wales coalfield 
appeared to offer a particularly attractive field for 
such a development. Most of the collieries being 
situated on high ground, 500 ft. to 1,000 ft. above 
the ports of shipment, regenerative braking on the 
loaded coal trains should return a considerable pro- 
portion of energy to the system. In general, he 
favoured single-phase traction, with overhead con- 
ductors. Mr. Allan’s remarks on the young engineer, 
his training, his opportunities and how he should 
take advantage of them, were addressed primarily 
to those members of the Institute constituting the 
junior grades and followed lines which are no less 








sound for being too familiar to need quotation ; but 
this section of his address provided occasion to recall 
the excellent work done by the Advisory Council 
for Technical Education in South Wales and 
Monmouthshire, to be disbanded next month and 
replaced by a new organisation under the Ministry 
of Education. An important activity of the present 
Advisory Council has been the co-ordination of 
technical education throughout the area under their 
supervision, whereby students from the outlying 
schools are enabled to proceed to the universities 
and more advanced technical colleges in Cardiff, 
Swansea and elsewhere. Mr. Allan remarked, how- 
ever, that there was still some difficulty in finding 
openings in South Wales for all the students who 
wished to obtain works experience during the 
summer vacations. 





LETTER TO THE EDITOR. 


THE FAIRMILE MARINE COMPANY, 
LIMITED. 


To THE Eprror oF ENGINEERING. 


Sm,—You will, no doubt, be interested to hear 
that the Admiralty decided to place the Fairmile 
Marine Company, Limited, in voluntary liquidation 
at the end of December, 1948, and have appointed 
Mr. W. H. Parton, 0.B.E., Chartered Accountant, 
to act as liquidator. It has been well known that 
the Fairmile Marine Company, who were responsible 
for the construction of a vast number of M.L’s., 
M.T.B’s., M.G.B’s. and other Service craft and 
equipment during the war, was owned by, and acted 
solely for, the Admiralty since early in 1940. The 
company subsequently provided the organisation 
for the Director of Small Craft Disposals, and con- 
tinued to do so until December, 1948, when the 
comparatively small amount of work remaining was 
transferred to Bath. 

It has long been the desire of the senior executives 
of the Fairmile Marine Company to remain together 
as a team and to retain certain other key personnel 
after their services with the Admiralty had been 
concluded. A new company has, therefore, been 
formed, named the Fairmile Construction Company, 
Limited, which is operating from The Fairmile, 
Cobham, Surrey (telephone Cobham 400). The 
directors of this company are all former executives 
of the original Fairmile Company. The new com- 
pany will be actively engaged in all branches of the 
marine industry, both private and commercial, and 
also in specialised and general engineering. 

Yours faithfully, 
for Fairmile Construction Company, 
Limited, 
P. H. MrssENGER. 
Director. 
Fairmile Construction Company, Limited, 
Cobham, 
Surrey. 
January 25, 1949. 





OVERHEAD ELECTRIC LINES IN THE LAKE DISTRICT.— 
According to The Times,a conference of representatives 
of the Lancashire, Cumberland and Westmorland Town 
and Country Planning Committee “felt it was most 
essential that electricity should be made available in 
valleys and remote parts of the Lake District as soon as 
possible.”” At the same time the Committee informed the 
Minister of Fuel and Power and the British Electricity 
Authority that all electricity lines should be laid under- 
ground within the Lake District national park, except 
where they could be carried overhead without damage 
to the amenities. 





ENGINEERING-LEGAL SOcTETY.—In view of the growing 
complexity of the law in its relation to engineering, and 
the increasing attention which engineers in senior execu- 
tive positions have to give to legal questions, a new body 
entitled the Engineering-Legal Society has been formed, 
and membership is open to persons qualified in law or 
engineering and interested in the law affecting all 
branches of the latter. Sir John Dalton has been 
appointed chairman, and the committee include Mr. R. 
Birt, Mr. C. L. G. Fairfield, Mr. E. J. Rimmer and Mr. 
H. E. Spicer; Mr. R. Baldwin is honorary secretary. 
Persons interested are invited to communicate with 
Mr. Baldwin, c/o The Electrical Times, Sardinia House, 
Sardinia-street, Kingsway, London, W.C.2. 
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STEEL COMPANY OF WALES 
CONSTRUCTION WORK. 


A REPORT on the progress of construction of the 
Abbey Works hot strip-rolling mill in South Wales 
has been issued. The work is part of a scheme, brief 
particulars of which were given in ENGINEERING, vol. 
163, page 155 (1947), which was prepared by the Stee! 
Company of Wales, Limited. As originally envisaged, 
the scheme also included cold-reduction plants at 
Llangyfelach, Swansea, and at Trostre, Llanelly, but « 
plant at Llangyfelach has not been undertaken. The 
80-in. continuous hot strip-rolling mill is being erected 
in the new Abbey Works adjacent to the existing 
Margam Steelworks at Port Talbot, which is being 
reconstructed as part of the scheme. 

At Margam Works all railway sidings have been laid 
for the reception of coal, iron ore and limestone ; work 
on the wagon tipplers is well advanced and construction 
of sow-nnsteriall conveyors has commenced. Twelve 
of the first 18 blending bunkers of a new coal washery 
are completed up to bunker-top level, and the remainder 
are in various stages of construction. A railway em- 
bankment which cuts through the washery site is about 
to be removed. Of the proposed 90 new coke ovens, 
the foundations of the first group of 30 are nearing com- 
pletion, while for the second group the north buttress 
wall is about two-thirds finished. No. 2. blast furnace, 
which had a hearth 16 ft. in diameter, has been com- 
pletely dismantled, and the erection of a new furnace 
with a 25 ft. 9 in. hearth commenced. The foundation 
block to support the furnace has been completed and 
the baseplates have been located. Piling and founda- 
tions for the main structure of the cast-house building 
are nearly finished. 

The first two treating units of an extension to the 
Lodge-Cottrell gas-cleaning plant are almost finished 
and work is due to commence on the scrubber towers. 
The foundations for the boilers of the works power plant 
are ready, and the erection of the boiler-house structure 
has been started. Work on the supérstructure of a 
new pumping plant is proceeding. The structure which 
will carry the low-level transfer cars along the ore stock- 
yard is about half complete, and the replacement 
of the low-level rail beam of the transporters is almost 
finished. Some work on the new extension of the 
beam has also been done. The falsework for the 
erection of the first of the new transporters has been 
commenced. A new pig-casting machine is being 
erected on a site between Margam and Port Talbot 
works, and work on this is proceeding satisfactorily. 
The new machine is expected to be ready for —— 
by the end of February. Ina programme of rebuilding 
the existing open-hearth furnaces, one furnace has been 
completed and has been in use since February, 1948, 
and a second is almost finished. The steelwork for a 
new central repair shop is being erected and work on 
the roof is expected to start shortly. Five new railway 
bridges are required in connection with the alteration 
of railway tracks to conform with the layout of the new 
works ; three are finished and work is progressing on 
the other two. Some of the track work has also been 
completed. ‘ 

At the Abbey Works, transportation of filling to 
raise the level of the site, and pile driving and founda- 
tion work are still proceeding. The erection of steel- 
work, ete., is progressing steadily. The work already 
done has included 3,257,375 cubic yards of sand and 
slag laid as filling ; 20,157 piles driven; 5,633 tons of 
steel reinforcement placed ; 130,984 cubic yards of con- 
crete placed ; and 3,415 tons of steelwork erected. The 
building for the mould-preparation bay is practically 
complete, and is being used by Messrs. Dorman, Long 
and Company, Limited, as a fabricating shop for the 
exceptionally heavy steelwork which will be erected in 
the adjoining melting shop. In this shop, the founda- 
tions for the first eight 200-ton furnaces are almost com- 
plete. Steelwork erection has been commenced; one 
of the first items to be erected is a crane girder which is 
believed to be the largest all-welded girder ever made. 
It weighs 90 tons, and is 110-ft. long, 12 ft. 5 in. deep 
and 3 ft. wide. Twenty-one other similar girders are 
required for the melting shop. Foundations for the 
soaking pits have been completed, and the erection of 
steelwork for the building is in progress. 

Most of the foundations for the slabbing-mill area are 
complete and foundation work for the continuous mill is 
well in hand. Civil-engineering work has recently been 
commenced on the site for the cold-reduction mill ; 
foundations for the pump house are nearing completion 
and the steel framework for the superstructure is being 
erected. The shell of a cooling tower is nearly half 
completed, and culverts for the main system for dis- 
charging water to the sea and for general site drainage 
are nearly finished. Some switchgear and transformers 
are being installed in the sub-stations, and will be used 
temporarily for supplying power to the contractors 
plant. A permanent rail connection from Abbey 
Works to the British Railways is complete. Three ship- 
loads of machinery from the United States have been 








delivered to the site. 
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BRITISH RAILWAYS STANDARD FLAT-BOTTOM RAILS. 


Fig.1 109 LB. RAIL 
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STANDARD FLAT-BOTTOM RAILS 
FOR BRITISH RAILWAYS. 


A sertizs of trials of various types of flat-bottom 
rails, which commenced on the former London Midland 
and Scottish Railway in 1936 and was later taken up 
by the other main-line companies, has culminated in 
the adoption by the Railway Executive of 109-lb. and 
98-lb. flat-bottom rails as standard for the whole of 
British Railways. (London Transport is not affected.) 
Hitherto, the bull-head rail has been standard in this 
country, although less than 5 per cent. of the tracks 
in the world have been of this type. It has formed a 
very efficient track, although costly to maintain, but 
now that British Railways are conforming with the 
practice of most other railways by adopting flat- 
bottom rails it does not mean that they are lowering 
their standards. On the contrary, the new tracks will 
be stronger, they will last longer, initial costs will be 
higher but maintenance costs will be lower. They 
require about 15 per cent. less time for their upkeep. 
The new tondesls. provide for baseplates and elastic 
fastenings, and a mile of track laid with the new 
109-Ib. rail will weigh 257 tons for all metal parts, 
compared with 248 tons for track laid with the former 
standard 95-lb. bull-head rail. It is of interest to note 
that a form of flat-bottom rail was used in the early 
days of railways in various parts of this country. 

Figs. 1 and 2, on this page, are cross-sections of the 
109-Ib. rail and the 98-lb. rail, respectively, and 
Tables I and II give the particulars of each rail and 
fishplate, including the exact weight per yard of the 
rails, moments of inertia about the horizontal axis (I,,) 
and about the vertical axis (Iy,), and the section 
moduli (Z) above and below the neutral axis. The 
tables also give the corresponding particulars for the 








95-lb. and 85-Ib. bull-head rails, which the new flat- 
bottom rails will replace. It will be seen that for quite 
a small increase in the weight of steel there is a sub- 
stantial increase in strength; Ly, is particularly greater, 
largely owing to the flat-bottom form of the section. 
The increase in strength of the fishplates is even more 
marked than that of the rails. On page 188 of our 
164th volume (1947), in an article on the trials of flat- 
bottom rails, then being undertaken by the L.M.S., a 
cross-section of an experimental 113-Ib. rail was given. 
If this is compared with the new standard 109-Ib. rail, it 
will be found that the decreased weight is mainly due 
to a reduction in the depth of rail from 63 in. to 6} in. 
A small flange on the lower outside edge of the fish- 
plate has been eliminated, leaving only the flange at 
the upper outside edge. 

Figs. 1 and 2 show the relative positions of fully- 
worn wheels and rails, the wear on the rails including 
side wear, and top wear of } in. for the 109-Ib. rail and 
of % in. for the 98-Ib. rail. They also show two of the 
various types of fastenings used. These fastenings 
require less maintenance than the wooden keys used 
with bull-head rails, and reduce rail creep. The surface 
of the baseplate on which the rail rests is cambered to 
allow for the slight wave-like flexing of the rail when 
a train passes. The baseplate rests directly on the 
sleeper, but Mr. J. C. L. Train, M.C., M.I.C.E., the 
member of the Railway Executive responsible for civil 
engineering and signalling, stated that felt pads may 
be used between the baseplates and sleepers when they 
are available. Rolled-steel, as well as cast-iron, base- 
plates will be used. The new rails will be rolled in 
standard 60-ft. lengths, but it is probable that some 
180-ft. and 300-ft. welded lengths will be used. The 
sleeper spacing remains the same as for bull-head rails. 
Flat-bottom rails spread the load more than bull- 














head rails ; they also maintain their alignment better, 
and, in the form now proposed, ensure smoother and 
quieter travel. The life of rails varies considerably, 
depending on the location, but it is estimated tenta- 
tively that the 109-Ib. rail will last for 21 years where 
the 95-lb. bull-head rail would last 19 years. Apart 
from the advantage of lower maintenance costs, which 
will, it is expected, offset the slight increase in capital 
cost, a mile of 109-lb. track requires 16,900 fewer com- 

ments (including fastenings, etc.) than the same 
ength of track laid with 95-lb. bull-head rails. In 
Figs. 1 and 2, three of the type of fastening shown on 
the left, or two of the type shown on the right, are 
required for each baseplate. These fastenings hold the 
rail to the baseplate and the baseplate to the rail, 
whereas 95-lb. bull-head rails require wooden keys to 
hold the rail in the chairs, and bolts, screws or spikes 
to fasten the chairs to the sleepers. 

The Railway Executive have also decided to classify 
all lines thus: lines subject to speeds exceeding 

















TABLE I. 109-lb. Flat-Bottom Rail and Fishplate. 
| 
-—_ | _109-Ib. 95-lb. Increase, 
| F.B. Rail. | B.H. nat per cent. 
' 
Rail. | 
Area of cross-section, sq. in. | 10-71 9-28 | 15-4 
Weight, lb. per yard 109-1 94-54 | 15-4 
Ipp Of rail, in.4 ? : 55-9 | 35-1 | 59-3 
Iyy of rail, in.4 _ idl 9-67 | 4-09 136-2 
Z, top,in.d .. i sal 16-89 | 13-12 28-7 
Z, bottom, in.5 19-02 11-53 | 65-0 
Fishplate. 
Length, in. 7 - 20 18 11-1 
Area of cross-section, sq. in. | 5-04 3-35 50-5 
Izz (pair of fishplates), in.4. .| 13-74 5-76 138-6 
lyy (each fishplate),in.4 ..! 0-85 0-30 183 
Z, top (pair),in.6 .. x 6-65 | 3-29 102 
Z, bottom (pair), in.3 6-46 | 3-29 | 96-4 
Weight (pair), Ib. 54-58 32-25 | 69-2 
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TABLE II. 98-lb. Flat-Bottom Rail and Fishplate. 








| 98-1. | 85-Ib. | Increase, 
F.B. Rail. | B.H. Rail. per cent. 
| 





Rai. | 





Area of cross-section, sq. in. 9-61 8-32 | 15-6 
Weight, lb. per yard : 97-9 84-71 | 15°6 
Ign Of railing =... = -| 40-8 | 20-1 | 40-2 
lyy Of rail, in.4 ies - 8-78 | 3-43 156 

Ztop,in' .. : 13-77 | 11-57 | 19 

Z, bottom, in.3 15-30 | 9-85 | 55-8 

Fishplate. | | 

Length,in. .. ~~ - 20 18 11-1 
Area of cross-section, sq. in. | 4-13 3-35 23-3 
Ige (pair of fishplates), in.4 | 8-76 5-76 52-2 
lyy (each fishplate), in.4 0-57 0-30 90 

Z, top (pair), in.3 ° 4-72 3-29 43-5 
Z, bottom (pair), in.5 4-73 3-29 43-8 
Weight (pair), Ib. 44-29 $2-25 37-3 





60 m p.h., over which 12 or more express passenger 
trains operate regularly every 24 hours in winter 
time-tables, class A; lines subject to s of 60 
m.p.h. and over, but not classified A, class Bl; lines 
carrying intensive traffic, even though the speed is 
less than 60 m.p.h., class B2 ; lines subject to maximum 
speeds of 45 to 60 m.p.h., class C; lines subject to 
speeds of less than 45 m p.h., class D. Lines classified 
as A, B1 or B2 will be laid with 109-Ib. flat-bottom rails ; 
98-lb. flat-bottom rails will be used to supplement the 
supply of serviceable partly-used rails used in class C 
lines; and various types of partly-used rails will be 
relaid on class D lines. Of the two types of flat-bottom 
rails to be manufactured, the larger demand will be 
for the 109-lb. rail, which will eventually be laid over 
some 22,000 miles of track. It will be many years, 
of course, before the majority of lines in the country 
are laid with flat-bottom rails, owing to the long life 
of rails (often 30 years or more), and the fact that for 
some years it will be necessary to continue using bull- 
head rails in situations where the rails only, not the 
whole of the track, is to be renewed, and at certain 
points and crossings. The Railmakers’ Association 
have agreed to roll the new sections, and although 
there is at present no relevant British Standard Speci- 
fication, it is expected that one will be introduced in 
due course. 

When the railways were nationalised on January 1, 
1948, there were 260 miles of track already laid with 
various types of flat-bottom rails. About 300 miles 
were laid in 1948, and in 1949 it is expected that 
463 miles will be relaid with flat-bottom rails out of a 
total of 1,484 miles of track to be relaid. The pro- 
portion of flat-bottom rails to bull-head rails will increase 
year by year. Quite apart from the adoption of flat- 
bottom rails, there are still considerable arrears of 
maintenance due to the war to be overtaken. Mr. Train 
stated that there are at present 246 speed “ slacks,” or 
restrictions, at various places on the permanent way of 
British Railways. 
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SINGLE-PASS SOIL-STABILISING 
MACHINE. 


Tue photograph reproduced on this page shows an 
American-built soil-stabilising machine which was the 
subject of two films shown recently in London by 
Messrs. Benson and Partners, Limited, Grosvenor 
Gardens House, London, S.W.1, who are the agents 
for the machine in this country. In presenting the 
films, Mr. I. W. Benson, a director, gave a brief review 
of the theory and practice of soil stabilisation. He said 
that there were f ur principal methods. In mechanical or 
granular stabilisation the addition of granular materials 
to clay provided a road surface which would be usable 
under most weather conditions ; clay or a fine-grained 
plastic soil could be added to an unstable sand with the 
same result. Secondly, Portland cement could be 
used as a stabilising agent. Thirdly, various types 
of bituminous materials could be combined with soils 
or aggregates to form a waterproof coating and to 
act as a binder. Fourthly, by chemical means, such 
as the addition of calcium chloride or sodium chloride, 
evaporation is restricted and a suitable surface is 
obtained. The procedure for preparing the roadway 
and processing for stabilisation is generally similar 
for the four methods, and is facilitated by the use of the 
“P&H” single-pass soil stabiliser, which is made 
by the Harnischfeger Corporation, 400W, National- 
avenue, Milwaukee 14, Wis., U.S.A. 

The machine digs the surface, pulverises it, mixes 
it with applied materials, applies and mixes liquids, 
and lays the resultant mixture evenly and ready for 
compaction, the whole process being carried out in 
one pass. It is self-contained and self-propelled ; the 
rate of forward movement can be varied between 
6-2 ft. per minute and 32-9 ft. per minute, by means 
of five gear ratios, the rate depending on local condi- 
tions. A case is quoted in which more than a mile 
of 24-ft. wide road, to a compacted depth of 8 in., 
was completed in a day. The width of road processed 
in a single pass is 10 ft. 2 in., and the maximum working 
depth in compacted material is 8 in. The machine 
consists of a track-laying tractor, with liquid pumping 
and metering apparatus, and a processing unit, 2 ft. 7 in. 
in overall width, mounted on the tractor and driven 
from the main engine. There are four transverse 
axles in the processing unit; from the front to the 
rear they carry: a cutting rotor which rotates in a 
forward direction (i.e., in the direction of travel), 
breaking up the ground and throwing the material 
backwards against a “‘ blending ” rotor on the second 
axle rotating in the opposite direction, which has a 
series of staggered blades to m'x the materials and 
sweep the sub-soil. As the materials are thrown 
backwards they pass through a spray of liquid into 
a twin pug mill mounted on the two rear axles—the 
two axles rotating in opposite directions so that the 
blades mesh (but do not touch), ensuring a final 
thorough m‘x of the materials. A tail gate across 
the rear of the unit, which can be adjusted for height 
by means of a handwheel, ensures that the material 
is finally laid to a uniform depth, after which it is 
compacted by other machines. Power for travelling 
and for driving the stabilising unit is provided by a 
General Motors 12-cylinder Diesel engine with a con- 
tinuous net rating of 260 h.p. The ground pressure 
of the tracks is 11-7 lb. per square inch. The axles 
of the processing unit are driven through multiple 
roller chains and spur gears totally enclosed and running 
in oil. The cutting rotor has 88 removable teeth ; the 
blending rotor has 80 blades, and each pug-mill rotor 
has 24 paddles. 

The stabiliser is cogtrolled by one man, who is 
seated on the left-hand side of the machine, all controls 
being within easy reach. The liquid is supplied 
from a tank lorry which is pushed in front by the 
stabiliser tractor, the two being connected by a rigid 
bar. The stabiliser incorporates two separate liquid 
systems. Water is delivered by a centrifugal pump, 
with a capacity of 200 gallons per minute, through a 
control valve and a water meter to a cross tube with 
a number of spraying nozzles directed downwards 
into the processing unit. Bituminous liquids are 
delivered by a positive-displacement pump with a 
capacity of 110 gallons per minute through a similar 
system. Both are provided with pressure gauges and 
thermometers. The nozzle heads incorporate valves 
which can be opened collectively by a hydraulic 
system, or individual valves can be operated. Reserve 
liquid tanks are provided under the front end of the 
stabili er, enabling an empty tank lorry to be replaced 
by a full one while the stabilising process continues. 
The capacities are 350 gallons of water and 250 gallons 
of bitumen. The stabilising unit is pivoted on the 
end of one arm of a V-frame on each side of the machine, 
each frame being itself pivoted on the tractor at the 
junction of the V. There are two separate sets of 
hydraulic lifting cylinders: one set pivots the chamber 
about the V-frames, and the other pivots the chamber 
and frames about the tractor. By a combination of 
the two movements the chamber is adjusted to the 
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correct height and level to suit the ground, and by 


for loading the machine on to a trailer. To start the 
process the chamber is gradually lowered while the 
cutting rotor digs into the ground, and when it has 
reached the correct level it is locked in position. 

There is probably more use for the “P. & H.” 
stabiliser in colonial territories, for the construction of 
roads and light-traffic airports, than in this country, 
although we understand that more use will be made 
of it here than was originally envisaged. The machine 
can also be used for preparing a foundation for better 
road surfaces. Its total weight is 55,000 lb. Another 
similar machine, with a processing unit 10 ft. 7 in. 
wide, is also available. 





LAND RECLAMATION WITH FUEL 
A 


THE increasing use of pulverised fuel in modern 
electric generating stations has augmented the problem 
of ash disposal, so that it is now assuming considerable 
proportions. One solution would be to discover an 
economic commercial or industrial use for this material, 
but so far it has only been found possible to dispose 
of a comparatively small proportion of the 750,000 tons 
produced annually at the power stations of the British 
Electricity Authority. In several cases, however, the 
ash has proved suitable for employment as a filling 
material for raising the level of low-lying land. Experi- 
ments, in fact, have shown that such land can be 
restored to agricultural use if the ash is allowed a 
reasonable period for settlement, is covered with soil 
of sufficient thickness, and is suitably fertilised. 

An interesting scheme of this nature has recently 
been carried out in collaboration with the local officials 
of the Ministry of Agriculture on land adjoining the 
Hams Hall generating station, near Birmingham. 
Here, some four and a half acres have been successfully 
reclaimed and used for cattle grazing. To achieve this 

purpose, ash was deposited on the site to the average 
depth of 8 ft., over which a 2-in. layer of soil was 
spread and treated with ten tons of ground carbonate 
of lime, a ton of superphosphate (18 per cent. soluble 
phosphoric acid), 5 ewt. of sulphate of ammonia (20 per 
cent. nitrogen), and 5 cwt. of muriate of potash (60 per 
cent. potash). During May, 1948, the farmer sowed 
60 Ib. of cocksfoot 8.143; 30 Ib. of red fescue waged 
15 Ib. of white clover 8.100; and 20 Ib. of Italian 
grass. By the end of September, the land was in use for 
grazing and no ill effects on the cattle have been 
observed. The approximate cost per acre was 80l., of 
which 141. was for fertilisation, seeding and cultivation, 
451. for soil spreading and transport, and 211. for 
fencing and incidental work. 





THERMIC DRILLING OF CONCRETE AND STONE: 
ADDENDUM.—Some particulars of thermic-drilling experi- 
ments which are reported in New Zealand Engineering, 
vol. 3, page 896 (1948), are of interest in connection with 
the article on this subject which appeared on page 89, 
ante. It is stated that a suitable flux is required 
in the case of some rocks; the flux reacts with the rock 
being drilled, rendering the slag more fluid. A basic 
flux is required for an acid rock, and vice versa. The flux 





is either packed in the lance or fed into the oxygen line. 


| 
means of the second set of cylinders, the chamber is | 
raised well clear of the ground for mancuvring and 





STANDARDISED SUPER HIGH- 
FREQUENCY COMPONENTS AND 
INSTRUMENTS. 


A NuMBER of standard components and instruments 
for super high frequency purposes have been produced 
by the Plessey Company, Limited, Ilford, Essex. A 
special feature of these is the employment of a mating 
system which ensures that there shall be no confusion 
in making the connections. Thus female types of 
connection are used for power output and male types 
for power input circuits. The female connections are 
provided with locking rings and with a coarse dia- 
mond-knurl ring coloured black to distinguish them 
from the finer knurls on the equipment itself. The 
connections have been designed for use on 70 to 80-ohm 
coaxial lines and give very low reflection losses up to 
the highest frequencies. Facilities are provided for 
any type of coaxial wave guide transformation and 
matching between the components is carefully con- 
trolled. The components on which this system is 
at present used on a commercial scale include coaxial 
line wavemeters, attenuators, coaxial bolometers, co- 
axial matching stubs, crystal units, adjustable coaxial 
loop probes and tuning plungers. 

The coaxial wavemeter is suitable for use with a 
wider frequency range than can be covered by cavity 
resonators and has an accuracy within nearly 0-2 per 
cent., the limit being governed by resetting accuracy, 
uncompensated temperature expansion effects and vari- 
ations in the permitivity of the air. Two types are avail- 
able: centrimetric and decimetric. The former, which 
has a plunger travel of 22 cm., covers the measurement 
of free space wavelengths up to 20 cm. with a minimum 
of three resonances. The decimetric type, which is of 
similar design, has a plunger travel of 44 cm. and will 
cover wavelengths up to40cm. The detecting element, 
the coupling of which to the line can be adjusted, is a 
standard silicon crystal with an external meter. It is 
fed from the crystal housing through a female con- 
nector. The range is determined by the field strength, 
being 50 microamperes for a weak field or 1 milli- 
ampere for stronger fields. A combined coarse and 
vernier control is fitted, which incorporates a travel 
lock so that the final adjustment of the plunger can be 
made with vernier control. 

Two types of line attenuator have been developed, a 
single way and a multi way. The single-way pattern 
can be used in a coaxial line to provide a high degree 
of attenuation to a radio-frequency carrier, while 
® | retaining the modulation signal with negligible attenua- 
tion. It may be used in conjunction with wave meters 
and similar apparatus where the impedance on the 
direct-current side requires “‘ padding.”” The multi- 
wave attenuator is suitable for power supply filtering 
in super high-frequency signal generators. Caslite 
iron dust in the form of a core is used as attenuating 
material, while the insulation resistance between the 
inner and outer conductors exceeds 50 megohms at a 
direct-current voltage of 500. 





Gas ACT VESTING DATE.—In reply to a question by 
Mr. A. M. F. Palmer in the House of Commons on Thurs- 
day, January 27, the Minister of Fuel and Power (the 
Rt. Hon. H. T. N. Gaitskell) said that the vesting date 
under the Gas Act, 1948, would be Sunday, May 1, 1949, 
and that an Order would be made to that effect. 
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Fie. 2. 


EASTERN REGION 


RECONSTRUCTION OF TWO 
RAILWAY BRIDGES. 


Two bridge reconstructions of a similar nature have 
recently been undertaken for London Transport and 
the Eastern Region of British Railways. In both 
cases a new bridge was rolled into position with the 
minimum interruption to traffic. The new double- 
track bridge which carries the Metropolitan Line over 
St. Mark’s-road, at the west end of Ladbroke-grove 
Station in North Kensington, is shown in Fig. 1, prior 
to being rolled into position on Sunday, January 9. 
It replaces the original structure, of wrought iron with 
a timber deck, which was built 80 years ago. The old 
bridge was removed, the new bridge rolled into posi- 
tion, and the tracks were reconnected in the course of 
a single day’s occupation of the line. The new bridge, 
complete with ballast, sleepers and chairs, was erected 
on temporary steel staging north of the existing span. 
The three main steel girders are 46 ft. long, and the 
deck is composed of rolled-steel joists encased in con- 
crete and covered by asphalt and tiles, the water- 
proofing being carried up to rail level against the main- 
girder webs. The total weight of the bridge, as rolled 
in, was about 165 tons, and the overall width is 
28 ft. 9 in. 

The space available for constructing the new bridge 
on temporary staging was restricted by the low-roofed 
house shown in the background of Fig. 1. It was 
therefore necessary to carry out the rolling operation 
in two stages: first a main lateral movement of 
32 ft., and then a longitudinal movement of 4 ft. 6 in. 











Bripee During ROLine. 


In Fig. 1, which is a view looking west, the railway 
tracks over the old bridge can be seen on the extreme 
left. Another building, farther to the left, but not 
shown in the illustration, presented difficulties in 
the removal of the old bridge. The main girder and 
cross-members forming the northern half of the bridge 
were cut away. A short length of the west end of 
the main girder on the south side was then cut away, 
and the remaining half of the bridge was rolled 
laterally, on to temporary steel staging, in a position 
clear of the final alignment of the new bridge. 

When the northern half of the old span had been 
cut away, the movement of the new bridge commenced, 
and when it reached the old part both travelled 
together, the electric cables on the old centre girder 
being moved over to their new positions. Two winches, 
each operated by four men, were used. The old tracks 
had been laid on longitudinal timbers, a practice no 
longer favoured owing to maintenance difficulties. 
The new tracks are fully ballasted, and, as a result, 
are 7 in. higher; the permanent way at each end of 
the bridge was raised accordingly. St. Mark’s-road 
was closed to traffic while the work was in progress, 
and as the rolling operation was completed an hour 
before schedule, it was possible to resume the normal 
train service late in the evening. The main contractors 
for the work were Messrs. Joseph Westwood and 
Company, Limited, Napier Yard, Millwall, London, 
E.14, and the sub-contractors for the erection of the 
bridge were Messrs. Askham and Palin, Whittingstall- 
road, Fulham, London, 8.W.6. 

The new Eastern Region bridge, shown in Fig. 2, 








rolled half-way towards its final position, replaced the 
old bridge carrying the main line from Liverpool-street 
Station, which is said to have been demolished on the 
night of June 12-13, 1944, by the first German flying 
bomb to reach the London area. At that time, 
L.N.E.R. engineers erected a temporary structure and 
traffic was resumed within 36 hours. The new bridge 
was erected in two sections, the northern part carrying 
the local up and down tracks being rolled in at night, 
as shown in Fig. 2, early on Sunday, October 17, 1948. 
The southern part carrying the up main line was rolled 
in, and the decking laid to support the down main line, 
during the following week-end. The time required for 
the work, and for removing the temporary structure, 
was 21 hours for the first stage and 20 hours for the 
second stage. The main contractors were Messrs. W. 
and C. French, Limited, 50, Epping New-road, Buck- 
hurst Hill, Essex ; Messrs. Joseph Westwood and Com- 
pany, Limited, fabricated the bridge, and Messrs. 
Askham and Palin carried out the erecting and rolling 
into position. 








THE LAYOUT OF ELECTRICAL 
SUBSTATIONS. 


DetTaits and recommendations relating to the 
layout of 11-kV, 33-kV, and 66-kV substations were 
given in a paper on “ Substations, with Particular 
Reference to Yorkshire Practice,” which was read by 
Mr. L. H. Fuller and Mr. C. R. Clarke before the Supply 
Section of the Institution of Electrical Engineers, on 
Wednesday, January 19. A typical outdoor station 
for connection to 66-kV overhead transmission lines was 
usually arranged for two 66-kV feeders, and included 
two transformers, which were located symmetrically 
about a central 11-kV switch chamber. Sufficient 
land was acquired and arrangements were made 
for additional feeders and transformers; the latter 
were of 7:-5-MVA capacity whenever possible. As it 
was seldom considered economical to install section 
circuit breakers with open-type outdoor gear, two sec- 
tion isolators were provided to allow for adequate 
maintenance ; conductor spacings and clearances were 
generally greater than those laid down in the relevant 
British Standards Specification. Isolator and *bus-bar 
insulators were of the three-tier type and were sup- 
ported on reinforced-concrete posts, though lattice-steel 
supports had been reverted to in those cases where con- 
ductor whipping had caused isolator trouble. Circuit 
breakers, usually of 750-MVA capacity, were oil- 
immersed, and generally of the separate-tank type with 
spring-operated closing gear compressed by electric 
motor, and fitted with manual control. Spring mech- 
anisms were preferred to the large batteries needed 
with solenoid closing gear. The circuit-breaker 
bushings were of the oil-sealed condenser type, and 
could be changed or moved without disturbing the 
multi-ratio transformers located on the plain portion 
of the bushings underneath their top plates. The 
breakers were controlled locally, as well as from 
the control room adjacent to the 11-kV switch 
chamber. 

The design of 33-kV indoor substations needed no 
special comment, since it followed conventional lines. 
In a typical layout, there were separate chambers for 
the 33-kV switchgear and for two banks of 11-kV 
switchgear; provision was also made for dividing 
the 33-kV switchgear into two chambers when dupli- 
cating transformer capacity. Both the 33-kV and 
11-kV switchgear was of the horizontal draw-out type, 
though that for 33 kV was solenoid operated, and that 
for 11 kV was spring controlled ; switchboards of the 
compound-filled, single "bus bar type were installed. 
The 11-kV switchgear in the 11-kV main control 
stations was also spring operated. The layout of 
these substations depended largely on local conditions, 
and a typical design included controls for eight 11-kV 
feeders, and for local supplies to 2-kV and 400-volt 
networks. In a mcdern layout, however, the 11-kV 
switchgear was completely separated from the 2-kV 
and 400-volt switch rooms. 

Most of the 11-kV substations installed by the 
prospective consumers of large supplies of electrical 
energy were designed for cubicle or cellular gear with 
separate chambers for the transformers. Some needed 
only a single transformer up to 200-kVA rating, and 
only a small building was then required ; in this, the 
side of a transformer chamber wall formed the side 
of a brick cell which was equipped with a triple-pole 
isolating switch, separate cable box, and liquid fuses. 
A solid plate screen, with an inspection opening covered 
by wire-armoured glass, was placed in front of the brick 
cell. Other layouts provided for single transformers 
up to 800 kVA, and, when continuity of supply was of 
special importance, for duplicate transformers up to 
1,000 kVA. In the last-mentioned case, continuity 


of supply was sometimes helped by equipping the 
feeders with automatic protection, and the transformers 
with some form of earth-leakage or balanced protection, 
According to the authors, however, the important, 
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features should include adequate air bricks in the 
switch chamber, separate ventilation for the transformer 
chamber, which should be fitted with steel doors 
whenever possible, and the exclusion of storm 
water. 

The 11-kV cubicle-pattern switchgear was considered 
to be the most suitable for consumers’ substations, the 
cubicles being built from angle iron and sheet steel 
and fitted with wire-armoured glass inspection windows 
in front of each isolator. The clearances, adopted as 
the result of many years experience, were higher than 
those recommended by British Standards Specifications, 
but were justified by results obtained. Circuit breakers 
were standardised at 400 amperes rating with 150 MVA 
capacity, though in some cases units of greater breaking 
capacity were installed; they were usually hand 
operated, but arranged so that spring mechanisms 
could be fitted. 

The 11-kV pole-equipment transformers, which 
ranged in capacity from 10 kVA to 100 kVA, were 
mounted on single wooden poles. In some cases the 
100-kKVA units (which weighed about 22} cwt. each) 
had been replaced by 200-kVA transformers, which 
were installed on new H-poles specially erected behind 
the single-pole terminations. Transformers greater 
than 200 kVA were not pole mounted. The 11-kV 
fuses were of the ground-operated withdrawable 
type and the 400-volt switch and metering equip- 
ment was housed in weatherproofed wooden cabinets 
which were bolted to the poles clear of the ground ; 
provision was made for switch fuses and for two 
three-phase feeders. Connections down the pole con- 
sisted of braided rubber-insulated cables carried on 
porcelain cleats through porcelain insulators into the 
cabinet at a height of 8 ft. 6 in. from the ground. 
There was a clearance of 20 ft. between the transformer 
terminals and the ground. Many of the circuit breakers 
in use on 11-kV systems incorporated automatic 
re-closing, with adjustable time intervals. 

All transformers were oil immersed and naturally 
cooled, and the maximum flux densities were 12,500 
gauss. They were fitted with skids, instead of wheels, 
and provided with adequate jacking facilities. For 
interconnecting with the 66-kV and 33-kV systems, the 
transformers were standardised at 2-5, 5, 7-5 and 
15 MVA capacities, with 11-kV secondaries, and at 7-5, 
15 and 20 MVA with 33-kV secondaries. Apart from 
some early designs all 66-kV units of 2-5 A and 
above were equipped with on-load tap-changing gear. 
This was also fitted (or provision made for it) on the 
33-kV units ; these were standardised at 1, 2-5, 5 and 
7-5 MVA. Most of the transformers were star-star con- 
nected with a tertiary winding of 33} per cent. capacity. 
All 66-kV and 33-kV bushings were of the oil-sealed con- 
denser types and arranged for flexible bare-copper con- 
nections ; similar bushings were used with the large 
11-kV transformers, though units of small capacity were 
fitted with cable boxes. Transformers up to 2-5 MVA 
were cooled by means of fixed tubes, and those between 
5 MVA and 7-5 MVA by detachable radiators, which 
were supported from the main tank and provided with 
top and bottom valves. Separate radiator banks, 
independent of the main tank, were used for units 
above 7-5 MVA. Both indoor and outdoor 11-kV 
transformers had special cable terminations designed 
for quick changing, and had hand-operated off-load 
tap-changing gear giving an overall range of 10 per 
cent. in steps of 24 per cent. The method of protecting 
the transformers depended upon their rating and 
voltage ; for example, units up to 1 MVA for 66-kV 
or 33-kV circuits were protected by liquid fuses, but 
between 1 MVA and 7-5 MVA, by inverse time-limit 
overload relays with Howard earth-leakage protection. 
On the 11-kV sides of the main 66/11-kV and 33/11-kV 
substations, also, successful discrimination had been 
obtained by the above-mentioned forms of overload 
relay. Surge diverters of the silicon-carbide type were 
installed on the 66-kV and 33-kV systems, and had, 
apparently, given satisfactory results. 

In planning future substation layouts, the authors 
stressed, among other recommendations, that adequate 
room should be made for expansion, even beyond the 
demands surmised by the consumers. For this reason, 
as wel! as to minimise danger in the event of failure, 
switchgear should be both segregated and sectionalised, 
and the general layout should allow for the easy 
replacements without undue interruption of the supply. 
Ventilation was of special importance in both trans- 
formers and switch-chambers, and air-bricks should be 
used to reduce condensation. In practice, the provision 
of a ventilator area of 1} sq. ft. for each 100 kVA 
of transformer capacity had been found to be a satis- 
factory working rule. Chambers which housed im- 
portant relays or meters should be both ventilated and 
heated, and metalclad switchgear should be provided 
with heaters to prevent moisture from condensing in 
the spouts, a phenomenon which had sometimes caused 
flashover. Thermometer pockets should be provided 
on all power transformers, and on outdoor oil-filled 
current and voltage transformers for 66 kV and 
33 kV. 
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LABOUR NOTES. 


REsTRICTIVE practices in industry were considered 
at some length at the meeting of the National Joint 
Advisory Council, which was held in London on 
January 26, under the presidency of Mr. George Isaacs, 
the Minister of Labour and National Service. Repre- 
sentatives from the nationalised industries were present 
at the meeting for the first time. The Council advises 
the Government on the wider aspects of labour pro- 
blems and comprises representatives of the British 
Employers’ Confederation and of the Trades Union 
Congress. It was felt that, although a satisfactory 
solution for many restrictive practices can be found 
only by the exercise of patience and goodwill on both 
sides in the particular industry or factory concerned, 
the problem is such that a general investigation is 
desirable. The Council accordingly decided to appoint 
a committee, consisting of representatives of the 
British Employers’ Confederation, the Trades Union 
Congress, and the nationalised industries, to hold a 
joint inquiry into the subject. The committee’s report 
will be presented to the Council as soon as possible. 





The Council recommended some time ago that those 
trade-union restrictive practices which were suspended 
for the duration of the war should not be re-introduced 
during the present year. Practices abandoned by the 
unions while the war lasted include the banning of 
female labour, especially in the engineering industry, 
and the dilution of skilled labour by the introduction 
of women employees and lower-paid male labour. 
Many trade-union customs of a restrictive character, 
however, continued throughout the war years, and 
stilldo. They cover a wide range and are very numer- 
ous throughout the various industries. The position 
is frankly recognised by responsible leaders of the 
unions concerned and is frequently referred to by them 
in their union reports and journals, but they contend 
that restrictive practices are not confined to the labour 
side and quote the employers’ objections to standardis- 
ation, restrictions on supplies and restraints on new 
competitors. It may be recalled that the Trades Union 
Co General Council, in their report on production 
to the recent conference of union executive officials, 
drew attention to the restraint which these practices 
impose on the Government’s drive for full production. 





Preliminary arrangements have now been made by 
the lo-American Council on Productivity for teams 
of employees from British industry to visit the United 
States to study American methods of production. The 
Council was formed in September last with Government 
approval, and comprises two committees of industrial 
representatives, one American and one British. Both 
committees include members from the two sides of 
industry : the British committee consisting of members 
of the Federation of British Industries and of the 
Trades Union Congress. The first session of the full 
council was held in Britain and an extensive programme 
for future co-operation between the two countries on 
Sw questions was formulated in November, 
ollowing a series of discussions and visits to factories 
in Britain, by members of the Council. Five sub- 
committees were set up by the Council at that time, 
one to organise visits from British industry to the 
United States and the others to study various aspects 
of production in the two countries. 





About 50 teams of British workpeople are expected 
to visit the United States, under the Council’s scheme, 
during the present year and there is a reasonable 
prospect of a larger number being sent in 1950. The 
will be made as representative as possible and will 
include men and women from all levels of industry. 
As at present proposed, each team will comprise four 
members from supervisory grades, four technicians, 
four representatives of the rank and file of industry, 
and others, up to a maximum of 15 in all. Works 
managers, foremen and shop stewards will be eligible, 
and secretaries will be allotted to all teams. The 
complete programme for each will take over three 
months. The first two weeks will be occupied in visiting 
works in Britain to lay the foundations for the tour, 
two weeks will be taken up in travel and six will be 
spent in the United States, examining representative 
factories and studying production methods. On the 
return of the teams to Britain, members will spend a 
further four weeks at British factories discussing their 
findings. It is presumed that, generally, teams will be 
selected from one particular industry and confine their 
activities, in the main, to that industry. 





Business houses whose employees are selected will 
be expected to pay them normal earnings during the 
period that they are away. The British side of the 
Council will receive a Government grant of about one- 





half of the sterling cost of the visits and the balance 
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will be found by the employers’ associations. The 
dollar expenditure involved will be met by the Economic 
Co-operation Administration. The first team will leave 
immediately final arrangements have been completed. 





Discussions have been taking place during the past 
few weeks between representatives of the Trades 
Union Congress, the Confederation of Shipbuilding and 
Engineering Unions, and general secretaries of the 
engineering unions affiliated to the Confederation, to 
ascertain what additional measures of a practical 
character could be evolved by the unions and their 
executives to stimulate productivity in industry. A 
report on the results of these discussions was laid 
before the meeting of the T.U.C. General Council on 
January 26. ey put forward in the report 
include the development of information services, the 
setting up of additional joint production committees, 
training schemes for shop stewards, and the elimination 
of impediments to increased production. These matters 
will be further considered at other meetings between 
representatives of the two bodies. 





The earnings of British shipping in 1948 greatl, 
exceeded Government expectations. Mr. George 
Barnes, Minister of Transport, stated, during a visit of 
inspection to the Queen of Bermuda, at the invitation 
of the vessel’s owners, Messrs. Furness, Withy and 
Company, Limited, that the excess of receipts over 
outgoings in respect of British shipping for the year 
would amount to between 60 and 70 million pounds, 
against an anticipated difference of only 40 million 
pounds. This was a very acceptable credit balance for 
the nation. If only every industry had such a story 
to tell, Mr. Barnes declared, Britain would have 
regained her former economic independence and have 
recovered her pre-war industrial and financial strength 
In 1947, the excess of receipts over outgoings for 
shipping was but 17 million pounds and, as recently as 
last March, the Government called’ attention, in the 
1948 Economic Survey, to the industry’s low earnings, 
and attributed this to its war-time losses. Mr. Barnes 
visited the ship on the eve of her departure for America, 
after her complete and successful re-conditioning by her 
builders, Messrs. Vickers-Armstrongs Limited. 





“ Strong disapproval of the regrettable unofficial 
stoppages in the liners Queen Mary and Queen Eliza- 
beth ” was expressed in a report issued on Friday last 
by the executive council and finance and general pur- 
poses committee of the National Union of Seamen. 
The statement continues that, in future, “the sub- 
versive elements responsible for these incidents ” 
would be dealt with constitutionally by the union's 
executive council. The announcement was intended 
as a warning to irresponsible characters who have been 
instrumental in organising incidents and causing the 
men to break their contracts. 





A number of interesting decisions were made at a 
special meeting of the general executive council of the 
Confederation of Shipbuilding and Engineering Unions 
held on December 23. According to a recently-issued 
statement, various amendments to the rules were 
adopted, whereby the size of the group council of the 
Confederation was increased from 21 members to 30. 
Representation on district committees was also in- 
creased and provision was made to permit unions 
with more than 4,000 members in a district to elect 
up to a maximum of eight delegates to the local district 
committee. This year’s annual conference of the 
Confederation will take place in May, but future annual 
conferences will be held in August. 





Engineering unions affiliated to the Confederation of 
Shipbuilding and Engineering Unions are seeking to 
arrange a conference with the respective employers’ 
associations for further discussions on a number of 
labour problems. According to the January Record of 
the Transport and General Workers’ Union, these 
include the formation of more joint production com- 
mittees, the guaranteed week agreement, wages for 
apprentices, boys and youths, and the a amare of 
wages in respect of meal times. The Confederation is 
stated to be giving its attention also to the wages 
structure of the industry, premium days, and the 
agreement for the avoidance of disputes. 





The chairman of the Scottish Division of the Na- 
tional Coal Board, Lord Balfour, speaking in Edinburgh 
on January 27, said that, if a particular 19 Scottish 
pits which were in operation in 1947 had been elimin- 
ated, he had estimated that the profits of the Scottish 
Division for that year would have been increased by 
35 per cent. The Board expected to close ten un- 
economic collieries in the Central-East and Central- 
West areas of Scotland during the next six months, 
and a further 19 pits by the end of next year. 
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THE GRAIN-SIZE OF POWDERS 
USED FOR HARD-METAL.* 


By H. Burpen, B.Sc., and A. Barxsr, B.Sc. 


TunasTeN carbide-cobalt hard-metals need to have 
primarily a high hardness for the uses to which they 
are put. The hardness is governed by two main 
factors: the amount of cobalt present and the grain- 
size of the tungsten-carbide phase in the finished metal. 
™ os of the tungsten-carbide phase is influ- 
enced by the particle size of the original tungsten 
powder and grain growth during processing. The 
main stages in the manufacture of tungsten carbide- 
cobalt hard-metal are: (1) mixing the tungsten with 
carbon in a ball mill; (2) carburising the mixture of 
tungsten and carbon; (3) ball milling the tungsten 
carbile; (4) ball milling the tungsten carbide 
with cobalt; (5) adding wax for lubrication during 
pressing; (6) pressing the powder ; (7) pre-sintering ; 
(8) shaping ; and (9) sintering. All these stages, with 
the exception of (5), (6), (7) and (8), can affect 
the grain-size of the finished metal. Althou 
ball milling rapidly breaks down tes, the 
crushing of single grains appears to tae pen much 
more slowly. Thus any significant reduction of grain- 
size involves protracted ball-milling times of, say, 
60 to 100 days. For a number of reasons, ball-milling 
times are limited to 1 to 4 days in commercial produc- 
tion, so that the reduction in particle size * this 
means is negligible. Grain refinement cannot occur 
during carburising and sintering. Generally, condi- 
tions during these stages are such that a net increase 
in particle size occurs over the whole . 

us, if a fine grain-size is required in the final 
product, the raw materials must have a small particle 
size and each stage of manufacture must be checked to 
limit the amount of grain growth that occurs. It is 
clear that an accurate and rapid assessment of particle 
size is of considerable value in controlling the quality 
of hard-metal on a production scale. From this point 
of view, the writers have investigated several methods 
of particle-size measurement. Using some of these 
methods, they have studied variations in particle size 
which occur during the production of a typical hard- 
metal and the effect of the initial icle size of the 
tungsten on the properties of the finished material. 
© methods which have been used for particle-size 
determination are as follows: (1) the imentation 
balance ; (2) the Richardson turbidimeter ; (3) a gross 
method employing the Spekker absorptiometer; (4) 
microscopic counts by optical a ; (5) examina- 
tion by electron microscope. The determination of 
andy oy» distribution by the sedimentation balance 
as been described in detail by a number of research 
workers. The method consists of weighing the powder 
which “‘ sediments ” to a fixed level at various times 
after an ifitial dispersion in a suitable liquid. The 
pw best suited for this is a ‘‘ Chainomatic ” type 
of balance, one pan of which is suspended in a beaker 
containing the “ ee liquid. From the 
rate of sedimentation the particle size may be calculated. 

In our experiments the suspension was prepared by 
initially grinding the dry powder in an agate mortar, 
with a rubber-covered rod to break up loose aggregates. 
The powder was then dispersed in a suitable liquid by 
stirring in the beaker, using the balance pan as stirrer, 
or, alternatively, the suspension was produced by 
shaking in separate equipment and then transferring 
to the beaker in the balance case. The concentration 
used in most experiments was 0-1 gramme per 100 ml. 


When the powder is fully dispersed the balance is| P° 


counterpoised to give the zero reading. This must be 
done for each experiment as the buoyancy of the 
liquid may vary with different powders in suspension. 
Counterpoising must be done as quickly as possible, 
otherwise a faulty zero is obtained owing to heavier 
particles reaching the pan and being counted as part 
of the pan weight. Readings are then taken of increase 
in weight with time. These readings are plotted and 
usually give a smooth curve, from which the size distri- 
bution of the powder can be obtained by graphical 


means. 

Stokes’s law is used in calculating the size distri- 
bution from the weight increment-time graph. This 
only holds for spherical particles moving through a 
liquid under conditions of viscous flow. Thus the 
Reynolds number for the system must be low. Arnoldt 
has shown that this must be less than 1-2 for viscous- 
flow conditions to occur. From this can be calculated 
the critical upper limit of particle size, above which 
Stokes’s law becomes increasingly inaccurate. This is 
50, for tungsten in water. All the powders considered 





* Communication from the Brown-Firth Research 
Laboratories, Sheffield, entitled, ‘‘ The Measurement of 
Grain-Size of Tungsten and Tungsten-Carbide Powders 
used for the Manufacture of Hard Metal,” to be presented 
before the Institute of Metals on Friday, April 1, 1949. 
Abridged. 

t See Phil. Mag., vol. 22, page 755 (1911). 
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in this paper are believed to contain no particles 
greater than this. The effect of Brownian movement is 
not taken into account in calculating the size distri- 
bution. However, no permanent colloidal suspensions 
occurred with any of the powders investigated. Taking 
into account the high density of the powders, the effect 
of Brownian motion will be small compared with the 
errors due to aggregation during sedimentation unless 
Brownian movement is a major factor in aggregation. 
No correction for le shape was made as none of 
the — examined microscopically had any marked 


asymmetry. 

A difficulty of the method is the uncertainty of the 
initial weighing. This can, however, be repeated until 
a sati start to the experiment is made. The 
effect of tion or breakdown of aggregates by 

ol h ing should be reduced to a minimum. 

ucible readings can be obtained, but consider- 
able practice is-required and two separate observers 
do not check each other well. The method is not 
sensitive enough to split up the —1,y fraction, owing 
mainly to the small weight concentration for a reason- 
able particle concentration and the effects of con- 
vection. 


Several types of turbidimeter are described in 
the literature. An apparatus developed at Imperial 
Chemical Industries, Limited, from an original desi 
by Dr. E. G. Richardson, of King’s College, Newcastle, 
has been used in this work. The apparatus is shown 
diagrammatically in Fig. 1, and may be described as 
follows. Light from source a through a variable 
slit b, is collimated by a spherical lens c, passes through 
a water cell d to reduce heat radiation, and then comes 
to a flat focus by way of a cylindrical lens e. At this 
focal point is placed a glass sedimentation tank /, 
which contains the powder ded in a liquid. The 
intensity of the light passing through the cell is mea- 
sured by a — photo-electric cell g and galvano- 
meter +. e entire optical system is placed on a 

















platform which can be raised or lowered relative to the 
sedimentation cell, which is fixed. 

The galvanometer readings are proportional to the 
intensity of the light I, which passes through the 
suspension of powder in the cell. Hence the optical 


density, log, ~*» can be obtained, where I, is the inten- 


sity through the clear liquid. As the powder gradually 
“ sediments ” out of ee, the amount of light 
transmitted will gradually increase. From readings 
of the optical density at known times, together with a 
knowledge of the depth h of the beam from the surface 
of the liquid (see Fig. 1), the size distribution of the 
powder in suspension can be calculated. As very fine 
wders are slow in ‘“‘ sedimenting,” the optical system 
is moved up the cell in order to accelerate the deter- 
mination. 

The relationship between particle size and optical 
density used by us to calculate the size distribution is 
due to Heywood,* and is as follows : 


=. $ 
loge =7SCL - . @ 


where § is the specific surface of the powder (sq. cm. per 


gramme), 

C is the concentration (gramme per ml.), 

L is the length of the path of light through the 
liquid (cm.). 

This is a modification of an earlier (1923) relationship 
by O. Werner. The equation is based on particles 
totally blocking out an area of light equal to the pro- 
jected area of the particles in a plane normal to the 
direction of the light beam. Various workers have 
found that this equation does not hold good over the 
range 0-1 to 10% to which we have applied it, but wide 
differences of opinion occur. Although the equation is 
not fundamentally correct, we believe that, for the 
type of powders examined in this work, it gives the 
correct order of size over the range 0-1 to 10u. This is 
demonstrated by —— the results, given later, of 
the Spekker method and the electron-microscope 
photographs. 








* Proc. Inst. Mech. Eng., vol. 140, page 257 (1938). 


The remarks on Stokes’s law made in the description 
of the sedimentation balance apply equally to this 
method. Some difficulty was encountered in the use 
of the turbidimeter, owing to the light source giving a 
slowly varying intensity, This was largely overcome 
by using a battery of very large capacity, a uniform 
intensity being obtained after 15 minutes working. 
To reduce temperature fluctuations in the suspension, 
the sedimentation cell was carried in a large block of 
iron. The maximum temperature variation in the cell 
during an experiment was 2 deg. C. To test reproduci- 
bility obtainable with the turbidimeter, four tests were 
made on Type II tungsten powder (details of the 
methods of preparation of the various t of tungsten 
used are given in Table II, page 118.) ese four tests 
were the first results obtained with the apparatus, so 
no skill in manipulation had been acquired. The results 
are shown in Table I. The preparatory treatment of 
the suspension was 2 minutes shaking in water. 


TABLE I.—Reproducibility of the Turbidimeter Method. 








Range,* u. Percentage by Weight in Range. 

a4 48-1 51-4 46-0 47-2 
4-3 10-5 11-1 12-9 13-6 
3-2 15-2 14°4 16-°7 16-1 
2-1; 10-8 9-9 11-2 9-3 
1;-1 7°8 7-8 7°6 7-1 

+4 6-1 4°5 5-0 4-8 
44 1-3 0-7 0-5 1-9 
+0 0-3 0-2 0-0 0-1 


| 


* 1 yu = 10-3 mm. 


The Spekker absorptiometer may be used for deter- 
mining the optical density of powder suspensions. The 
instrument gives direct readings of log, 7 
equation (1) the specific surface may be calculated if 
the concentration of the suspension and the cell length 
are known. As the Spekker absorptiometer is a well- 
known laboratory instrument, no further description 
is given. From the specific surface, the surface mean 
diameter can be obtained using the equation : 

s ~ (2) 

ae ? ‘ 
where p is the density of the particles, d is the diameter 
of uniform spheres having the same specific surface as 
the powder measured. Alternatively, jon (1) can 
be ex in terms of d and p directly. When the 
value of d expresses the mean size of a range of particle 
sizes, then, as calculated from equation (2), it is equiva- 
lent to the “ surface mean diameter” d,, defined as 
follows : 


Using 


Xnd* 

ind * 
where n is the number of particles of diameter d. 

Equation (1) has only a limited application with 
respect to concentration and cell length. Preliminary 
experiments showed that a concentration of 0-1 
gramme per 100 ml. and a cell length of 1 cm. were most 
suitable. This method is very rapid. Using two 
operators, the total time taken for a set of results on 
one powder (i.e., four determinations) is under 10 
minutes. 

For the method of microscopic count by optical 
microscope, slides were prepared by allowing drops 
of a suspension of the powder in water to dry on 
a glass slide. A large field was then photographed 
at a magnification of 100 diameters on a maximum- 
resolution plate. This photograph was subsequently 
enlarged to 1,500 diameters and the actual count 
made from the enlargement. For the method of 
microscopic examination by the electron microscope, a 
Metropolitan-Vickers E.M.2 instrument was used at a 
magnification of 5,000 diameters. The specimen mount 
was the normal }-in. diameter copper or nickel gauze, 
which was covered with a thin Formvar film. The 
specimens were prepared by spraying a suspension of 
the powder in water or ethyl alcohol gn to the Formvar 
film or by allowing a drop of the ion to dry on it. 

The early work carried out, using some of the methods 
described above, showed that variations in the degree 
of dispersion of the powder in the suspending medium 
at the start of an experiment, and the effect of aggrega- 
tion during the experiment, were primary causes of 
error. There are two factors to consider, firstly the 
initial aggregates present in the powder before being 
mixed with the suspending medium, and secondly the 
rate at which aggregation occurs in the suspending 
medium. As we were concerned in measuring the true 
particle size of a powder and not the aggregate size, 
no differentiation has been made between these two 
factors in the present work. It was decided to use 
water as a sedimenting medium and to investigate the 
conditions under which a particular method gave the 
lowest size for a particular powder. After preliminary 
experiments, the sedimentation balance was discarded 
in favour of the turbidimeter. 


ds (3) 
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Fie. 2. Typr-I Tunasten Powper. fFie.3. Tungsten CARBIDE FROM 
Typr-I Powper. x 10,000. 


x 10,000. 








Fig. 6. Typs-III Tunesten 
PowpveErR. x 10,000. 


As the degree of aggregation was still unknown after 
a series of experiments, and as each step in the prepara- 
tion of a suspension of powder appeared to affect it, 
the search for a perfectly dispersed suspension was 
abandoned, and the conditions were standardised so 
that reproducible and comparative results on different 
powders could be obtained. These conditions were: 
(a) Grinding 2 grammes of powder with a rubber- 
covered rod for 3 minutes. (5) Vigorous shaking for 
15 minutes in a fixed quantity of water in a standard 
flask, the concentration of the suspension then being 
adjusted to a suitable value by the addition of more 
distilled water, followed by a few gentle shakes. 
(c) The concentration used for the turbidimeter varied 
from 0-01 to 0-08 gramme per 100 ml., depending on 
the particle size of the powder, it being found that the 
determination could best be made if the initial optical 
density were approximately the same for each powder. 
A concentration of 0-1 gramme per 100 ml. was found 
to be most suitable for the Spekker method. 

Four types of tungsten were employed. The methods 
by which they were produced are given in Table II. 


TABLE II. 





| ing | Temp. of Type of 
"on" Reduction,, Furnace 


Type.| Raw Material. 
deg. C. | Treatment. 





| 
I | Tungstic oxide oa Carbon ..| 1,250 | _ 
II | ‘ os ..| Hydrogen 950 Batch 
III | Ammonium para- | | 
| tungstate | re 900 | Continuous 
. » } 900 | ” 
| 


IV | Tungsticacid . 
| 





Indirect evidence suggested that the particle size of 
powders varied over a wide range. The particle size of 
the four powders was investigated at various stages 
during processing to the finished “alloy” powder. 
The stages of processing were: (1) Ball milling the 
tungsten powder with 6-12 per cent. carbon for 24 hours. 
(2) Carburising the tungsten + carbon mix in graphite 
crucibles in a hydrogen atmosphere at 1,420 deg. C. 
for 3 hours. (3) Breaking up the friable mass of tung- 
sten carbide by ball milling for a further 24 hours. 


MICROPHOTOGRAPHS 





Fie. 7. Cosatt-Metat Powper. 
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Fie. 4. ‘“ Attoy’’ PowpEr (WC + 
6-25 Per Centr. Co) rrom Type-I 





Fie. 5. Typse-IV TuNGsTEN 
Powper. x 10,000. 


Powper. x 10,000. 


x 10,000. Type-I PowprEr. x 


(4) Adding 6-25 per cent. cobalt powder and ball milling 
with water for 72 hours. (5) Sieving the dried cake 
through a 100-mesh sieve. Samples were taken, for 
particle-size analysis, of the original tungsten powders 
and after operations (3) and (5). 
Table III and Table IV, opposite, give the results 
TABLE III.—Turbidimeter Results on the Four Types 
of Powder. 





Percentage by Weight in Range. 





Stage of Process. | — 

















| | Type I. Type 11.|rypentt.| ype 1. 
Tungsten metal 2-18 32-2 | hy : 
18-14 22-9 16-8 
14-10 | 17- © tee, 
10-8 °-3 | 21-1 | 19-9 
| 86 5-2 | 16-1 | 
6-4 5-3 | 21-7 | 
4-3 3-2 10-3 | 9-2 | 6-9 
3-2 3-5 | 12-9 | 13-4 | 11-1 
| 2-19] 1-9 9-8 | 12-9 | 8-3 
| 1g-1 1-1 7-3 | 13-1 9-1 
| 14 0-4 4-5 | 14-5 | 18-4 
ee 0-2 0-7 9-3 | 14-7 
| $0 O-1 0-0 6-5 | 16-6 
WCafter24hour| ~-4 | 49-0 | 55-7 | 10-2 | 7-0 
dry milling | 4-3 | 12-8 | 10-9 6-4 0-0 
3-2 | 16-2 | 11-3 | 14-2 | 0-6 
| 2-14] 9-8 8-7 | 17-3 5-1 
| 13-1 7-2 7-7 | 21-2 | 16-2 
| 1-3 3-9 5-2 | 19-8 | 22-0 
| at 0-9 0-5 8-9 | 25-4 
| +-0 0-2 0-1 2-0 | 23-7 
Prepared alloy | »-4 37-4 33-9 37-7 27-1 
powder, dried | 4-3 | 14-1 | 13-3 8-8 6-6 
and sieved | 3-2 16-1 15-4 |11 +5 8-0 
through 100-| 2-14] 10-5 | 11-3 | 12-2 8-7 
mesh screen 1}-1 8-2 12-1 18-7 15-7 
1 7-3 6-9 | 15-4 | 138-9 
* 5-0 1-7 5-0 | 13-3 
} HO | 14 | 0-4 0-7 1-6 
i 











obtained with the turbidimeter and Spekker absorptio- 
meter, respectively, on the four types of tungsten, the 
carbide, and the “ alloy” powders prepared from them. 
The turbidimeter results given are the m an of two 
separate determinations for each powder. The Spekker 


Fic. 8. SiInteReED ALLOY FROM 








Fic. 9. SrmntTeRED ALLOY FROM 


10,000. Tyre-II Powper. x 10,000. 


results are obtained from the mean of eight determina- 
tions of optical density from two suspensions of the 
given powder. The standard deviation of the individual 
results on each powder is given, from which it can be 
seen that the reproducibility of the method is good. 
The greatest variation occurs with the finest powders. 
This is believed to be due to the relative ease with 
which fine powders aggregate in water as compared 
with coarser ones. 

The same powders were examined by means of the 
electron microscope, and typical photographs are 
reproduced in Figs. 2 to 7. Types-I, -III, and -IV 
tungsten powders, and tungsten carbide and a finished 
“alloy” powder are shown. The main purpose was 
to examine particle shape, and no attempt was made 
at a statistical particle-size count, owing to the 
difficulty of preparing specimens. The photographs 
shown, however, were selected to be as representative 
of the particular powders as the examination of many 
fields in -everal specimens would allow. Therefore, a 
qualitative comparison of size can be made with the 
Spekker and turbidimeter results. 

Aggregation was the main difficulty in arriving at a 
sound method for particle-size measurement. All the 
methods described are affected in some way by aggrega- 
tion. At this stage of our knowledge of aggregation 
phenomena, all that has been done is to standardise 
conditions to obtain reproducible results, as indicated 
previously. The turbidimeter was found to be an 
improvement on the sedimentation balance. The time 
of determination was usually 3 hours, of which only 
4 hour was taken up by experimental work, but this 
was still lengthy for the purpose of works eontrol. 
Reproducibility was good. provided that sufficient care 
was taken to standardise the aggregation conditions. 
No special skill was required by the operator. A 
smaller concentration of powder in the sedimenting 
liquid was needed compared with that used in the 
sedimentation-balance method. This would reduce 
errors due to hindered settling and aggrezation. 

The Spekker method, like the turbidimeter method, 
suffers from an insecure foundation, the same basic 
light-absorption equation being used. It has an 
additional shortcoming in that the size distribution 
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MICROPHOTOGRAPHS OF SINTERED ALLOYS. 





Fie. 10. SsnTERED ALLoy From Typz-III 


Powper. x 10,000. 


is not evaluated, but only the specific surface. The 
advantages of this method, however, far outweigh the 
disadvantages. It requires no special skill to operate. 
A complete determination can be carried out in 
10 minutes, which makes possible its use as a means 
of production control. By comparing the photographs 
of the powders shown in Figs. 2 to 6 with the surface 
mean-diameter results of Table IV, it can be seen 
that the Spekker results are in good agreement with the 
true size of the powders over the whole range of ‘sizes 
examined. This is surprising in view of the theoretical 
limitations of the light-absorption equation, especially 
in the case of Type IV tungsten, for which we estimate 
the true mean size to be between 0-ly and 0-15, 
from the electron-microscope examination. It is diffi- 
cult to decide at this stage whether this. good cor- 
relation between Spekker readings and particle size is 
a simple effect as exemplified by the absorption equa- 
tion, or is due to the combination of uncontrolled 
factors, such as aggregation, and some optical effect. 
The results reproduce well, as shown by standard- 
deviation figures. 

The microscopic methods were most useful for 


SinTterRED ALLoy From TyPz-IV 
PowpEr. x 10,000. 


Fie. 11. 


comparable effects on processing the four types of 
tungsten. Type I material becomes much finer on 
bail milling after carburisation. This is no doubt due 
to the breakdown of tightly-bound aggregates that are 
believed to form when the oxide is reduced to metal. 
The breakdown of these aggregates is not complete at 
this stage, as is shown by the further reduction in size 
during the milling period in which the cobalt is mixed 
with the carbide. Type IV tungsten increases in 
particle size during carburising. owing to grain growth, 
while ball milling does not cause any reduction. Further 
coarsening then occurs, owing to the cementing together 
of particles by the soft cobalt during the ball milling 
of the carbide with this metal. T II and III are 
intermediate between Type- I and IV in their behaviour. 

The above-quoted effects are also shown in the 
electron-microscope photographs (Figs. 2 to 7). Fig. 7 
shows the cobalt powder used in this work. The 
characteristic grain shape of cobalt is absent in the 
“alloy” powder photographs. This may be due to 
the cobalt smearing itself on the tungsten-carbide 
grains, a view expressed by S. L. Hoyt in the United 
States in 1930. Further evidence for this theory is 





particle-shape studies. An accurate determination of 
TABLE IV.—REsvuLtTs OBTAINED 


given by the “ spikes ” on the outline of the tungsten- 


WITH SPEKKER ABSORPTIOMETER. 


for control of hardness in production and for allocating 
batches of powder. Figs. 8 to 11, on this and the opposite 
page, are electron micrographs of the sintered alloys, 
using a Formvar film-replica technique. This method 
was used because of the difficulty of resolving the 
Type IV alloy by optical means. All the specimens were 
etched in Murakami’s nt for 10 seconds before re- 
plicas were taken. It can be seen that little grain growth 
has occurred during sintering, and that the grain-size 
of the sintered specimen is in line with the particle-size 
determinations on the “alloy” powder. While the 
investigation was in progress, large quantities of the 
four types of tungsten powder were used for production 
work, and their behaviour was consistent with the 
findings given above. For these particular types of 
powder and the methods used to process them, a 
quantitative relationship between hardness and surface 
mean diameter has been evolved. 





CATALOGUES. 


Electric Resistances and Bridges..—Sensitivity data on 
electric resistances and bridges is contained in a catalogue 
issued by the Cambridge Instrument Company, Limited, 
13, Grosvenor-place, London, 8.W.1. 

High-Vacuum Pumps.—Details of their “‘ Speedivac ”’ 
high-vacuum pumps are given in a leaflet received from 
Messrs. W. Edwards and Company (London), Limited, 
Lower Sydenham, London, 8.E.26. It includes, a 
number of speed-pressure and pressure-time curves as 
well as other useful information. 

Electrolytic Capacitors.—A new range of electrolytic 
capacitors has been introduced by The Plessey Company, 
Limited, Iiford, Essex, and is described in a pamphlet 
received from them. It is the outcome of the Company’s 
development of fabricated electrode material manufac- 
tured by applying pure aluminium to a gauze base of 
chemically inert material. 

Water and Oil Coolers.—Typical coolers for handling 
small and medium flows of water or oi] are described in 
a catalogue received from the Visco Engineering Com- 
pany, Limited, Stafford-road, Croydon. The cool: rs are 
compact units suitable for a variety of applications on 
heat exchangers, Diesel engines, compressors, condensers, 
die-casting machines, gas scrubbers, etc. 

“« Megger’”’ Insulation Testers.—A leaflet recently pub- 
lished by Messrs. Evershed and Vignoles, Limited, Acton 
Lane Works, Chiswick, London, W.4, deals with their 
Megger insulation testers. These well-known instru- 
ments are now being manufactured with ranges up to 
10,000 megohms at 500 volts and up to 50,000 megohms 
at 2,500 volts. The effective scale length has also been 
increased from 3} in. to 84 in. 
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Stage of Process. 
| tu 
ngsten Carbide after 24 Hours Prepared Alloy Powder, Dried and 
Type of Tungsten Metal Powder. Dry Milling. Sieved Through 100-Mesh Screen. 
Tungsten 
Powder. 
Specific Standard Specifi Standard Specifi Standard 
Surface, | Deviation,* —— Surface, Deviation,* —_—e Surface, | Deviation,* ae 
sq. cm. per | $q.cm. per} pia Sq. em. per | sq.em. per) pia, Sq. cm. per | sq.cm. per} pia 
gramme. gramme. — gramme. gramme. ” gramme. gramme. Ahi 
| 
I | 322 11-4 9-65 2,560 23-5 1-49 4,050 115 0-99 
II 1,760 44-2 1-77 1,800 30-6 2-12 5,080 46-0 0-79 
Ill 4,720 33-2 0-66 5,920 29-6 0-64 5,450 39-1 0-73 
IV 14,500 382 0-21 8,390 193 0- 6,400 77-6 0-62 
* The standard deviation in each case was calculated from eight specific-surface reading: 


size distribution by direct microscopic count was found 
to be impossible with the t of powder examined 
owing to the difficulty of making slides on which the 
powder was not aggregated. The assessing of an 
aggregate into its constituent icles was found to be 
unreliable. Even with suitable specimens the method 
would be unduly lengthy, and so it was not considered 
for control purposes. The resolution of an optical 
microscope is insufficient to deal with powders similar 
to Type IV tungsten, and use was made of electron 
microscopy. Specimen preparation was even more 
difficult in this case, and in view of the possible diver- 
gence from random sampling that conditions in the 
microscope and specimen preparation might cause, 
no accounts are given in this paper. 

It is concluded. therefore that, of the methods dis- 
cussed above, none is suitable for accurate size-distri- 
bution measurements on the types of powder to which 
we have applied them. For a rapid method, the most 
promising direction for further work seems to be the 
development of an improved turbidimeter, coupled 
with a greater knowledge of aggregation, sedimentation 
phenomena, and light absorption by icles. For 
the time being, the Spekker method is used as our 
basic means of measuring particle size, supplemented 
where necessary by microscopic examination for shape 
and to indicate size range. 


carbide particles, which appear for the first time on 
adding cobalt. Sintered pieces were prepared from the 
four types of powder. e sintering conditions were 
chosen to give the highest hardness, these conditions 
being determined separately for each type of powder. 
Table V shows the hardness of the finished hard-metal. 


TaBLE V.—Hardness of Finished Alloys Prepared 
from the Four Types of Tungsten. 








Hardness. 
Hard-Metal Prepared 
Powder of Type 
‘owder of Type : te Diamond 
Rockwell A. Pyramid No. 





| 
| 


| 
| 
| 
| 
| 


Boe 88-3 1220 
a +s 90-8 1540 
Te «- 91-2 1590 
IV .. 91-7 1650 


The hardness thus depends on the particle size of 
the initial tungsten from which the four specimens 
were made and also on the particle size of the “ alloy ” 
powder. The variation in surface mean diameter 





measured by the Spekker method for a given change in 
hardness, is great enough to overshadow any error in 





The Spekker and the turbidimeter results indicate 


the size measurement and makes this method convenient 





F atic Collection of Wood Refuse.—Some typical 
installations for the collection of refuse from woodworking 
machines are illustrated, with notes, in a booklet, No. 
6602, issued by the Sturtevant Engineering Company, 
Limited, Southern House, Cannon-street, London, E.C.4. 
The refuse is generally separated from the air by cyclones, 
except in the case of the fine dust produced by sand- 
papering machines, which is removed by filters. 

Electrical Measuring Instruments.—Particulars of their 
square-dial electrical measuring instruments which are 
suitable for use in circuits operating at pressures up to 
600 volts are contained in a leafiet published by Messrs. 
Ferranti, Limited, Hollinwood, Lancashire. These instru- 
ments are either of the moving-coil or moving-iron type, 
and are tested at an alternating voltage of 2,000 for 
one mirute prior to dispatch. They are contained in 
62 in. square pressed-steel cases, which project { in. from 
the panel. 

PH Meter.—Messrs. Muirhead and Company, Limited, 
Beckenham, Kent, have sent us an illustrated pamphlet 
describing their type D-303-B direct-reading pH meter, 
which has been designed for bench use and to operate 
from any single-phase supply between 200 and 250 volts. 
The operating controls and the indicating meter are 
mounted on a sloping panel, and the setting-up controls 
are arranged below the meter on a sub-panel normally 
covered by a hinged flap to prevent them from being 
accidentally disturbed. The instrument is calibrated 
from 0 to 15 pH in two ranges, the meter acale being 
divided at every 0-1 unit, and marked from 0 to 8 pH 
bu its lower side, and from 7 to 15 pH on its upper side. 

Scientific Instrumenis.—We have received from Messrs. 
W. and L. E. Gurley, Troy, New York, U.S.A., some illus- 
trated catalogues describing laboratory apparatus for test - 
ing paper, textiles, plastics, leather, and sheet material, 
together with pamphlets which describe wind-velocity 
measuring instruments. including the “Gatty” drift 
indicator for use in aircraft. This indicator consists 
essentially of a grid of parallel wires set in the focal plane 
of a periscope which is mounted so that the apparent 
movement of the ground is parallel to the wires when 
there is no drift; when there is sideways drift, objects 
on the ground appear to move diagonally across the 
wires, and the angle of drift is then mea-ured by turning 
the grid into line with the apparent movement. 
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NOTES ON NEW BOOKS. 


Electrolytic Polishing and Bright Plating of Metals. By 
Dr. S. Wernick, M.Se., F.R.I.C. Alvin Redman, 
Limited, 1-8, Whitfield-place, London, W.1. [Price 
30s. net.] 


For many years, the technique of metal-finishing 

a long way behind that of metal-forming, 
but the leeway has been made up rapidly during the 
past two decades and the literature of the subject is 
now very extensive. Much of it is recorded in the 
proceedings of the Electrodepositors’ Technical Society, 
which Dr. Wernick has served both as secretary and as 
President, and the broad outlook upon the work done 
overseas, coupled with his own contributions towards 
the development of metal-finishing methods, fit him 
particularly well to review the current state of the art. 
His book is concise and thoroughly practical, and is 
documented with a liberality which is almost encyclo- 
pedic, both as regards patents and references to articles 
and technical papers. The coating metals principally 
dealt with are nickel, aluminium, zinc, cadmium, copper 
and silver, but the deposition of precious metals, 
including platinum, palladium and rhodium, also receive 
expert attention. There ig an author index as well as 
a subject index, and a ‘collective bibliography of 
over 500 references as well as the shorter lists which 
follow the successive chapters. The book should prove 
equally valuable to the student, the craftsman and the 
research worker. 


Technical Literature. By G. E. WrttaMs, B.Sc. (Eng.). 
George Allen and Unwin, Limited, 40, Museum-street, 
London, W.C.1. [Price 7s. 6d. net.} 

Tue object of this book is to assist engineers and physi- 

cists to prepare papers for the professional press. The 

author has been head of the editorial department 
of the Institution of Electrical Engineers for some years 
and has found, as others, including ourselves, have 
found before him, that contributors require, although 
they do not always gladly receive, a good deal of 
guidance ‘n this task. By the time they have read this 
book they will, we hope, have appreciated that it is 
not sufficient to be born to be able to write; and that 
close attention to detail is among the most important 
of the qualifications required. Mr. Williams deals in 
detail with methods of presentation, choice of words 
and preparation ; and lets the reader into some of the 
secrets of the art of sub-editing and the problems of 
illustrations, copyright, and l.bel. With the greater 
part of what he says we are in entire agreement; and 
any criticism must take the form of suggestions for 
amplification and addition, although there are points 
of usage on which infinite and inconclusive argument 
would be possible. We should like, however, to have 
seen more stress laid on the desirability of curtailing 
the use of abbreviations and avoiding the employment 
of jargon. To write “r.r.r.v.” for “ the rate of rise of 

iking voltage” is likely to confuse and annoy 

more readers than it saves time, and illustrates a 

facet of the bureaucratic mind which need not be 

imitated by engineers. To invent words, such as 

“‘ sparage ” for spare plant, may illustrate the writer’s 

ingenuity, but such ingenuity could be better employed. 

The rule should be not to invent until it has been 

discovered that no existing word or term fulfils the 

desired purpose. Authors would be well advised, 
whatever their personal views, to study and comply 
with the style of particular journals before they submit 
articles to them. Failure to do this means a great deal 
of unnecessary work for the editorial staff and is a 
frequent cause of disappointment to would-be con- 
tributors. We commend the appendix on psychological 
principles. An excellent bibliography is included. 





Machine Design. By Proresson Paut H. Buacx. 
McGraw-Hill Book Company, Incorporated, 330, 
West 42nd-street, New York 18, U.S.A. [Price 
4 dols.}; and McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 24:s.] 

THE principles of the applied sciences, particularly 

those of recent discovery, are seldom employed readily 

enough, or to the extent they should be, in the solution 
of problems of mechanical design. Many excellent 
text-books yield the requisite information, but few show 
how to apply it correctly and simply to the general 

wactice of engineering, however well they may do it 
for the specialised branches. Naturally, to cover 
all aspects of present-day design would be beyond the 
capacity of one book and, accordingly, Professor 

Black limits his to subjects within the everyday e i- 

ence of most mechanical drawing offices. Each is 

investigated in the light of the fundamental science 
involved, with due consideration to the latest develop- 
ments and modern machining methods, and on the 
assumption that the reader is acquainted with mechan- 





ics, dynamics, strength and jes of materials, 
and mechanical processes. ‘a toe only of these 
is given in the text, the intention being that standard 
works, handbooks, and manufacturers’ catalogues, 
should be consulted freely to correlate the principles 
expounded in the book. This approach to the tech- 
nique of design would entail, normally, a considerable 
period of study before practical results could be 
achieved, but the author has arranged his work so 
that it can be used from the beginning, in conjunction 
with the reference books, to enlarge upon the informa- 
tion given by them and to promote a clearer under- 
standing of their overall functions. The knowledge is 
conveyed mainly by a comprehensive treatise on stress 
concentration in machine members, this being carried 
to an advanced stage to include the effects introduced 
by surface finish, vibration control and chemical 
decay. Further chapters cover the essential practical 
aspects of design, such as constructional details and 
methods, desirable qualities in workmanship, means 
of ensuring adequate lubrication, and other features ; 
any of which, if disregarded, could well render the 
text-book calculations ineffective. In order to promote 
the use of judgment and the making of correct assump- 
tions, instead of imparting the ability to incorporate 
memorised data, the book gives few details of actual 
machine parts, although the many tables of figures, 
sizes and tolerances are those of current American 
practice. The nomenclature, symbols and abbrevia- 
tions are of the same origin, although their significance 
is so clear that they do not detract from the value of 
the book to the British reader. 





Electric Power Supply. By T. H. Carr, M.I.C.E., 
M.I.Mech.E., M.I.E.E. The Cyril Williams Publicity, 
Limited, 69, Swan Arcade, Bradford. [Price 2s. 
post free.] 

Tus brochure is a reprint of a series of articles which 
appeared in the BEAMA Journal under the ti le 
“* Reliability of Supply in Electric Power Stations and 
Sub-Stations.” It may be described as a brief sum- 
mary of the author's well-known works Electric Power 
Stations and Sub-Stati Practice. Its 40 
cover almost every item making up the equipment of 
steam power stations and electric sub-stations, but, 
saohenii, in the space available, treatment can be only 
in very general terms. In a sense, it is confined to 
principles; for example, in the section dealing with 
coal-handling plant, it is pointed out that the equip- 
ment should be capable of handling coal at a much 
greater rate than that of normal consumption in order 
to be able to deal with delayed deliveries, and also that 
it should be able to supply the boiler bunkers directly 
as well as to deliver to store. These are elementary, 
or perhaps they should be described as fundamental, 
considerations, but are necessarily mentioned in a 
review of power-station lay-out in general terms. In 
some cases, matters are referred to in rather more 
detail as, for instance, in the section on condensing 
plant, in which the desirable procedure is recom- 
mended in the case of a on the electrical system 
resulting in the tripping of the circulating-pump motor 
with consequent loss of cooling-water supply to the 
condenser. In the main, the scope is restricted to a 
survey of modern practice, and preference for one or 
other type of procedure is not expressed. More 
extensive information about any of the matters men- 
tioned must be sought in larger works, but this broad 
survey of the whole subject of electric-station design 
is likely to be read with interest by many engaged in 
operation, maintenance and design. Most persons 
engaged in any sphere are concerned with specific items 
of equipment and this general survey of the whole field 
will prove instructive and interesting. 





Analyses of Complex Mixtures of Gases. By 8. H. Asn 
and E. W. Ferecy. United States Department 
of the Interior, Bureau of Mines, Bulletin 471. 
Government Printing Office, Washington 25, D.C., 
U.S.A. [Price 75 cents.] 


Tis Bulletin purports to show how, by the careful 
sampling and analysis of the air in mines, fires may be 
controlled or extinguished and explosions prevented. 
No account of the methods of the analysis of the 
complex gas mixtures is given, but the reader is referred 
to previous work already published. The authors 
draw most of their examples from the mining industry 
and it is in this field that the information provided 
will be of most use, although the methods developed 
are applicable in any omg where dangerous condi- 
tions exist because of the presence of inflammable 
gases. The authors call for a better appreciation of the 
application of gas analyses by managements, safety 
engineers, and chemists in the extinction of fires after 
they have been sealed “7 in —- > underground 
workings, the rece ad of an explosion is always present, 
but after the development of a fire the danger is greatly 





increased, and if the authors succeed in spreading 
their ideas, they are to be congratulated; but it is 
— whether the matter presented in this 
ulletin will be easily comprehended by the peop!e 
to whom it is directed, unless they are prepared to 
study previous work and give the subject sufficient 
thought. It is necessary to acquire familiarity with 
the authors’ nomenclature so that the thread of the 
argument may be followed, and their explanation suffers 
at times from over-elaboration; a simpler and less 
academic approach might be more encouraging to the 
reader. Ten graphs are included to reduce calculative 
work to a minimum, so that only simple arithmetical 
work need be performed. Some of the graphs, 
however, have become so complex that practically the 
complete alphabet is required to identify points 
mentioned in the text. The bulletin may make more 
appeal to those who are fairly well versed in this 
branch of applied chemistry, and it seems probable 
that the authors intended it to serve this purpose. 





Gas Turbines and Their Problems. By Hayne Con. 
stant, F.R.Ae.S. Todd Publishing Group, Limited, 
49, Park-lane, London, W.1, and rge G. Harrap 
and Company, Limited, 182, High Holborn, London, 
W.C.1. [Price 7s. 6d. net.} 


ANYTHING that may be written by Dr. Hayne Constant, 
the Director of the National Gas Turbine Establishment, 
on the subject of gas turbines is assured in advance of 
international interest and attention, even though, as in 
the present instance, different opinions may be held 
by readers regarding some of the future developments 
which he foreshadows or dismisses. His purpose in 
this handbook is “ to inform engineers of the present 
status of the art of the gas turbine, to describe the 
problems and difficulties that are engaging the attention 
of research workers, and to predict the prospects and 
possibilities that are being opened up by the develop- 
ment of this new thermodynamic system ”’ ; but he is 
careful to emphasise that the book' “attempts no 
more than this.” It is entirely descriptive, containing 
no mathematics at all (unless a few performance curves 
be so regarded), and may be commended especially 
to those who tend to assume that the advent of the 
as turbine makes all other prime movers obsolescent ; 
or the author states quite bluntly his belief that “ the 
next few years are likely to be full of disappointment 
for those who believe in the eventual widespread 
use of the gas turbine,” though he expects it to become 
in time “the most important form of heat engine 
known to man.” 


Non-Ferrous Metals and Alloys. By Dr. Epwin 
Grecory and Eric N. Smurons. Paul Elek (Pub- 
lishers), Limited, 38, Hatton-garden, London, E.C.1. 
[Price 12s. 6d. net.} 


Tuere is (or should be) a clear distinction between 
metallurgy, which is a science, and the practical 
production and use of metals, in which art and crafts- 
manship combine with science in varying proportions. 
The previous books wherein Dr. Gregory and Mr. 
Simons have collaborated have sought, with consider- 
able success, to expound the elements of the science 
and art of ferrous metals and alloys to those who require 
to know something of the fruits of both but are them- 
selves expert in neither. In the present handbook, 
they do the same for non-ferrous alloys. While there 
is little or nothing in it which is not to be found fairly 
readily elsewhere, and some of the half-tone illustrations 
seem hardly to warrant inclusion, the text in general 
presents the fundamental practice in a manner which 
should be particularly serviceable to students, draughts- 
men and others, and warrants the authors’ claim that 
it is “ concise within its limits, informative, and easy 
to read,” presenting ‘‘ a workmanlike summary of the 
properties, methods of working and heat treatment ” 
of the more commonly used alloys of copper, nickel, 
aluminium and magnesium. Solders, bearing metals 
and, to some extent, the precious metals are also 
discussed. 


Professional Practice in Engineering. The Society of 
Engineers (Incorporated), 17, Victoria-street, London, 
8.W.1. [Price 2s. to members; 3s. 6d. to non- 
members. ] 


Tus pamphlet, intended for the guidance of engineers 
engaged on consulting work, was published originally 
in 1917 and has now been revised by the Professional 
Practice Committee of the Society of Engineers. It 
indicates the qualifications necessary in a consulting 
engineer and the principles which should govern 
professional practice in that capacity, gives a minimum 
scale of suggested fees for different classes of work, 
and amplifies this with notes and definitions of the items 
comell or not covered by the scale. In an appendix 
is printed a typical simplified form of agreement 
between the consulting engineer and his client. 
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STRESSES IN TURBINE 
ROTORS OF DISC 
CONSTRUCTION. 


By G. F. C. Roczrs. 


It has been shown elsewhere, in an unpublished 
report by the author,* that light-alloy rotors for 
axial compressors, built up from discs with separate 
thin spacers between the rims, as shown in Fig. 1, 
can be made with lower stresses, for the same 
overall weight, than the normal drum construction 
illustrated in Fig. 2. Conversely, of course, for the 
same allowable stresses, the disc type of construc- 
tion results in the lighter rotor. 

There is no reason to doubt that this generalisation 
applies equally well to steel rotors suitable for multi- 
stage axial turbines. One method of constructing 
such a rotor out of solid discs, by welding the rims 
of successive discs together, is shown in Figs. 3 and 4, 
This should be an even lighter construction than 
one with discs mounted on a shaft, AI as the discs 


Fig.1. 
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have no central hole, no thickening at the hub is 
required. From the point of view of obtaining a 
uniform stress in the disc, it may be desirable to 
give the disc a slight taper, but a hub-neck thickness 
ratio of 2 is probably all that is required. Messrs. 
Brown, Boveri and Company, Limited, are believed 
to have built turbine rotors in this way. One addi- 
tional advantage of the welded construction, over the 
type employing discs and separate spacer rings 
mounted on a shaft, is that the former results in a 
rotor of definite rigidity. When using the latter con- 
struction, it is generally necessary to estimate the 
whirling speed by treating the discs as loading on 
the shaft, owing to the unknown rigidity of the 
disc and spacer attachment at the periphery. 

This article describes a method of stressing rotors 
of the type shown in Fig. 3, and is an extension of 
the work already published in ENGINEERING of 
January 2 and 9, 1948, under the title ‘‘ The Estima- 
tion of Stresses in Turbine-Disc Rims.” 

The notation adopted is as follows: r = radius 
of centre of gravity of the rim, in inches ;.w = radial 
extension of the radius r, in inches ; p = density of 
material, in lb. per cubic inch; w= angular velo- 

pw 


city of the disc in radians per second; K = aod, 





* R.A.E. Tech. Note Eng. 294. ‘‘ Comparison between 
Light Alloy Disc and Drum Construction for an Axial 
Compressor.” 





1 = half the distance between the faces of two 
adjacent dises, in inches; 2h = thickness of rim, 
in inches; x = distance along the rim from one 
side of the disc, in inches ; and o = Poisson’s ratio. 
This is the same nomenclature as before, except 
that 1 now refers to one half the distance between 
the faces of two adjacent discs, instead of the 
length of overhang of a rim, The same analysis 
is applicable up to the point where the initial con- 
ditions are applied to evaluate the four constants 
obtained from the 4th order differential equation 
for w (the deflection of the rim), and the two con- 
stants obtained from ordinary disc-stress analysis. 
In the case of a rotor, the initial conditions are 
that, at the centre of the disc, the hoop stress equals 
the radial stress; at the junction of rim and disc 
(z = Oin the rim equation), the radial extension 
of the disc equals the radial extension of the rim, 
the shear force in the rim equals the pull exerted by 
the rim on the disc, and the rim has zero slope, 
assuming symmetrical loading. At the point mid- 
way between two adjacent discs (2 = 1), the slope 





is again zero; and the shear force is zero. In cases 
5. 
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where the blade heights vary along the length of the 
rotor, the fourth condition (namely, that the rim has 
zero slope at x = /) will be an approximation. While 
only solid discs are considered in this article, discs 
with a central hole could be dealt with by substitut- 
ing, for the first of the above conditions, the con- 
dition that the radial stress is zero at the bore. 

To illustrate the effect of varying the dise thick- 
ness y, rim thickness 2h, and the distance between 
discs 21, the simple case of a rotor without external 
loading, and with parallel-sided discs, has been 
considered. Application of the above initia] con- 
ditions results in the following equations, which 
must be solved for the constants H, D, M and N :— 


H+D-M+N=0 : - (l) 

st st 

(cos St ant) (we "+Ne *) 
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where z is given by 
3 (1 — o*)r? 
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The maximum shear stress, occurring at x = 0, is 
then found from :— 


-—E 2 (Fy 


t =—; -- |— -H+N4 
Shear stress ano) 3h ) (D + M) 


? 
(5) 


The maximum bending stress in the rim, occurring 
at x = 0, is found from :— 
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The bending stress at mid-span, z = I, is given by :— 
Bending stress 


zl 
~ ; (2) [e” (D cos <* - sin **) 
“od h r r 
-# 
~ 6 * (ws cos =! — at ain *)] . . 


Lastly, the maximum hoop stress in the rim, occur- 
rng at z = l, is given by :-— 
zt 
ri 1 
Hoop stress = = . (# cos = + D sin <*) 
r Tr Tr 


l zZ 
ne * (at cos + Nein) 42K. . @) 
Tr Tr Tr 


(Note.—E refers to Young’s Modulus and e to 
the base of natural logarithms. ‘The symbol M is 
merely a constant arising from the solution of the 
differential equation for w, and should not be con- 
used with the M used to denote bending moment 
per unit circumferential length in the previous 
article.) 

These stresses have been plotted non-dimension- 
ally in Figs. 5, 6, 7 and 8. As might be ex- 





pected from analogy with simple beam theory, the 
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bending stress at mid-span, x = I, is of the order of 
one half the stress at « = 0 for small values of + 


With large values of <, when the hoop stress at mid- 


span approaches the thin ring stress r°K, the bend- 
ing stress at mid-span is reduced to negligible pro- 
portions. Though the mid-span stress is the lower 
of the two bending stresses, it is nevertheless the 
most important, as the bending stress at x = 0 can 
be reduced to any desired value by a suitable fillet 
at the junction of the disc and rim. Since such a 
fillet would not greatly affect the bending moment, 
and the bending stress varies inversely with A, 
a local thickening of the dise end of the rim to about 
one and a half times the rim thickness would be 
sufficient to equalise the bending stresses at z= 1 
and « = 0. 

Ii will be seen that an increase in disc thickness, 
by restricting the outward radial movement of the 
rim, reduces the hoop stress slightly at the expense 
of the shear and bending stresses. An increase in 
rim thickness drops the hoop and bending stresses, 
but produces an increase in shear stress. This 
increase in shear stress is not very important, how- 
ever, as, in any case, the shear stress is much lower 
than the others. 

By far the most important effect is shown by 
Fig. 8, from which it can be seen that it is possible, 
by injudicious spacing of the discs, to increase the 
hoop stress above the value corresponding to the 
thin-ring stress r? KK. This effect is similar to that 
found when stressing the rims of spoked wheels, a 
case which is dealt with in most text-books on 
applied elasticity. If the welded disc construction 
is to be used in order to save weight and equalise 
stresses, then, from this consideration, the discs 


will be spaced closely with an ~ of not more than 


0-3, so that this effect does not arise. On the other 
hand, if only a few discs are spaced along the 
length of a rotor with the idea that some strengthen- 
ing of tbe drum might be accomplished, Fig. 8 
indicates the danger of doing so without careful 
stress analysis. 

As was done for turbine rims in the previous 
article, it would be possible to compile general 
design curves in non-dimensional form for this case. 
It would be necessary to plot separate curves for 
the disc and rim as before, to take account of 
different disc and rim loadings due to blades, gash- 
ing of the rim for blade roots, etc. Unless this 
type of construction is to be adopted as general 
practice, however, the computation involved is not 
considered worth while. 





GENERATION OF ELECTRICITY IN 1948.—The official 
returns mndered to the Ministry of Fuel and Power 
show. that during 1948 46,535 million kWh of electricity 

. Were generated for public supply by the British Electri- 
city Authority, the North of Scotland Hydro-Electric 
Board and the Lochaber Power Company. This was 
3,916 million kWh, or 9-1 per cent., in excess of the 
amount generated in 1947. At the end of December, 
1948, the capacity of the generating pl nt installed was 
13,226 MW, compared with 12,729 MW at the close of 
the previous year, an increase of 497 MW, or 3-9 per cent. 





RETURN TO SERVICE OF TURBO-ELECTRIC LINER 
“QUEEN OF BERMUDA.”—The Furness-Withy liner, 
Queen of Bermuda, which saw considerable service 
during the war as an armed merchant cruiser and a 
trooper, has been reconditioned by her builders, Messrs, 
Vickers-Armstrongs Limited, at their Naval Yard, High 
Walker. Newcastle-on-Tyne, 6. and is ready to enter her 
pre-war service. The vessel was described in ENGINEER- 
ING vol. 134, page 279 (1932), but during refitting, con- 
siderable a terations have been made to the accommoda- 
tion, principally to that for the crew, which now conforms 
to the latest r-quirements. The increased space allotted 
to the crew, however, resulted in a corresponding reduc- 
tion in the number of passenger cabins but, by introduc- 
ing additional cab’ns at the sides of the lounge gallery 
on the sun deck and increasing the number of Pullman 
berths, accommodation for the original total of 731 
passengers has been retained. The fire-prevention 
arrangements also have been revised, and a Grinnell 
automatic sprinkler installed in every room. All except 
two of the first-class public rooms were str’pped in 
the course of the vessel’s war service, and opportunity 
was taken duri.xg refitting to redesign the majority and 
bring them into line with modern practice, 
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INTERNAL STRESSES IN 
HARDENED AND DIMENSION- 
ALLY STABILISED STEEL.* 


By L. W. Nicxots, B.Sc. (Eng.), A.M.I.Mech.E. 


Ir is necessary for gauges and end-standards 
made of steel to be hardened in order to reduce 
wear and minimise the effect of accidental damage 
to the gauging faces. The hardening process, for 
the 0-8 to 1-0 per cent. C steel frequently used, 
involves heating to a definite temperature, which 
varies with the composition of the steel, and quench- 
ing in oil or water at normal temperatures. As 
can be imagined, the quenching process introduces 
considerable internal stresses in the steel, due to 
unequal cooling effects throughout the body of the 
material. It is well known that hardened steel 
in the quenched condition is not dimensionally 
stable, and the sizes of end-standirds made from this 
material tend to change with the prssage of time. 
The rate of change gradually slows down, but it takes 
a considerable number of years before most gauge 
steels become dimensionally stable. It is possible, 
however, by a low-temperature tempering process 
following the hardening operation, to render hardened 
steels dimensionally stable. The stabilising 
normally used at the N.P.L. consists of heating the 
steel to a temperature of 150 deg. C. for about ten 
hours and then allowing the steel to cool slowly in 
the furnace. The relatively low temperature at 
which this operation is carried out has little effect 
on the hardness of the steel in its quenched state. 

It is commonly thought that the dimensional 
instability of hardened steel is due to the slow relief 
of the internal stresses which are introduced in the 
steel during quenching; also that the aim of any 
stabilising process should be to eliminate these 
internal stresses once and for all. This, however, 
is not true. The following experiment carried out 
in the Metrology Division of the N.P.L. proves 
that there are still considerable residual stresses 
locked up in hardened and stabilised steel. This 
experiment made use of the fact that any stresses 
present in a hardened and stabilised material must 
necessarily be in a state of balance. A suitable 
machining operation on the material will remove 
some of the stressed material, causing a movement 
of the remaining material until a state of balance is 
again attained, 

A bar of circular section was selected for the 
experiment as the longitudinal stress distribution 
over any normal creis-section of such a bar is 
theoretically symmetrical with respect to its longi- 
tudinal axis, and in practice is likely to be so if 
adequate care is taken during the heat) treatment. 
The bar, 1 in. in diameter and 10 in. long (see Fig. 1), 
of 0-9 per cent. C. tool steel, was machined all over 





* Communication from the National Physical Labora- 








tory, Metrology Division, 
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and then hardened throughout by heating to 770 deg 
C. and quenching in oil. Care was taken during 
the heating operation to get as uniform a tempera- 
ture as possible throughout the bar, and the quench- 
ing operation was carried out with its axis vertical. 
The bar was then stabilised by heating to a tempera- 
ture of 150 deg. C. for ten hours and was allowed to 
cool very slowly in the furnace. Past experience, 
over a considerable number of years, has shown that 
this process is completely satisfactory in producing 
dimensional stability. The circumference of the bar 
was then finish ground and its end faces ground 
and lapped flat and parallel to a high degree of 
accuracy. The diameter and length of the bar were 
then measured. 

Progressive amounts were then ground carefully 
and uniformly off the circumference of the bar, and 
the length and diameter were remeasured after 
each removal. The length of the bar was found to 
decrease fairly uniformly with the reduction in 
diameter, as will be seen by reference to Fig. 2, in 
which the decreases in length are plotted against 
decrease in diameter. The results indicate clearly 
that the stabilising operation did not remove the 
internal stresses set up in the quenching operation 
(otherwise the length of the bar would have remained 
unaltered despite the changes in diameter), and that 
presumably dimensional instability is caused mainly 
by changes in structure of the steel. The decrease 
in length of the bar with progressive reduction in 
diameter indicated that there was a compressive 
stress towards the outside of the bar and tensile 
stress at the centre. 

From a knowledge of the diametral amounts of 
metal removed and the consequent reductions in 
length of the bar, the initial stresses in each of the 
layers removed were calculated using the formula* 
developed by Heyn and Bauer, namely :— 

e a | 

oie [ L(A, — Ag) y 
where f = average initial stress in layer of metal 
Temoved; E = Young’s Modulus; / = original 
length of bar; 1, = length of bar before removal of 
layer; 1, = length of bar after removal of layer ; 
A, = area of cross section of bar before removal 
of layer ; and A, = area of cross section of bar after 
removal of layer. 

The above formula is based on the assumption 
that only longitudinal stresses are present in the 
material, i.e., that radial and circumferential 
stresses are zero, but gives sufficiently accurate 
results for the purpose of the experiment. The 
value of E was assumed to be 30 x 10¢ lb, per square 
inch. Values of the stresses obtained are plotted in 
Fig. 3, and it will be observed that a maximum 
compressive stress of 32,000 lb. per square inch 
was obtained some little way in from the outer 
surface of the bar. It was not found possible to 


* Internationale Zeitschrift fiir Metallographie, vol. 1, 











page 20 (1911). 
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reduce the diameter of the bar below 0-46 in., 
owing to the increasing lack of rigidity with reduc- 
tion in diameter. The average initia] stress across 
the remaining section of the bar was calculated, there- 
fore, by assuming that the difference between the 
total compression and tensile loads in the progressive 
layers removed from the bar acted over the final 
cross section of the bar, i.e., that in its initial stabi- 
lised condition the total compression and tensile 
loads in the bar were equal. 

It is of interest to record that the total compression 
load in the stabilised bar amounted to approximately 
7,900 lb: The bar is still dimensionally stable, 
despite the removal of approximately 0-54 in. from 
its original diameter of 1 in. Measurements of its 
length over a period of four months immediately 
following the final machining operation showed that 
there was no change during this time in its overall 
length to within the limits of accuracy of measure- 
ment. That the internal stresses in a hardened and 
stabilised bar are still present after a considerable 
period of time was proved by the alteration in length 
of a hardened and stabilised bar, ] in. in diameter 
and 9 in. long, of high-duty cast iron, when successive 
layers were removed from the circumference of the 
bar. This bar had been under observation for a 
period of nine years before this was done and the 
total change in length during this time was nil, to 
within the limits of accuracy of the measurement. 


THE ENGINEERING 
OUTLOOK. 


VI.—Tue Locomotive anp Roiime-Strock 
INDUSTRIES. 


Heavy demands were made on the rolling-stock 
industries in 1948, The year started with consider- 
able arrears of wagon repiirs to be mode good; 
according to the White Paper on Capital Investment 
in 1948, nearly 200,000 (15-5 per cent.) were awaiting 
or undergoing rep:ir out of a stock of 1,220,000, 
and this despite the fact that the rate of repvir 
was then about 100,000 a week. There were, more- 
over, 350,000 (29 per cent.) wagons more thin 
35 years old which were increasingly in need of 
frequent rep.irs. In face of these claims on the 
resources of the rolling-stock industries, it seemed 
extremely optimistic to expect that the output of 
new wagons could be materially increased. Never- 
theless, the Government, determining on a policy 
to concentrate as far as possible on the exclusive 
replacement of older wagons, deemed it possible to 
increase the production of new wagons for home 
railways from the 32,000 achieved in 1947 to 48,000 
in 1948, a figure about one-third greater thin the 
average annual output for the four years before the 


TABLE I.—Unrrep KINGpoM : 





that, “‘ During the year supplies of materials im- 
proved and output . . . increased considerably. 
The output of repvired wagons and tank cars, 
excluding lubrication, brake adjusting, etc., was 
approximately 716,400—which exceeded that of 
the previous year (at that time the highest in 
the compiny’s history) by no less thin 77,900. 
During the current year, weekly output has reached 
even higher figures.” The comp ny, moreover, 
have continued to expind their works and further 
improvement miy be expected in 1949. British 
Ruilways also have had the benefit of increased 
output from their own reptir shops. Immediately 
prior to nation lisation, the railway comp -nies took 
measures to improve production. The London 
Midland and Scottish Ruilway Compwy, for 
eximple, established subsidiary rep ir depots 
wherever suitable accommod ition was available, 
and before the end of December, 1947, eleven such 
local depots were opzned. The result has been that, 
in 1948, there was a considerable reduction in the 
arrears of wagon repvirs. In January, 1949, 114,000 
wagons were under repiir (as comp red with the 
figure of 200,000 given in the White Peper). In 
1948, some 5,000,000 wagons went through the 
repiir shops. The deficiency in the number of 
wagons required to deal with current traffic, however, 
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The removal of 0-050 in. on diameter produced an 
increase in length of 0-0007 in., this being equivalent 
to an initial tensile stress of 23,000 lb. per square 
inch in the layer of metal removed. The reason for 
the stress at the outer surface of this bar being 
tensile, instead of compressive as for the steel bar, 
is not known, but is probably due to the quenching 
operation. Details of this, for the cast-iron bar, 
were not known. 

The work described above has been carried out 
as part of the research programme of the National 
Physical Laboratory, and the aiticle is published 
by permission of the Director. 
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Timber Engineers’ Handbook. Edited by PROFES:OR 
Howarp J. HANSEN. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
(Price 10 ,dols.}; and Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [Price v0s. net.) 

THE opening sentence of Professor Hansen’s preface 

makes curious reading to the British engineer of 

to-day, for he begins by drawing attention to “ the 
advancement made in the past ten years in the 
utilisation of wood as a structural material”; in 
the British Isles, the endeavour has been to avoid 
using wood wherever some substitute material could 
be employed. There are still countries, however, 
where timber is one of the principal structural ma- 
terials and it is primarily for the engineering residents 
therein that this book has been compiled. Pre- 
sumably, the probability that many users of timber 
for structural purposes are out of reach of libraries 
and other sources of reference is a main reason for 
the inclusion of a good deal of material (bending- 
moment diagrams, etc.), which is to be found in 
most elementary text-books on structures ; but the 
book is not overloaded with such matter, and there 
are obvious advantages to the engineer on a remote 
site in having all the relevant data at hand in a 
single volume. The greater part of the text is, in 
fact, strictly germane to timber, and is of a highly 
practical character. Free use is made of isometric 
projection in the illustrations of structures, methods 
of jointing, etc., and there could be no better exam- 
ples of suitable occasions for its use. The English 
reader may find himself rather at sea among the 

American technical terms and abbreviations, but 

there is an excellent glossary to guide him; we 

notice incidentally, that the familiar terms “‘ plank ” 

“deal”? and “ batten ” do not figure in it. More 

than half of the book is occupied by a table of 

uniformly distributed loads covering spyns from 

3 ft. to 50 ft., and fibre stresses from 950 lb. to 

2,400 lb. per square inch ; and there are numerous 

other tables, covering most needs of the constructor. 

















Main-line Industrial Coaches and Wagons 
Locomotives. Locomotives. Rail Motor Vehicles. agous. 
Total. For Export. Total. For Export. Total. For Export. Total. For Export. 
| 

1935 738 141 a | — 2,043 _— 29,328 _ 

1944 1,070 _ 45 | _ 235 — 21,304 - 

1945 786 139 43 — 434 — 27.751 _ 
1946 726 358 70 24 887 15 39,354 11,389 
1947 608 225 75 | 35 1,346 124 33,115 5,848 
1948° o- 487 204 72 } 27 1,035 140 34,090 3,081 
1947—October 71 36 4 | 6 138 21 4,119 799 
November 49 19 5 | 3 100 15 3,349 710 
December . . 65 25 ) | 6 122 8 3,632 5538 
1948—January 44 21 4 | 1 110 12 3.926 392 
February .. 50 18 5 j 1 94 14 3,454 358 
March 58 26 10 6 107 4 3.871 361 
A - 60 26 14 } 10 134 13 4,181 382 
y ee 58 21 8 2 119 18 3,790 229 
June 65 29 7 1 146 22 4,350 811 
July 44 20 ll q 123 17 3,084 249 
August os 41 18 6 — 103 15 3,483 366 
September. . 67 25 7 2 149 15 3,951 433 























* January to September. 


TABLE II.—Unrrep Kinepom: EXPORTS OF WAGONS AND TRUCKS. 




















Eleven Months Ended November 30. 
Eleven-twelfths 
of Year 1938. 
1947, 1948. 
Value. Value. | Value. 
. Tons. (£1,000.) Tons. (£1,000.) Tons. ! (£1,000. 

British West Africa on 4, 202 1,432 156 2,622 : 227 
Union of South Africa .. 16,467 600 933 | 63 4,936 331 
Southern Rhodesia 5,178 228 3,410 255 4,222 348 
India, Pakistan,etc. .. 2,555 104 11,413 733 1,871 117 
Other British Countries 5,228 266 8,150 678 21,438 1,835 
France oe si 14 1 591 36 16 | 1 
Egypt 2,958 102 9,012 542 | 1,493 110 
Burma 107 3 23642 274 6,451 | 532 
Brazil oe +“ 1,488 58 8,399 663 601 67 
Argentina ee es 4,623 211 970 74 4,427 } 410 
Other Foreign Countries 3,022 146 15,459 1,284 3,488 | 393 
Total 45,644 1,921 62,916 4,758 51,565 | 4,371 














war. High priority for steel and materials was 
given to wagon construction, and coal wagons were 
placed on the Prime Minister’s List. 

From Table I, herewith, it will be seen that the 
total output of wagons in 1948 is notlikely to have 
exceeded that of 1947—well below that achieved in 
1946 ; that a larger number of wagons became avail- 
able to home railways in 1948 as comp red with 1947 
was entirely due to a decline in exports of the order 
of 2,000 wagons. Even so, the intake is likely to 
have been 4,000 below the target figure. In the light 
of the shortage of labour with which mnufacturers 
have had to contend, and when considered in 
relation to the volume of rep:ir work dealt with 
during the year, the frilure to achieve the target 
output for new wagons is not surprising. 

Both private manufacturers and railway work- 
shops reported a considerable increase in their 
output of wagon repiirs. Sir Leslie Boyce, K.B.E., 
the chairman of Wagon Repuirs, Limited, speaking 
at the annual general meeting in August, and 








referring to the year ending March 31, 1948, said 





must still be considerable when allowance is made 
for outworn wagons going out of service during the 
year—probably not much less thin the 100,000 
estim ted by Sir Stafford Cripps at the end of 1947. 
In later years, the policy of stind srdising rolling 
stock, announced at the beginning of January, 
my help mvterially to increase output. Mineral 
wagons, for instance, are to be stindirdised at 16 
tons capwity and graduilly the capscity of all 
freight wagons is to be increased. 

The advantage which the British railway system 
his gtined at the exp2nse of exports is not an 
unmixed blessing. Table II, herewith, records an 
increase in exports to the British Empire and 
Commonwealth, but it also shows a docline to the 
countries of West-rn Europ: (exports to Fr ince, for 
instance, were valued at less th.n 1,000/.) and the 
long-term prosperity of the United Kingdom is 
bound up with th»t of those countries, Tuble III, 
on pge 124, published by the Organisation for 
European Economic Co-operation, underlines the 
seriousness of the wagon shortage in Western 
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Europe ; moreover, the shortage of steel and timber 
makes it unlikely that the production targets of the 
Western European countries can be achieved. The 
most serious aspect is the state of the German railway 
system, which has the highest proportion of unser- 
viceable wagons, and it is on this system that the 
0.E.E.C. countries must depend to bring the 
essential supplies of coal and steel from the’ Ruhr. 
The deficit is to be made good in part by the United 
States, which expects to send 26,000 wagons over 
the four years; but the United States is also short 
of wagons and, apart from small quantities available 
from Canada, no source is known which can cover the 
remainder of the deficit. It seems, therefore, that 
the recovery of the Western European countries 
may be impeded by lack of railway wagons. 

Carriage building did not enjoy such high priority 
as wagon building in the investment programme for 


TABLE III.—O.E.E.C. Countries and Western Europe: 
Production and Requirements of Railway Wagons 














(Thousands.) 

| Total, 
‘oa 1948. | 1949. | 1950. | 1951. Four 
ears. 

ti ] ! 

Productive 

capacity! 112 | 156 176 177 | 621 
Requirements | 159 | 1098 190 177 | «724 
Deficit.. ..| 47 | 42 14 asthe 103 








Britain. The White Paper on Capital Investment 
recognised that about 12,000 coaches (about 20 per 
cent. of the total stock) were over 35 years old, but 
stated, “ The justification for a high rate of replace- 
ment is not so strong as that for wagons, and it 
has been decided to limit the programme for the 
home railways for 1948 to the present output of 
1,000 coaches per annum.” Table I shows that this 
level of production will probably have been slightly 
exceeded when final figures for the year become 
available. Up to the end of September, 945 coaches 
had been produced for home railways. The 
restriction in output of coaches. available to the 
home market enabled coach builders to make a 
valuable contribution to the export drive. Table 
IV, on this page, shows that exports in 1948 have 
more than doubled as compared with 1947. For 
1949, there is a prospect of still higher output of 
coaches, and it may be possible to improve the 
allocations to British Railways as well. as to increase 
exports. The output of the railway carriage works 
at York, where, in mid-1948, three coaches a week 
were being produced, is to be more than doubled 
when the factory, which replaced that destroyed by 
fire in 1944, is operating at full capacity. New 
methods of prefabrication are being used there, and 
the coaches are built in progressive stages on an 
assembly line. The standardisation of coaches 


announced in January, 1949, will, in the longer | !%48 


term, result in higher output. Trials have taken 
place in connection with the designing of a coach 
which will be able to go anywhere on the railway 
network. At present, the varying local conditions— 
for example, differences in the widths of tunnels— 
make this impossible for all but a few types. Prelimi- 
nary plans for a basic all-steel coach which will be 
stronger and lighter than existing types have been 
prepared, but it is not expected that the new coach 
will go into production much before 1951. 

The shortage of locomotive; on Br tish railways 
is herdly less serious than that of wagons. At the 
end of 1947, 8,000 locomotives, or about 39 per cent. 
of the total, were considered over-age. The White 
Paper on Capital Investment pointed out that, of a 
stock of 20,500 locomotives, 3,750 were awaiting 
Teptirs at any one time, as compared with 3,300 
in 1939, and announced that “The full railway 
programme of nearly 600 new locomotives for 1948 
is to proceed. The average intake for the four 
years before the war was 488.” This presumably 
meant that it was intended ‘to build 600 new loco- 
motives for home railways, but, if so, the figure has 
proved somewhat unrealistic. In 1947, an interde- 
partmental ‘‘ working party ” examined the future 
locomotive requirements of the British ralway 
system and estimated that it would be possible to 
provide 450 locomotives in 1948, 590 in 1949, and 
782 in each of the years 1950 and 1951. Table I 


British Railways are not likely to have received 
more than 320 locomotives in 1948, as compired 
with 383 in 1947. Apart from shortages in steel 
and labour, the decrease in output is to be accounted 
for by the volume of repiir work which had to be 
undertaken during the year. The growth in the 
ineidence of breakdowns as a result of the increasing 
age of the locomotives in service, coming on top of 
big arrears of repxirs inherited from previous years, 
put a heavy strain upon the resources of railway 
workshops. Some measures were taken to relieve 
the situation, but these were necessarily limited in 
scope. Four Royal Ordnance factories undertook 
the production of spires and components; and 
arrangements entered into at the end of 1947 
provided forsome major repxir work on Austerity 
locomotives to be done at the Scotswood works of 
Messrs. Vickers-Armstrongs Limited, Newcastle-on- 


_PEB. I1, 1949. 


was far below official expectations. A target of 
10-91. millions (for locomotives and parts) was set 
for 1948, as comp.red with an output for export 
(at prices ruling at the end of 1948) of 51. millions 
in 1947; but, in fact, up to the end of November, 
only 7-651. millions. had been produced for export, 
as shown in Table VI, on this page. The output of 
private builders for home railways is also likely to 
have been below the target of 3-31. millions. The 
deficit for the year, however, should not have been 
more than 250,0001., which suggests that some 
priority was given to the relatively small proporiion 
of output for home railways. 

The reasons for the low rate of output were given 
in May by Mr. F. 8. Whalley, the chairman of the 
Vulcan Foundry, Limited, Newton-le-Willows, when 
he referred to the company’s contribution to the 
export drive “...it could do much more if the 





TABLE IV.—Unirep Kinepom: EXPORTS OF CARRIAGES, Rat. MOTOR VEHICLES AND TRAM CARS. 





Eleven-twelfths 








| Eleven Months Ended November 30. 
| : 


















































— of Year 1938. iz 
1947. 1948. 
| ! ! ' | 
| Value. Value. | Value. 
’ | Tons, (£1,000.) Total. | (£1,000.) | Total (£1,000.) 
Carriages complete me bie a --| 1,994 255 1,956 | 669 2,676 i 895 
Rail motor vehicles and tramcars_.. --| . . 2,605 502 1,047 | 393 | 4,587 | 1,525 
Parts (except axles, tyres and wheels) <2 4,120 538 2,009 424 | 3,924 656 
Total oo oe ae ee | 295 5,012 | 1,486 | 11,137 | 3,076 
| 
TABLE V.—Unrirep KInGpoM: EXPORTS OF MAIN-LINE LOCOMOTIVES AND PARTS. 
: ‘ " 
| January to November. 
Lae | Eleven-twelfths ™ eee ce ee See 
of Year 1938. P 
| 1947. 1948. 
| Value. | Value. Value. 
Tons. (£1,000.) Tons. (£1,000.) Tons (£1,000.) 
Union of South Africa .. ‘ 3,481 358 14,363 3,122 10,238 2,396 
India, Pakistan, etc. A 1,128 110 4,559 601 515 106 
British Malaya .. oy 2s] — — 490 110 | 849 | 308 
Other British Countries .| 3,574 404 2,451 505 3,837 854 
Foreign ntries < et 5,429 574 734 123 12,949 2,453 
Steam 13,197 1,380 21,021 | 3,828 | 24,721 | 4,774 
Other ‘ aig ; 415 66 1,576 633 3,667 1,343 
Total complete locomotives 13,612 1,446 22,597 4,461 | 28,3838 | 6,117 
Parts aa ia = 7,670 1,020 10,649 2,157 9,663 2,209 
Grand total ia ‘ .| 21,282 2,466 33,246 | 6,618 | 38,051 8,326 
! 1 














TABLE VI.—United Kingdom: Deliveries of Locomotives 
(including Parts) by Private Builders (Monthly Averages 
Value, £1,000). 





| 








Export as 
_— Total. For Export. | Percentage 
of Total. 
1947 .. os os 604 382 63-3 
» ae oe 959* 695* 72-9° 
1947—-October 782 541 
November .. 321 
December... 750 449 61-5 
1948—January os 921 603 
February 812 484 
March. . 1,062 759 66-0 
April .. 1,088 760 
Phe 932 610 
June .. 1,101 884 72-2 
July .. 632 
August 662 536 
September 801 752 84-7 
tober és 1,203 854 
November... 1,161 776 68-9 
Total deliveries 1948 10,547* 7,650* 72-9 














* First eleven months. 


Tyne. Outside the railway workshops, however, 
there are few facilities for the complete overhaul of 
locomotives. The works of the private builders of 
locomotives, in the main, are not equipped for this 
purpose, and their contribution to repair work has 
consisted largely of the supply of spares and 
components. 

Since most of the output of the private builders 
is for export, exports have been maintained better 
than production for the home market. Table I 
indicates that, in terms of numbers, production for 
export in 1948 was at about the same level as in 1947. 
From the Trade and Navigation Returns (see Table V, 
herewith), it appears that there was a considerable 
increase in both the tonnage and value of exports 
in the first eleven months of 1948 as compared with 





shows that even this figure was over-optimistic ; 





necessary supplies of material were available. The 
seriousness of the situation was represented specially 
to Sir Stafford Cripps ; after he had announced the 
export drive, we pointed out that, in spite of the 
evident importance of export orders on our books, 
the steel suppliers had been unable to meet our 
requirements, and, as a result, our production had 
been steadily dropping and we were faced with 
short-time working and the consequent loss of 
skilled men. I am sorry to say that, in spite of these 
representations, this situation obtains to date.” 
This was echoed by Captain Hugh Vivian, chairman 
of Beyer, Peacock and Company, Limited, at their 
annual general meeting in June, when he said, 
‘* With the present emphasis on increased production 
for export, it might be reasonable to assume that 
any company working almost exclusively for overseas 
customers would have such high priority for labour 
and materials that the domestic problem would be 
the concentration of effort towards the greatest 
possible output from readily available supplies. 
This has not been our experience. We have daily 
had to face problems of supply far more difficult than 
ever before. The executive time which has had to 
be expended in this direction is greatly in excess 
of what should be necessary for the output volume 
required.” The point of view of these representa- 
tive speakers is easily understandable, but it tends 
to underestimate the difficulties of a Government 
faeed with a multitude of claims upon a limited 
supply of steel and manpower ; not the least among 
these claims are those of rolling stock for home 
tailways. The steady improvement in the output 
of steel since the middle of 1948 (when these chair- 
men were speaking) should take some of the force 
from their criticisms in 1949. 

World demand for locomotives shows no signs of 
diminishing; the difficulty confronting British 
manufacturers has been to keep up with the urgent 





1947, The rate of production for export, however, 
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requirements of their customers. South Africa | for 30 was shipped to Brazil by the Metropolitan- 


continued to be the principal market io 1948, and 
is likely to remain so in 1949. In September, an 
order for 40 electric locomotives, weighing 132 tons 
each and costing in all about 1-75l. millions, was 
placed with the North British Locomotive Company, 
and the General Electric Company, who are co- 
operating in building this type of locomotive. In 
the longer term, sales to South Africa are likely to 
fall off. The locomotive requirements of the rail- 
ways there have been far in excess of the numbers 
it has been possible to import ; of the 387 new steam 
locomotives which it is hoped to put into service, 
only 100 had been supplied by the beginning of 1948. 
It was decided, therefore, to start production 
locally. Initially, twelve heavy shunting engines 
were to be constructed, entirely of South African 
materials, to cost 15,0001. each and weighing 144 
tons in full working order. Eventually, the Railway 
Administration hope that South Africa will be able 
to supply the whole of Africa with locomotives. 

There was a substantial increase in exports to 
many of the other Commonwealth and Empire 
countries in 1948. The value of exports to Malaya 
was nearly three times as great as in 1947. Con- 
siderable progress is announced in the supply of 
locomotives to Rhodesia, where copper output 
has been seriously restricted by the shortage of 
rolling stock. Messrs. Beyer, Peacock and Company 
reported in October that ten of the 60 heavy articu- 
lated ‘“* Beyer-Garratt ’’ engines ordered by the 
Rhodesia Railways had been delivered and that a 
further 20 were due for shipment before the end of 
the year. The Vulcan Foundry was building 20 
locomotives of special design for Nigeria. The 
Nigerian Railways are also to receive a number of 
locomotives from the North British Locomotive 
Company; in October, an order for nine supple- 
mented an existing order for 43. Another important 
Commonwealth order on the books of that company 
is for 50 steam locomotives, to cost over 11. million, 
for the Government of Victoria (Australia). 

The decliné in exports to India, and also to South 
Africa, is largely the result of the inability of manu- 
facturers to give speedy delivery. In many markets 
—particularly the important ‘ hard-currency ” 
markets—this factor is more important than price, 
and British makers have lost orders. In November, 
1947, Canada secured a contract to the value of 
13-5 million dols. from the Indian State Railways 
for 150 locomotives, and yet Canadian costs are 
known to be substantially above the British 
(although fiot now as much as 50 per cent. higher, 
as they were estimated to be during the war). In 
September, 1948, the Indian Railways asked 
British manufacturers to reserve capacity for an 
order worth 6-5/. millions ; but it has since gone 
to the United States, where quicker delivery was 
promised. Argentina, too, has tended to favour 
American manufacturers at the expense of their 
British competitors. The slow rate of delivery 
may be responsible for the cancellation of the 
21. millions order placed with the Vulcan Foundry 
and the North British Locomotive Company nine 
months previously ; but it may also be a political 
move, possibly with the object of enabling Argentina 
to secure more favourable terms in future trade 
agreements. The manufacturers of locomotives (and 
of capital goods in general) do not fit happily into 
Government bilateral trade agreements; negotia- 
tions with primary producing countries for éssential 
food supplies, in many cases, are successful only 
where immediate delivery of locomotives is promised. 
Manufacturers are then called upon to revise their 
production programmes and to give priority to the 
countries concerned. For the tinian order, 
output programmes for 1949 had to be replanned 
so that delivery could be given at the end of 1949. 
The firms concerned have plenty of work on hand 
to take the place of the cancelled order, but the 
incident brings out the hardships which may be 
imposed upon manufacturers when, in the interest 
of a bilateral pact, they are asked to sacrifice the 
trade of old and valued customers and to undertake 
an order which, in all probability, will not be re- 
peated, and may even be cancelled. 

There was a marked increase in exports of electric 
and Diesel-electric locomotives in 1948. In Decem- 
ber, 1947, the first electric train unit out of a contract 


Vickers Electrical Company. In February, the 
first shipments of the 2/. millions contract of the 
English Electric Company with the same country, 
in connection with the complete electrification of 
an 85-km. main line (including provision of rolling 
stock), were dispatched. Successful competition 
in overseas markets will depend in future upon 
ability to supply increasing numbers of Diesel-electric 
locomotives. The industry has shown itself alive to 
the need, and several manufacturers have taken up 
this type of production. 

There are, however, definite limits to the employ- 
ment. of Diesel locomotives. A paper read before 
the Diesel Engine Users Association by Mr. T. 
Hornbuckle suggests that the advantages of the 
Diesel-electric type will justify the extensive 
displacement of steam locomotives only where 
one-man operation is possible, where there is 
difficulty in providing suitable water, and where 
oil is more readily obtainable than coal. These 
conditions are satisfied in many overseas countries. 
In Britain, however, the steam locomotive is likely 
to hold its own for some time, although British 
Railways are undertaking extensive research on 
other forms of traction. Trials are proceeding 
on about twelve different projects, varying from 
ordinary Diesel-electric locomotives to a gas-turbine 
engine, delivery of which is expected in July. It 
will be some years, however, before any substantial 
departure from existing traction methods is 
practicable. 

The standardisation policy announced in January 
is a long-term one by which it is proposed to reduce 
the number of types of locomotives from 400 to 12. 
It is designed to reduce maintenance and repairs 
to a minimum and to help to increase the rate of 
output for home railways. The object is also to 
raise the average speed of all trains rather than 
run a few high-speed e Designs are well 
advanced for the first two standard steam loco- 
motives, but they will not go into production much 
before 1951. Both are of medium power, one for 
passenger trains and one for mixed traffic. They 
are said to be hybrids in appearance, rather like 
present locomotives though conforming more to 
the North-Eastern than to other types, but with 
special features of their own. The cabs are de- 
signed so that the driver can reach every control 
without moving from his seat. A single type of 
Diesel shunting locomotive is to be produced. In 
the development of this new range of standardised 
locomotives the new locomotive testing station at 
Rugby should be of particular value. An illustrated 
description of the station and plant appeared on 
pages 462 and 487 of the 166th volume of Enat- 
NEERING (1948). 


programme at present being undertaken by British 
Railways can bear fruit. For 1949, the increase 
in output to be expected as a result oi the improve- 
ment in supplies of steel will be fairly modest, and 
it is unlikely that gross investment by the railways 
will rise much before 1952. In 1948, it is estimated 
to have been about 1501. millions ; in 1952, according 
to the Memoranda submitted to the Organisation 
of European Economic Co-operation, it will probably 
be 200/. millions, the additional investment in 


is to be hoped, however, that a higher allocation 
of steel will make it possible for locomotive manu- 
facturers to quote quicker deliveries for export and 
thus avoid losing custom in the most valued markets. 





ELECTRIC WINDER FOR JOHANNESBURG.—Electrically- 
operated winding plant for raising men, rock and 
material from a depth of 3,435 ft. has been put into 
service recently at No. 16 shaft of Crown Mines, Limited, 
Johannesburg. The winder is provided with two drums, 
14 ft. in diameter and 5 ft. wide, which are driven from 
the main shaft througha clutch. The maip shaft itself is 
rigidly coupled to a 650-volt direct-current motor with 
an r.m.s. rating of 2,140 h.p., and a peak rating of 5,350 
h.p. at a speed of 57 r.p.m. This motor is controlled by a 
Ward-Leonard set, consisting of a motor-driven generator 
with an r.m.s. output of 1,700 kW and a peak output of 
4,240 kW at a speed of 500 r.p.m. An average of 170 
tons of rock per hour can be raised, when winding at 
a speed of 2,500 ft. per minute. The electrical equipment 





was manufactured by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2. 


Some years must elapse before the research. 


rolling stock being of the order of 151. millions. It F 


THE ROGERSTONE ALUMINIUM 
WORKS, SOUTH WALES. 


In August, 1939, work was commenced on the 
building of a new factory for the production of 500 tons 
of aluminium sheet a month, a material then urgently 
needed for aircraft in connection with the re-armament 
programme, on a site chosen by the Government at 
Rogerstone, Ebbw Valley, Monmouthshire. The site 
has an interesting industrial history for it was there 
that, in 1772, a copper works was built he Royal 
Mint Company, among the ruins of a Twelfth-Century 
castle. Subsequently, steel and tin-plate works 
were installed there, and these were afterwards taken 
over for the production of rod, wire and nails; but, 
between the wars, the works fell into disuse and 
the buildings became derelict. On being approached, 
the Northern Aluminium Company, Limited, Banbury, 
Oxfordshire, accepted the Government’s invitation to 
erect and equip the new works at Rogerstone, which 
has gas, electricity and water services, and is near 
main railway lines and the extensive docks of the Bristol 
Channel. Excavation work had been started and the 
foundations laid when war broke out, and the company 
received instructions to proceed with all possible speed 
and to treble the capacity of the plant. In consequence, 
the layout was replanned and a very large three-stand 
cold-rolling mill ordered. Forty local men were sent 
to Banbury for a course of instruction, and, in spite 
of difficulties in obtaining machinery, and other set- 
backs, the first ingot was cast in the melting shop on 
January 9, 1940, only 17 weeks after operations had 
begun. On May 1, 1940, the first sheet was produced 
in the rolling-mill department. Subsequently the 
expansion of the works was rapid and continuous, and, 
by December, 1941, 5,500 men and women were 
employed. Of the men, 250 had been trained at 
Banbury, and returned to Rogerstone to give instruc- 
tion, in their turn, to new employees. Further expan- 
sion took place during 1942 and 1943, until a peak 
employment figure of 8,000, more than half of them 
women, was reached. At this time the total output 
was 4,500 tons a month, consisting of aluminium sheet, 
extrusions and a wide variety of other products used 
in the construction of aireraft. 

The end of the war brought a slump in the output ; 
uncompleted contracts were cancelled and the number 
of new orders declined considerably. A period of recon- 
struction followed, during which the resources of the 
plant were adapted to peace-time production and after a 
comparatively short period it was found that the 
demand for aluminium products would be greater 
than had been anticipated. Of the ten extrusion 
presses which were in operation during the war, nine 
are now working, and, at present, there are sufficient 
orders to maintain them in operation for many months. 
At the present time, sheet and extruded products are 
being turned out in large quantities for the motor-ear 
industry and for the construction of school classrooms 
and other structures, while 30 per cent. of the output 
is being exported to be used in building construction 
abroad. The demand for aluminium corrugated sheets 
from overseas is particularly heavy. The output of 
the Rogerstone plant is now 4,000 tons a month, and 
the employees number 4,500 men and 450 women. 
These figures do not include technicians and adminis- 
trative staff. 

When, in 1946, the Government decided to dispose 
of plants such as that at Rogerstone, which had been 
operated on a rental basis, the Northern Aluminium 
Company, Limited, decided to purchase the works. 
The Government, however, still furnish the raw 
material which they obtain from Canada in the form 
of ingots and slabs and sell to the company. In the 
past two years, works methods have been reorganised 
to meet the more stringent competitive conditions of 
-time. and this reorganisation has already resulted 
in a considerable increase in productivity. The fact 
that the peak war-time monthly output of 4,500 tons 
was produced by 8,000 employees, while the present 
monthly output of 4,000 tons is accomplished with 
fewer than 5,000, indicates this clearly. A joint 
production committee was established in 1942 and 
continues to function successfully. In a note issued 
by the Central Office of Information, Wales, 19, 
Cathedral-road, Cardiff, it is stated that extensions 
are in progress to make the plant one of the largest of 
its kind in the world. On part of the hundred-acre site 
now owned by the company, hot-rolling equipment 
and a continuous aluminium strip mill is being built. 
An annual output of 50,000 tons of aluminium-sheet 
products is envisaged for 1951, and, if markets are 
available, further expansion is planned to enable the 
output to be increased to 150,000 tons a year. The 
magnitude of this project, it is pointed out, will be 
appreciated when it is remembered that, at the height 
of the war-time production, the greatest combined 
annual output of aluminium sheet from all plants in 
the United Kingdom was approximately 100,000 tons. 





This new development, it is added, represents a capital 
expenditure of over 3,000,000/. 
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INDUSTRIAL DESIGN AND THE 
ENGINEERING INDUSTRIES.* 


By M. Hartianp THomas. 


In engineering, design does not commonly refer to the 
functional qualities of efficiency and convenience in 
use, but is more often attached to the exercise of 
mechanical ingenuity. Very wide definitions of engin- 
eering have been suggested, but in the present discussion 
the subject is limited to what is understood by the 
term in everyday speech; that is, something with 
mechanism or machinery in it or using electricity, 
levers or optics. In order to maintain the design idea 
throughout the discussion, the engineering industry is 
classified by the use of its products. There is more 
affinity between different kinds of products for similar 
uses than there is between the different uses of similar 
products. For example, there is more affinity between 
electric, gas and solid-fuel cooking ovens than between 
an electric oven and an electric paint-drying plant. 

The engineering industries may be regarded as 
working for four broad departments of a design for 
living: home, work, recreation and transport. For 
the home, engineering produces small mechanical equip- 
ment, such as radio, vacuum cleaners, sewing machines 
and refrigerators. For use at work the products are 
machine tools, agricultural and mining machinery and 
instruments of production of all kinds. For recreation 
there are such things as cinematograph apparatus, and 
for transport we have vehicles to go by land, sea or air, 
while the engineering services comprise gas, electricity, 
water, sewage and telephones. The sub-division of the 
engineering industry into these different fields of use 
brings out the different aspects of design on which 
stress should be laid. In engineering for the home, 
the accent should be on appearance, cost and simplicity 
in operation. For work, it should be on productive 
efficiency and easy maintenance. For recreation the 
accent is on modernity ; and in yr Se 
with speed, and the appearance of s as the chi 
components of fashionableness, balanced by economy 
in operation, particularly in fuel consumption. For 
public services, the chief requirement is reliability. 

The designer’s data tend to fall into groups. First 
there is the function that the apparatus is required to 
perform. Then there are considerations of cost, 
manufacture and convenience of production, as well as 
reliability and ease of maintenance. Considerations 
of function include not only the machine and its per- 
formance, but the relation between the machine and 
those who use it. The operator’s point of view is most 
important in the design of domestic appliances and is 
also desirable in the case of factory plant; for if 
machinery is designed in relation to simplicity and 
convenience in use, the factory manager’s problems are 

greatly eased by making it unnecessary always to 
employ highly-skilled operators. Design considerations 
in this case include identification of controls by shape, 
position or colour, the correct height of seats above the 
floor, and the dimensioning of machinery in the light 
of time and motion studies, so that oz comply with 
the scope of a person’s reach when lifting a certain 
weight. The effect of functional considerations on 
machine-tool design can be taken as a typical example 
of many others, as it involves the techniques of other 
branches of engineering, such as electric motors, 
electronic-control devices and optical instruments. 
It produces capital goods for use in factories, but it has 
often to be operated by semi-skilled employees. 

The engineer-desi receives a demand for, say, 
a machine to drill both sides of a crankcase in one 
operation. He must break down this demand into 
components of motion, and the forces and time factors 
must be calculated. These must be reduced to 
terms of obtainable components, many of which are 
already standardised and should therefore be easily 
replaceable. The current supply position has to be 
considered, as must the demands that he is going to 
make on the skill of the engineering craftsmen. The 
design must then be built up in terms of sub-assemblies 
and combinations of them, which must be carefully 
proportioned for the smooth flow of production. The 
whole design needs to be considered for its demands 
upon factory space and upon services, such as electricity 
or compressed air. At some stage in this process 
considerations of cost must enter, but it is important 
not to impose actual costing too early, for designing is, 
above all things, a process of integration rather than 
analysis, If too much costing is added before the 
design element is sufficiently developed, accident rather 
than design will be the result. The search for economy 
of means, however, should begin at the earliest ; 

The designer should always remember that his 
product must sell, the minimum requirement being 
that profits on sales should cover the cost of design 
and research work. Saleability depends chiefly upon 
the customer’s appreciation of what is being offered. 
The product should be designed so that its convenience 
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and excellence of performance are clear from its 
appearance. The retailer may cling too long to an 
outmoded design, with the unfortunate result that the 
designer is forced to conceal a technical novelty in 
conventional trappings. Fortunately, there is a strong 
tendency in the opposite direction, particularly in the 
field of engineering design. Many people take a pride 
in new apparatus. This should be stimulated, since the 
operator's pride in his equipment is a dominant factor 
in its efficient use. As regards maintenance, the British 
reputation for quality rests largely upon low running 
cost, accessibility and easy fault-finding. The designer 
would normally prefer it that way, but he is often 
forced to lower his standards in favour of competing 
with other products upon a cost basis. He can, 
however, take no absolute line in any aspect of his 
problem, for design must be a compromise. 

The design process consists in assessing such factors 
as the consumer’s present and future requirements, 
the likelihood of attracting custom within a certain 
price range in specific markets, and the possibility of 
production in a certain group of factories by using a 
particular range of materials. All this is first done 
analytically by giving each factor its proper weight. 
These factors must then be collected, and this is the 
essence of the designer’s work. The process becomes 
analytical again when the proposed solution is checked 
against the data. Although mathematics can assist in 
presenting design data and in checking the results, it 
can never provide design solutions. Between the 
assembly of data and the final check there is always a 
leap in the dark. The designer has a “ hunch ” that a 
certain solution will work and he tries it, Even in a 
purely technical job, the designer must try something 
that he believes should work. Calculation can never 
lead him all the way to a design. Designers fall into 
two large fraternities, the difference between which 
is not in the essential act of design, but in the method 
of assembling data and checking tentative designs. 
The one uses scientific methods and the other employs 
cultivated taste, as when an artist, who has sketched 
out a design, steps back and has a look at it as a whole ; 
but it is not ps the artist who steps back and has a 
look. Sir Geoffrey de Havilland has said that in 
aeroplane design if a thing does not look right to the 
practical eye it often proves a, on test, although 
no fault can be found with it by calculation. There is 
no suggestion that intuitive processes should be used 
where methodical ones are successfully employed, but 
if both kinds of designer would realise that they practise 
the same creative act in common one would no longer 
be ashamed of the artistic element in their work, but 
would cultivate good taste, while the other would 
become more methodical in assembling their data and 
in checking their results. 

In this connection, the present degree of specialisation 
in engineering training and practice is a grave weakness. 
There seems to be no learned or professional body, 
even in the technological field, which is concerned with 
whole designs. Technical and scientific bodies all 
appear to deal with isolated techniques which can be 
repeated as controlled experiments. What is wanted 
is a change of attitude in the manner of teaching. Let 
the engineer realise that he has been something of an 
artist all the time, but has for some reason been 
ashamed of it. He will then form the habit in his 
studies and in his practice of relating the parts to the 
whole ; and his learning in fundamental principles, in 
methods of acquiring new knowledge, and in the 
 cagpesten ed techniques in which he has specialised, will 
accorded their appropriate places in a larger scheme 
of things with the parts related to the whole. The 
synthesis that is required is broader than the mere 
collection of different engineering techniques, even 
with the addition of certain outside skills. It is an 
industrial synthesis which includes the contribution of 
management or leadership. If the designer of a 
product must take into account such things as the 
materials available, the machining and methods of 
production, the welfare of the operators, costing and 
sales techniques, the converse of the proposition is true, 
namely, that those who are esabey concerned with 
these factors are also concerned with design. 
Design, then, is a function of management. Sir 
Henry Tizard has emphasised that the greatest oppor- 
tunity for advance open to the British industry lies in 
the more ready utilisation of known techniques. This 
is a design problem. The leadership of design should be 
at director level, so that its voice can be heard when 
original and definitive decisions are being taken. The 
design staff should not be isolated, but should have 
frequent contact with management and a at 
all levels. Many good ideas come from the bench and 
many good designs can be spoiled at the same place. 





Om REFINERY AT ANTWERP.—A new oil refinery, 
capable of dealing with 30,000 barrels of crude oil a 
day, is to be built at Antwerp, Belgium, by la Société 
Industrielle Belge des Pétroles. It is expected to be in 
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NOTES FROM SOUTH AMERICA. 


Great Brirarn has already commenced negotiations 
with both Argentina and Brazil for new trade pacts to 
replace the short-term agreements which operated 
during 1948. Discussions with Brazil are expected to 
proceed with traditional smoothness, but negotiations 
with Argentina are likely to be difficult, though a 
successful outcome is fairly certain. The bilateral 
character of modern international trade makes Britain 
and Argentina even more mutually inter-dependent 
than in the old days of multilateral or “ triangular ” 
trade. The United Kingdom is the only country 
which, in normal times, simultaneously buys immense 
quantities of Argentine farming produce and also sells 
the raw materials and manufactured goods that 
Argentina needs. Being now very short of dollars, 
Argentina must necessarily look increasingly to sterling 
sources of supply for fresh imports, especially capital 
a for the Five-Year Plan, which has now 
reached its half-way stage. Under the Plan, important 
contracts continue to be awarded to British and other 
foreign firms for factory and railway equipment, road- 
transport vehicles, aircraft, etc., while the Argentine 
Merchant Marine is being greatly expanded. The chief 
lines of British exports to Argentina during the first 
ten months of 1948 were vehicles (including locomo- 
tives, ships and aircraft), machinery, iron and steel, and 
manufactures of those materials, and coal. 

The Argentine Government recently decided to 
standardise the gauge of the Argentine railways, and 
a committee has been appointed to recommend the 
means of doing this gradually. All forms of transport 
are now controlled by the new Secretariat of Transport, 
which frequently invite tenders, such as that recently 
for Diesel locomotives, etc., for the construction of the 
Argentine-Bolivia Railway. Shortage of fuel is Argen- 
tina’s pressing problem and prior attention is being 
given to the development of coal mining and oil pro- 
duction. Over 250 million pesos is being spent by the 
Argentine State Railways on building a line from the 
Rio Turbio coal mine, in the Territory of Santa Cruz, 
to the port of Santa Cruz. The downward trend of 
production by the Argentine State Oilfields, which 
occurred during the war owing to lack of oil-drilling 
machinery and spare parts, has now been reversed. 
Work on developing new oilfields and pipe lines is 
progressing, and the State Oilfields have signed a 
contract with the North American firm of Kellogg 
Pan-American Corporation, for the construction near 
Buenos Aires of what is described as the largest and 
most modern petroleum refinery in South America. 
It is proposed to purchase from the Italian firm Dal- 
mine §8.P.A., of Milan, 20,000 tons of seamless steel 
tubes for the gas pipeline from Comodoro Rivadavia 
to Buenos Aires. 

Schemes for widespread hydro-electrification in 
Argentina continue to be pressed forward. The 
Government have just authorised the expenditure of 
about 12,000,000/. on such works, to be carried out 
under the Five-Year Plan, including allocations for 
dams, irrigation, river works, rural drainage, machinery 
and equipment, hydro-electric and other power sta- 
tions, transmission lines, and electrical equipment. 

Intensive efforts continue to be made in Brazil to 
foster power resources, transport, basic manufacturing 
industries, etc., for which purposes very large loans 
and technical assistance are forthcoming from the 
United States; for example, the International Bank 
for Re-Construction is to make a loan of 75 million 
U.S. dols. to the Brazilian Traction Light and Power 
Company for the improvement of the public-utility 
services Re ang in the Rio de Janeiro and Séo Paulo 
areas. cials of the United States Steel Corporation 
are visiting Brazil to investigate the ibility of 
exchanging North American coal for Brazilian iron ore, 
particularly from the State of Minas Geraes. The 
Cia. Siderurgica Nacional, who operate the Govern- 
ment-owned steel plant at Volta Redonda, near Rio de 
Janeiro, are negotiating for the purchase of additional 
equipment from the United States. The t 
capacity is understood to be insufficient, and to 
double the output within the next 18 months are 
under consideration. Subsequently, the capacity may 
be further increased. Brazil’s total steel production 
for the first nine months of 1948 amounted to 357,061 
metric tons, the contributions of the Volta Redonda 
plant having been 174,616 tons. Agreements have 
been entered into for the production at the National 
Motor Factory of lorries and tractors under patents 
owned, respectively, by the Isotta-Fraschini and 
Ansaldo — - Tialy. who will furnish technical 
assistance for that p . In the preliminary stages, 
the necessary parts will be shipped to Brazil for assem- 
bly, but eventually the complete vehicles, including 
engines, are to be produced locally. The engines to 
be manufactured. under the Isotta-Fraschini patents 
at the National Motor Factory are to be suitable for 
omnibuses, lorries or tractors. Italian engineers will 
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operation in 1951-52. 





be sent to Brazil to organise production, and Brazilian 
technicians will be trained in Ftaly. 
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Brazil proposes ‘to buy -oil-refinery equipment’ in 
France, Czechoslovakia and the United States, to lay a 
pipeline from Santos to Sio Paulo, and to acquire 
tankers. Already, a contract has been signed with the 
Skoda Works for the construction in Czechoslovakia, 
under United States patents, of the equipment for the 
refinery to be erected in the State of Sio Paulo. Among 
widespread hydro-electrification ge -a work has 
been sanctioned on the important Francisco Valley 
scheme, while the International Bank may be asked to 
finance an extensive electrification plan in D the State of 
Rio Grande do Sul. The Export-Import Bank of 
Mey is understood to have granted a loan of | w 

278,000 U.S. dols. to twelve Brazilian subsidiaries of 
the American and Foreign Power Company, to finance 
the installation of electrical equipment purchased in 
the United States for a programme of expansion in 
Brazil, including the erection of a 61,220-kW gene generating 
plant and the associated transmission lines. Some | ¢ 
80 per cent. of the generator ca oe le > sane installed 
will be hydro-electric. Linaaeper rt 
and Foreign Power Compan py in 
several areas, including the Btates of Sra power ations in 

Geraes, Bahia, Parand, Rio de Janeiro and Rio Grande 
do Sul 

Extensions of docks continue at the chief Brazilian 
ports. Neg6tiations for the transfer of British ship- 

yard equipment to Brazil, which began when a Brazilian 
Mission visited the United Kingdom recently, are 
progress ; it is understood that the equi 

seas til be Eenind 20 tho gars of Dame tot Heke. fol in 
the State of Rio de Janeiro. Astetiing to 6 adver 
prepared for the Joint United States-Brazil Technical 
(ommission by the Departamento Nacional de Estradas | features 
de Ferro, the re-equipment | ne railway system 
will require the ex of about 
2501. neg pe sum meade rey cost of 741 
locomotives, 1,869 org er 4,222 freight wagons 
and 17,304 km. ant pene dace of work- 
shops, Slectrification, and of 15,000 km. 
of track. Published wrath indicate that, since 1946, 
250 km. of new track have been laid and 680 km. have 
been relaid ; and that the programme drawn up for 
completion by 1950 includes the replacement of a 
further 1,700 km. of rails. These figures refer to 
Government-controlled railways in Brazil. Ninety-one 
British Diesel-engined omnibuses have been sold to the 
Sao Paulo Municipal rt Company. The chassis 
were constructed by the iated Equipment Com- 
pany, and he bodies built ey, the Saunders Engineering 


and Shipyard a = Angieset: 
Intensive industrialisation is centred upon 
hydro-electric plants, the new steel 


plant and 

smelter, and oil dev PA es for h 
electric power schemes, the International for 
Reconstruction last ne ited a loan of 16,000,000 
U.S. dols. to Chile. loans through the Inter- 
national Bank are oxposted, a large dollar 
credit for the new steel piant near 
Concepcion, operated by the Pci. yon del ico. 

The official development cmgenaes in Chile, known 
as the Corporacién de Fomento de la Produccion, is 
studying the possibility of installing a new igdie-dlechile 
Thich woekd soggy poser to Soaiagn, Walgnaion 
which would su 
Vifia del Mar, 
Corporacion is saloon 


decree authorises the expenditure of 50 million pesos on 
public works throughout Chile, the programme includ- 
roads, 


He 


5-km. tunnel through ugh «opr af the of the 

40 km. of open-cut When complite an addi- 
tional 49,000 acres of desert land will come under culti- 
vation, and a further 76,000 acres at present deficient 
in water will receive a regular supply. In Colombia, 
work has started on the large Neusa dam, the construc- 
tion of which was recently contracted for by the Banco 
de la Republica with Winston Bros. Company, of Minne- 
sota, and Compania Constructora Raymond de Colom- 
bia, 8.A. It is estimated that the work will take some 
30 months to complete. When finished, the dam will 
have a capacity of some 110 million cubic metres. It 
will supply water power for a supplementary hydro- 
electric plant to be built, and also will prevent the 
seasonal flooding of large tracts of the t& sabana. 
An officer of the een. reine | Corps of the United States 
Army is due in Bogota sh Lee fe to home pm arrangements 
with the Colombian Governm: ing the com- 
mittee of American and Colombian engineers who are 
to carry out the preliminary studies of the projected 
Atrato canal between the Atlantic and Pacific Oceans 
through Colombian territory. 
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OPEN-HEARTH FURNACE PLANT 
AT CLYDESDALE STEELWORKS. 


As stated on page 370 of vol. 166 of ENGINEERING 
(1948), a new Pilger steel-tube mill, which had been 
under construction for some time “gp 5 at the 
Clydesdale Works, Mossend, Lenslliitiie, 

Stewarts and Lloyds Limited, commenced 
in October, ne The mill is capable uci 
70,000 tons of 0-in. to 16-in. diameter seamless stee! 
tubes a year, and to supply the = four new 60-ton 
basic open-hearth tgs mm ing ont Plies and fast- 
working furnaces Through the 
courtesy of Messrs. The Wels p..—. Owen Engineer- 
ing Corporation, Limited, Parnell House, Wilton-road, 
Lendeth 8.W.1, who received the contract for the new 
furnaces, we are now able to give a description of them. 
A general view of two of the furnaces taken a the 
machine 


melting . Modern ciples were 

emp to give th bat condtions Pm low, and, 

chameel Guehuset tiave bern iateobe 

in the fummenee, Thus, the regenerators, pockets 

and uptakes 2 reas BT naan been 

custo: past, it stated, these new 
parang PB od 


amply justified since the new plant 
was into operation. 
The ” of each furnace has been designed 
to give a hearth area of 7-08 sq. ft. per ton of steel ; thus 
for a 60-ton charge, the bath area is 425 sq. ft. and the 
maximum from sill level is 27 in. The design 
rel» pe been based on experience with 

ion, the main being to secure 


a melting conditions with minimum slag-volume 
operation, while retaining control of the carbon content 
the metal bath. The rear wall of each furnace is 

3 he in the usual manner and the basic refractory 
linings of this and of the furnace base are completely 
rotected by steel plates, as may be discerned in Fig. 2. 
he tapping and charging sides of the furnaces are 
bound with solid buckstays which are rigidly fixed to 
the lower beams and also to the transverse beams over 
the roof, as can be seen in both illustrations. The front 
and the rear skewbacks are suspended from the rigid | i 
roof bracing so as to allow the walls to expand freely 
in a vertical direction. The gas and air ports of the 
furnaces are of the Venturi type flame 
direction and the early and rapid combus- 
tion of the fuel, both of characteristics are 
further assisted by the pronounced knuckle given to 
the roof af the port ends of the fernacas, The gas-port 
blocks are semi-circular in cross section and have a 


1 ft. 6 in.; consist of a 
cooled e ing the full length of the gas-port 
structure arranged for easy withdrawal] for renewal. 


and width 13 ft. ae ee ae i the 
gas regenerators are tical, wi ex 0 
the width, which is 7 ft. 9 in. The sides, end, and 
roof of the regenerators are insulated and the entire 


structure encased in mild-steel plates. 
supported by vertical joists at intervais and these are 
fixed rigidly to a horizontal double-joist framework. 
Each furnace has a 36-in. diameter mushroom-type 
isolating valve, in front of which a brick Venturi 
meter is provided for the measurement of gas flow. A 
frebrick fin ed main connects this valve to two 36-in. 
mushroom water-sealed reversing valves, which are also 
used as regulating valves, the regulating gear being 
arranged on the furnace-chargi The exhaust 
reversing valves in the gas flues are of the straight- 
through type, comprising water-cooled dampers and 
seats. The gas valves and dampers are regulated 
operated by a 15-h.p . geared motor unit fitted with the 
usual “ lost-motion ” gear. The air reversing valves 
are also of the mushroom type and the exhaust dampers 
of the straight-through type. 

The chimney damper is operated by a 2-h.p. motor, 
and is arra to work in conjunction with a furnace- 
pressure regulating unit, but provision is made for hand 


uetion a 


ced | An orifice is installed in the inlet 





na when required. The chimney damper is of 
floating type and is water cooled. As may be seen 
in Fig. 1, each furnace is provided with five charging 
doors, each of which is 3 ft. 9 in. wide. The three 
central doors are 3 ft. 6 in. high and the two outer 
doors 2 ft. 8 in. high. The door frames are of welded 
construction and are water cooled. Each frame has 
te water-inlet valve and also a separate outlet 
from which the water runs to a common tundish 
situated at one of the port ends. The doors them- 
selves are made of hematite iron and lined with 4}4-in. 
silica brick ; the door foreplates and sillplates are also 
of hematite iron. Each door is raised and lowered by a 
2-h.p. geared motor winch, mounted on a steel structure 
erected on the charging platform between the furnaces. 
The doors are fully balanced and fitted with electro- 
mechanical brakes. Split sheaves are fitted to the 
winding drums for the automatic prevention of over- 
winding without requiring limit switches. 

Six 30-cwt. Morgan producers supply the furnaces 
with fuel gas. The producers are arranged in two 
batteries of three units, each battery supplying gas to 
two open-hearth furnaces. For cleaning out, the gas 
mains are fitted with steam-jet equipment of the dust- 
blowing type, and these are normally brought into ser- 
viée at intervals of about nine days. Air is supplied to 
the furnaces by a fan delivering 450,000 cub. ft. per 
hour at a of 3 in. water gauge, but provision 
is made for natural-draught working when required. 
for air-flow 
measurement. The instruments provided for each 
furnace include a owen er ater regulator with 
recorder, roof-tem a or , indicating and 
meters for the gas and the ‘air, regenerator 
outlet-temperature recorders, reversal signalling indi- 
cators, gas-main pressure recorders and gas-uptake 
pressure recorders. In addition, two Schofield immer- 
sion pyrometers are available for the four furnaces. 
The instruments are mounted on a panel which is 
housed in a well-lighted and ventilated dust-proof 
steel cabin located on the stage facing the furnace. 

The pig iron, scrap and other raw materials are 
brought on bogies from the adjacent stock yard to the 
charging platform on which a track having the requisite 
crossings runs along in front of the furnaces. A bogie 
loaded with charging boxes is seen on the right of 
emptied into the furncee by” th 1. The boxes are 

emptied into the furnaces by the 5-ton php ct gem 


an charging machine running laid 
cooapens the length of the melting sh Rapid 
ch , as already stated, is a feature of the present 


tion, and we understand that, in eebekinets cir- 
cumstances, the charging time can be as low as two 
hours. After being tapped into the ladle, the molten 
steel is teemed into relatively light-weight tube ingots, 
which are bottom-cast in groups, a number of 
bottom-casting plates being employed for each cast. 
The teeming rates and other casting conditions are kept 
under close control. Each furnace has been designed 
to produce 6 tons of ingots per hour of operating 
time, with a fuel consumption of 5} mn B.Th.U’s 
perton. It is stated that furnace records have indicated 
that the actual steel production and fuel consumption 
have been close to these design figures. 





CARRIAGE AND WaGON CONSTRUCTION AND REPAIR.— 
Durin: 1948, the London Midland Region of British 
Railways built 268 carriages and 7,240 wagons, and 
repaired 6,778 carriages and 34,195 wagons. 





CANADIAN INTERNATIONAL TRADE Fair.—The Govern- 
ment of Canada are now organising the 1949 Canadian 
International Trade Fair which will be held in the 
Exhibition Park, Toronto, from May 30 until June 10. 
We understand that, at the 1948 Fair, upwards of 1,400 


ft. | exhibitors displayed the products of 28 separate coun- 


tries and that visitors. came from 70 different countries. 
Exhibits at the 1949 Fair will be grouped under 
21 classifications, and both the light and the heavy 
engineering industries will be fully represented. Some 
710,000 sq. ft. of floor space are available in the exhibition 
buildings. Further particulars may be obtained from 
the London Representative of the Canadian Government 
Exhibition Commission, at Canada House, Trafalgar- 
square, S.W.1. 





REPAIRING A BRICK ViapucT.—East Norton Viaduct, 
a brick-built 13-arch structure which carries the London 
Midland Region line from Market Harborough to Melton 
Mowbray, is being repaired because two of the 60-ft. high 
piers were moving on their clay foundations, causing 
one of the 40-ft. arches to sag at one side and lift at the 


and | other. The defective arch has been supported by timber 


centring resting on steel “needles” built into the 
piers, and the live load on it has beem eased by removing 
the ballast from the track and placing temporary longi- 
tudinal girders. New brick piers and arch are being 
built inside the old span, on new concrete foundations, and 
when this is finished rubble will be placed between the 
new and old arches and grouted with cement. 
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TWIN-SCREW PASSENGER LINER 
**CARONIA.” 
(Concluded from page 106.) 

Exxcrric current for the auxiliary services of the 
Caronia is provided by four self-contained turbo- 
generators constructed by Messrs. W. H. Allen, Sons 
and Company, Limited, Bedford. These four units, 
which are situated in a compartment forward of the 
boiler room, are of particular interest in that each is 
arranged to pass-out up to 15,000 Ib. of steam per 
hour at 60 Ib. per square inch; although the use of 
pass-out turbines is an established practice for land 
installations, it is understood that this is the first 
instance of their use on a British vessel. Pass-out, or 
constant-pressure extraction, turbines are similar to 
‘* bleeder ”’ turbines, in that provision is made on both 
for the extraction of steam from an intermediate stage 
of the turbine. With a “ bleeder ” turbine, however, 
the pressure is uncontrolled, and fluctuates with the 
load, whereas a pass-out turbine is fitted with a pressure- 
regulating governor which keeps the steam at a constant 
pressure independently of the load. 

The complete turbo-generators are of the makers’ 
own design and construction, each set comprising a 
multi-stage impulse turbine mounted directly on a 
surface condenser and arranged to drive a compound- 
wound direct-current generator through double-helical 
reduction ing. Each generator can give a normal 
full-load output of 1,100 kW at 225 volts, and has 
overload capacities of 10 per cent. continuously, 25 per 
cent. for two hours and 50 per cent for five minutes. 
One of the sets is illustrated in Figs 11 and 12, on this 
page, which show the turbine and generator ends, 
respectively. The turbines use steam at the same 
pressure and temperature as the main engines, but 
are designed to withstand maximum boiler conditions 
of 625 lb. per square inch gauge and 800 deg. F. The 
steam end of the turbine casing is a carbon-molyb- 
denum steel casting, while the exhaust end is a carbon- 
steel casting. The turbine discs are integral with the 
shafts, the whole being machined from a solid carbon- 
molybdenum steel forging and designed so that the 
first critical speed occurs at nearly twice the normal 
running speed. The first four diaphragms are of welded 
steel construction, machined all over, the remaini 
diaphragms being of the cast iron with stainless-stee 
vanes cast in situ. The moving blades are of Had- 
field’s Hecla A.T.V. steel for the first two rows and 
Firth’s Stayblade Max. for the last two rows, low- 
carbon stainless steel being used for the intervening 
rows, and each blade being machined from bar stock. 

Steam is admitted to the turbine through a main 
control valve and a number of nozzle valves which 
adjust automatically the area of nozzle opening to 
correspond with the steam flow. Steam from the 

out stage of the turbine is re-admitted to the 
w-pressure blading by a valve which keeps the 
pass-out pressure constant and is controlled jointly 
by the pass-out pressure regulator and the speed 
governor. The latter is of the conventional type 
but regulates the oil supply to the pass-through valve 
as well as the main control valve. These two valves 
are connected in parallel so that a change of load 
causes both to respond, thereby giving a closer degree 
of governing than otherwise would have been possible. 
Furthermore, a compensating mechanism is provided 
which enables accurate speed regulation to be obtained 
when required. This mechanism may be regarded as 
an auxiliary speed-regulating device which, after a 
suitable delay, corrects speed variations due to changes 
of load or pass-out demand. 

The turbines run at 4,500 r.p.m. and are geared down 
to a generator speed of 600 r.p.m. The gears are of the 
single-reduction, double-helical type and are supplied 
with oil from the turbine lubricating system. Each 
turbine is mounted on its own self-contained surface 
condenser designed to maintain a vacuum of 29 in. of 
mercury with a sea-water temperature of 60 deg. F., 
or 28-6 in. at 70 deg. F. The body of the condenser, 
which is of fabricated-steel construction, is designed to 
act as the turbine baseplate, the base under the 
generator and reduction gearing being arranged to bolt 
up solidly with’ the condenser shell so that the whole 
forms a single rigid unit. The condenser tubes are of 
aluminium-bronze secured in naval-brass tubeplates, 
while the water boxes are of cast iron. Each set incor- 
porates its own steam-jet air ejector, and is fitted with 
a float-operated condensate-control valve. A_back- 
pressure tripping mechanism is provided which closes 
the turbine-governor valve if the pressure at the 
turbine exhaust rises above 5 lb. per square inch gauge. 
Furthermore, an oil-operated electrical trip is arranged 
so that when the turbine emergency governor operates, 
the generator circuit breaker opens and prevents the 
generator from being motored. 

The generators, which are of the single pedestal- 
bearing type, are compound-wound machines designed 
for parallel operation. The commutator is divided 
into two sections, each of which ‘s constructed as an 
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independent assembly and keyed separately to the 











Fig. 12. 
Fies. 11 anp 12. Atnen AUxiLiaRy TuRBO-GENERATOR. 


hub. The machines have been adapted to conform 
with the engine-room ventilating system used on the 
Caronia. Air is fed into the machinery space from 
below and, in the case of the generators, flows upwards 
through the baseplate into the interior of the machine 
where a system of baffles directs it through the wind- 
ings. It is expelled towards the turbine and is with- 
drawn from the generator room by an exhaust fan 
situated on the underside of the deck above. Control 
of the generator voltage is by shunt regulators of the 
screw-operated vertical-sliding type, which are mounted 
behind the main switchboard, the regulators embodying 
indicators which show the positions of the regulating- 
brush carriers. The main switchboard is located on an 








athwartship platform at the forward end of the turbo- 
generator room. The board is divided into dynamo- 
control panels and feeder panels, cables from the latter 
passing up to the port and starboard sides of “‘ A ” deck 
for the hotel services and to “‘C” deck for the main 
machinery. The cables are connected to 26 auxiliary 
switchboards and are arranged to form several ring 
mains so that the port and starboard boards may be 
fed from either side of the main switchboard. Indirect 
fluorescent lighting is provided in nearly all the public 
rooms, for which purpose two 175-kV A three-phase 220- 
volt motor-generators are fitted in the generator room ; 
the lamps are connected across the phases and the star 
points are earthed. Emergency generating plant is 
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Fig. 13. 


‘* BALMOBAL’’ RESTAURANT. 





Fig. 14. Frmst-Crass Smoxine Room. 


installed in a compartment above the bulkhead deck 
and on “A” deck, the former comprising a 75-kW 
Diesel-driven dynamo while the latter is driven by a 
Diesel engine capable of developing 132 h.p. at 1,000 
r.p.m. 

Three separate refrigerating plants are installed in 
the Caronia. All the plants were supplied by Messrs. 
J. and E. Hall, Limited, Dartford, Kent, and their 
duties range from cooling the provision and cargo rooms 
to air conditioning. The cargo-cooling plant is situated 
forward and serves eight cargo spaces in the area of 
numbers 2 and 3 hatches having a total capacity of just 
over 44,000 cub. ft., of which some 6,000 cub. ft. is 
equipped for the carriage of quick-frozen produce at 
© deg. F. The plant consists of three vertical. twin- 
cylinder enclosed Freon-12 machines, each of which is 





driven by a variable-speed motor of 45 brake horse- 
power. This gives speed control from 475 r.p.m. down 
to 315 r.p.m. but further regulation is provided by 
duty-reducing valves fitted to each cylinder of all three 
machines. The condensers and evaporators are of the 
shell and tube pattern, those parts of the condensers in 
contact with sea water being made either from non- 
ferrous alloys or high-nickel content cast iron. Two 
horizontal centrifugal circulating pumps are provided ; 
each is driven by a 3}-h.p. motor and one pump is 
capable of delivering sufficient water for two machines. 
The brine is circulated by four horizontal centrifugal 
pumps, the brine system being of the multi-temperature 
closed type. This provides three temperatures, usually 
two freezing temperatures and a “ chill ” temperature 
for the carriage of fruit, dairy produce, etc. The spaces 











are cooled by air-cooling batteries and propeller-type 
fans, each fan being driven by a variable-speed reversing 
motor. The plant for cooling the provision rooms is 
situated aft and is arranged to cool 19 rooms having a 
total capacity of approximately 22,000 cub. ft. of which 
nearly 10,000 cub. ft. is fitted for the carriage of pro- 
duce at 0 deg. F.; the plant also handles domestic 
loads, such as service cupboards, ice-oream mixers, 

inking-water coolers, etc. The machinery, however, 
is identical with that fitted for the cargo spaces. 

The air-conditioning plant is installed forward of the 
turbo-generator room and immediately abaft the for- 
ward cargo plant. Air conditioning is applied to the 
majority of the public rooms on the Caronia, so that 
the plant is capable of extracting 3,500,000 B.Th.U.s 
when cooling 59,000 gallons of ih water per hour 
from 52 deg. F. to 46 deg. F. with a sea-water tem- 
perature of 83 deg. F. The machinery comprises 
two vertical four-cylinder enclosed-type Freon-12 units, 
each driven by a 160 brake horse-power motor having 
a speed range from 275 r.p.m. to 350 r.p.m. The 
condensers and evaporators are similar to those 
already described, but the sea-water and chilled-fresh- 
water pumps are of the vertical type, there being two 
sea-water pumps each capable of circulating 35,000 
gallons per hour and three chilled-fresh-water pumps 
each of which can circulate 29,000 gallons per hour. 
Altogether 17 air-conditioning units are installed in 
the Caronia, each located, so far as possible, close to 
the room served. The units are of the spray type, 
comprising centrifugal supply and extraction fans 
driven by variable-speed motors, “Carrier "’ marine- 
type dehumidifiers, air-heater batteries and automatic 
air-volume dampers. The automatic-control system 
is actuated by compressed air, the system being 
so that the temperature and humidity of the air supplied 
to the public rooms are varied so as to maintain com- 
fortable conditions irrespective of the weather and 
variation in occupancy. Those public rooms not air 
conditioned, together with the passenger and crew 
accommodation, are supplied either with warm air 
or air at atmospheric temperature. The combined 
heating and ventilation system has been designed 
by the Winsor Engineering Company, Limited, Glasgow. 

The vessel is exceptionally well fitted out, the 
comprehensive navigating equipment including two 
master gyro-com with steering and i 
repeaters, a “ Kelyite”’ sounding machine and depth- 
recording instruments, while two separate Radar 
systems are installed, namely, an Admiralty type 
No. 268 and a Metropolitan-Vickers “ Seascan.” The 
steering gear is of Messrs. Brown Brothers four-cylinder 
electro-hydraulic standard type, with duplicate power 
units, The forward and aft capstans were supplied by 
Messrs. Clarke, Chapman and Company, Limited, 
Gateshead. They are driven electrically, the forward 
unit consisting of a combined warping and windlass 
gear placed on the main deck with the driving motors 
below on “ A” deck, while the arrangement aft con- 
sists of two warping capstans driven through spur 
gearing from the deck below. Two supplementary 
warping winches are provided, one forward on the 
main deck and the other aft on “A” deck. For 
handling cargo and stores, two 5-ton electric winches 
are fitted on the main deck forward and two 2-ton 
electric winches on the promenade deck aft; in addi- 
tion, four 3-ton winches are provided for handling 
gangways, etc. Three different types of lifeboat are 
carried, namely, two oar-propelled boats having a 
length of 26 ft. and a capacity for 56 persons each, 
eight motor-propelled boats, 36 ft. long, with a capa- 
city for 145 persons each, and six motor boats, 45 ft. in 
length, with a capacity for 60 persons each. The last 
named boats are designed as combined cruising launches 
and lifeboats, and are therefore fitted with upholstered 
seats and back rests. The hulls of all lifeboats are con- 
structed from ‘“ Birmabright”’ aluminium alloy, the 
motor lifeboats being fitted with Thornycroft RJ.2 
engines and the launches with Thornycroft RL6 engines. 
The lifeboats and launches are carried by Taylor gravity 
davits designed and constructed by Messrs. Samuel 
Taylor and Sons (Brierley Hill), Limited, Brierley Hill, 
Staffordshire. Fire precautions include the fitting of 
Grinnell sprinkler systems in the accommodation and 
public rooms, carbon-dioxide extinguishing equip- 
ment for the store rooms, etc., and the provision of 
three types of fire-resisting doors, while the fire-fighting 
equipment includes two smoke-helmet outfits and four 
Siebe-Gorman breathing appliances. 

The layout of the public rooms and passenger 
accommodation was referred to on 80, ante, where 
it was pointed out that the majority of the public rooms 
are situated on the promenade deck. Lack of space 
prevents us from giving a full description of the public 
rooms, which are of a particularly high order. The 
photographs of the Balmoral restaurant and the first- 
class smoking room, reproduced in Figs. 13 and 14, 
on this » however, will serve to give an impression 
of the standard of decoration employed throughout the 
vessel, The smoking room occupies the central portion 
of the promenade deck and, as will be seen from 
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. 14, the central is formed by a twelve-sided 
i ring Barer tan yf apyeds a erg te BOOKS RECEIVED. PERSONAL. 
thereby forming a low dome, the whole giving an | Exports to Canada. Report to the President of the Board| prorresson A. H. Gipson, D.Sc. (Victoria), LL.D. 
airiness. oral restaurant is situated| of Trade by the United Kingdom Engineering Mission 


on the restaurant deck and provides seating for 280 
persons. It has a length of 93 ft. and a width of 54 ft., 
pe central area being continued upwards through two 
ret swat placed centrally and has no 
» but tt is air-conditioned and the 
eile I tine ‘is arranged to give the effect of day- 
light. The Sandringham restaurant differs but slightly 
from the Ca oe ag gr a being the same 
and the central portion of treated in 
the same manner. The re. toe of the two restaur- 
ants, the public rooms and the staterooms are of an 
exceptionally high standard and there is little doubt 
that the Caronia will enhance still further the already 
high reputation of the Cunard White Star Line. 





LAUNCHES AND TRIAL TRIPS. 


M.S. ‘‘ JonuNDUR.”—Single-screw trawler, built by 
Messrs. Brooke Marine, Limited, Oulton Broad, Lowes- 
toft, for Mr. G. Jorundsson, Reykjavik, Iceland. Main 
dimensions: 167 ft. by 28 ft. by 16 ft.; gross tonnage, 
approximately 470; fishroom capacity, 12,000 cub. ft. 
Mirrlees Diese] engine of 950 b.h.p., to develop a service 
speed of about 12 knots. Launch, January 15. 

M.S. “ Hivakura.”—Twin-screw refrigerated cargo 
liner, built by Messrs. John Brown and Company, 
Limited, Clydebank, for the New Zealand Shipping 
Company, Limited, London, E.C.3. Eighth of a series 
built for these owners and their associated company, the 
Federal Steam Navigation Company, Limited. Main 
dimensions: 561 ft. by 70 ft. by 47 ft. 6 in. to upper 
deck; draught, 32 ft. 7 in.; gross tonnage, 11,300; 
insulated cargo space, 520,000 cub. ft.. Two sets of 
five-cylinder opposed-piston Brown-Doxford Diesel en- 
gines. Launch, January 19. 

M.S. ” BririsH ForTUNE.”—Single-screw tanker built 
and engined by Messrs. William Doxford and Sons, 
Limited, Pallion, Sunderland, for the British Tanker 
Company, Limited, London, E.C.2. First vessel of an 
order for seven. Main dimensions: 423 ft. by 56 ft. by 
30 ft. 1 in.; deadweight capacity, about 8,400 tons on a 
draught of 25 ft. Doxford three-cylinder opposed- 
Piston balanced oil engine, of 2,500 b.h.p., to give a 
service speed of 11 knots. Trial trip, January 25. 

8.S. “ GRECIAN.”—Single-screw cargo vessel built by 
the Ailsa Shipbuilding Company, Limited, Troon, 
Ayrshire, for the Mediterranean service of Messrs. 
Ellerman Lines, Limited, London, E.C.3. Main dimen- 
sions: 362 ft. by 49 ft. 10 in. by 32 ft. 9 in. to shelter 
deck; gross tonnage, 3,280; deadweight capacity, 
about 4,070 tons. Triple-expansion engine in combina- 
tion with Bauer-Wach turbine and oil-fired boilers. 
Launch, January 28. 

8.S. “‘ CAPE CLEVELAND.”—Single-screw trawler, built 
and engined by Messrs. John Lewis and Sons, Limited, 
Aberdeen, for Messrs. Hudson Brothers, Trawlers, 
Limited, Hull. Main dimensions: 175 ft. (between 
perpendiculars) by 30 ft. by 16 ft.; gross tonnage, 660 ; 
fish-room capacity, 14,500 cub. ft. Triple-expansion 
reciprocating engines of 1,050 s.h.p., and one oil-fired 
Seotch boiler, developing a speed of 12} knots. Launch, 
January 29. 





CONTRACT. 


Str ROBERT MCALPINE (SCOTLAND) LIMITED, have 
received orders from the Railway Executive for the 
construction of permanent abutments and river training 
walls at seven points between Reston and Grantshouse, 
where bridges were destroyed in the floods of last August. 
The main East-Coast lines of British Railways, at these 
sites, have been carried on temporary bridges supported 
on military-type steel trestles since the line was re-opened 
for traffic on October 25, 1948. 





AERIAL SURVEY EXHIBITION.—An interesting exhibi- 
tion, illustrating the many applications of aerial surveying, 
was opened by the Minister of Civil Aviation (the Rt. 
Hon. Lord Pakenham), at the Alpine Club’s Gallery in 
South Audley-street, London, W.1, on Tuesday, Feb- 
ruary 8, and will remain open until Saturday, February 
19. The organisers are the Hunting Aerosurveys, 
Limited, 29, Old Bond-street, London, W.1, who are ex- 
hibiting a number of photographs showing the results of 
mapping from the air, as well as examples of the instru- 
ments by which this work is carried out. Among the 
latter are an air-borne magnetometer, which is used to 
detect ores by measuring the field strength, a pboto- 
grammetric air eamera, which takes a 9-in. square 
Picture and is electrically operated, and a model of the 
“ Bristol” freighter, which has been specially modified 
for air survey work. The photographs show clearly the 
results of the work and the methods by which it is 
carried out. 
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R.O.F. The Story of the Royal Ordnance Factories, 1939- 
1948. By Ian Hay. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 2s. 6d. net.) 

United States National Bureau of Standards. Circular 
No. 469. Optical Glass at the National Bureau of 
Standards. By Francis W. GLaze and CLARENCE H. 
HABNER. [Price 15 cents.) No. 471. Spectral-Trans- 
missive Properties and Use of Eye-Protective Glasses. 
By Raps Sram. [Price 20 cents.) No. 472. Table 
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Hatumpay. Published for the Temple Press, Limited, 
by The English Universities Press, Limited, St. Paul's 
House, Warwick-square, London, E.C.4. [Price 30s. 
net.) 

The Municipal Engineer. By L. B. Escrirr. George 
Allen and Unwin, Limited, Ruskin House, 40, Museum- 
street, London, W.C.1, [Price 7s. 6d. net.] 

Films About Metals. Compiled by the Scientific Film 
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Education. Current Affairs, Limited, 19, Charing 
Cross-road, London, W.C.2. [Price 3s. 6d,] 

Valiant Voyaging. A Short History of the British India 
Steam Navigation Company in the Second World War, 
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Faber and Faber, Limited, 24, Russell-square, London, 
W.C.1. [Price 8s. 6d. net.] 

The Sydney County Council. Annual Report of the 
General Manager for the Year 1947. The General 
Manager, The Sydney County Council, Queen Victoria 
Building, 457-479, George-street, Sydney. 

Soil Mechanics for Civil Engineers. By DR. BERNARD H. 
Knieutr. Edward Arnold and Company, 41, Maddox- 
street, London, W.1. [Price 21s. net.] 

Management Through Leadership. A Course of Lectures 
Delivered in Sheffield Under the Auspices of the Institute 
of Industrial Administration, February to April, 1948. 


Works, near Sheffield. [Price 2s. 64., postage 44.) 

British Institute of Management. A Short Survey of 
Industrial Management. By L. URwick. Offices of 
the Institute, 17, Hill-street, London, W.1. [Price 
2s. 6d.) 

Toleranzen und Ighren. By Dr.-ING. PAUL LEINWEBER. 
Fifth edition. Springer-Verlag, Jebensstrasse 1, Berlin- 
Charlottenburg 2, Germany. [Price DM 8.40.) 

Bulletin du Centre d’Etudes de Recherches ef d’Essais 
Scientifiques des Constructions du Génie Civil ea 
@’Hydraulique Fluviale. Volume III. 1948. The 
Director, Centre d’Etudes des Constructions du Génie 
Civil, 139, quai de Rome, Liége, Belgium. [Price 
650 francs, outside Belgium and Luxembourg.) 

Essais sur Modéles Réduits pour des Barrages-Déversoirs. 
Part I. Etude des Effets d’Echelle. By. J. LAMOEN. 
Extract from the Bulletin dui Centre d'Etudes des 
Constructions du Génie Civil, Volume III, 1948. 
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Revised and edited by Dr.-Inc. Ericn LOHMEYER. 
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Wilmersdorf, Germany. [Price 18 DM.) 
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Longitudes. Gauthier-Villars, 55, Quai des Grands- 
Augustins, Paris (VIe). [Price 800 francs, and 110 
francs postage.] 

Zur Psychologie des Maschinenarbeiters. Eine Unter- 
suchung. By DR. FRANZISKA BAUMGARTEN. Rascher 
et Cie. A.-G., Limmatquai 50, Ziirich, Switzerland. 
[Price 5-50 Swiss francs.) 

Jigs and Fiztures. A Reference Book Showing Many 
Types of Jigs and Fiztures in Actual Use, and Sugges- 
tions for Various Cases. By FRED H. CoLviIn and 
Lucian L. Haas. Fifth edition. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York 18, U.S.A. (Price 4-50 dols.}] McGraw-Hill 
Publishing Company, Limited, Aldwych House, Ald- 
wych, London, W.C.2. [Price 27s.] 

The Milling Machine. By P. 8S. HoveHron. Crosby 
Lockwood and Son, Limited, 39, Thurloe-street, Lon- 
don, 8.W.7. [Price 18s. net.] 

The Novice’s Workshop. Part II. By Ian BRADLEY and 
NorMAN Hattows. Percival Marshall and Company, 
Limited, 23, Great Queen-street, Kingsway, London, 





(St. Andrews), Wh.Ex., M.I.C.E., M.I.Mech.E.., is retiring 
from the Beyer Chair of Engineering and from the 
position of Director of the Whitworth Laboratories, in 
the University of Manchester, at the end of the pre~..nt 
session. He will be succeeded, in June, 1949, by Pio- 
Fressor W. R. HawTHORNE, B.A. (Cantab.), Sc.D. (Miss. 
Inst. Tech.), who was appointed an Associate Professor 
of Mechanical Engineering in the Massachusetts Insti \:te 
of Technology, Cambridge, Massachusetts, U.S.A., in 
1946, and later became Professor. 


Mr. H. B. Everarp, D.S.O., B.A. (Canta).), 
A.M.1.C.E., who became assistant engineer (permanent 
way), London Midland and Scottish Railway, in 1/15, 
and engineer (permanent way) in 1947, has been appoint«d 
chief officer engineering (maintenance), Railway Exc - 
tive. Dr. F. F. ©. Curtis, A.R.LB.A., who was 
appointed architect to the Great Western Railway in 
March, 1947, bas now been made architect to the Railw:iy 
Executive. 

Mr. R. C. STantey has retired from the office of 
President of the International Nickel Company of 
Canada, Limited, but continues as chairman of the boari|. 
Dr. J. F. Taompson, hitherto executive vice-president. 
has been made President, and Dr. P. D. Mmrica, hitherto 
vice-president, has become executive vice-president. 
Mr. H. S. Wiveate has become a vice-president but 
continues as secretary. No change among the other 
officers has been made and Sm WL14M GRIFFITHS ©01:- 
tinues as vice-president in charge of operations aici 
activities in Europe and other parts of the world outsi« 
the American Continent. 

Mr. H. W. G. Hienertt, B.Sc., superintendent of the 
development and research department laboratory of the 
Mond Nickel Conipany, Limited, Birmingham, has been 
elected to the Council of the Institute of Metals in place 
of Dr. BRUCE CHALMERS, who, as recorded on page 412 
of our previous volume (November 5, 1948), resigned on 
appointment as Professor of Physical Metallurgy, 
University of Toronto, Canada. 


Mr. F. C. WELCH, who was appointed works manager 
of the Engineering Department of Messrs. Edgar Allen 
and Company, Limited, Imperial Steel Works, Sheffield. 9, 
in 1914, has retired. 


Mr. O. W. Humpureys, B.Sc., F.Inst.P., A.M.LE.-.. 
who joined the staff of the Research Laboratories of the 
General Electric Company, Limited, at Wembley. 
Middlesex, in 1925, and was appointed to the leading 
scientific staff in 1927, has now been made manager of the 
Laboratories. He will be advised by a small scientitic 
panel of his colleagues, of which Dr. B. P. DuppDIN« 
is vice-chairman. 


We stated on page 82, anie, that Mr. Perer G. Mase- 
FIELD, M.A., F.R.Ae.S., had been appointed assistant 
to the chairman and general manager of British European 
Airways. We now learn that Mr. Masefield has been 
appointed assistant to the chairman and not to the 
genera] manager. 

Mr. E. 8S. WADDINGTON, F.S.E., M.Inst.W., Assoc.L.E.E., 
this year’s President of the Society of Engineers, was 
installed at the inaugural meeting of the Society for 1949, 
held on February 7. The retiring President is Mr. B. ¥. 
TURNER, F.S.E. 

Mr. R. Youne PaRKINSON, formerly sales manager of 
Ribblesdale Cement Limited, has now been appointed 
special director (sales). He will continue to operate 
from Clitheroe. Mr. Parkinson is also a director of the 
Horrocksford Lime Company, Limited, and the Bold 
Venture Lime Company, Limited. 


Messrs. FLExrsox LIMITED, manufacturers of meeha- 
nical seals for rotary pumps and compressors, have moved 
to new and larger works and offices in Nash-road, Trafford 
Park, Manchester, 17. (Telephone: TRAfford Park 
2651.) 

BRIrTisH CELANESE LIMITED, manufacturers of textiles, 
plastics and chemicals, Hanover-square, London, W.1. 
have formed a wholly-owned subsidiary company, 
BRITISH CELANESE (OVERSEAS) LIMITED, which will 
commence operations on April 1, 1949. The directors 
of the new compary are Mr. G. H. SprmMan, F.R.LC. 
(chairman), Mr. R. T. ARCHER, Mr. W. F. ARCHER, 
Mr. A. T. BRENCHLEY, Mr. C. H. Cotton, Mr. W. A 
Dickre, B.Se., F.R.1.C., Mr. G. DONNELLY, Mr. T. P. 
JENNISON and Mr. M. SPILMAN. 


Messrs. GouGH COOPER AND COMPANY LIMITED, have 
established a Civil-Engineering Division at Windsor 
House, 46, Victoria-street,"London, S.W.1, under the 
management of Mr. J. H. W. TURNER, B.Sc. (Econ.), 
B.Sc., A.M.L.C.E, 

Tue ELECTRICAL POWER ENGINEERING COMPANY 
(BIRMINGHAM) LimfreD, Bromford-iane, Birmingham, 8, 
have opened a London office in charge of Mr. A. N. D 
Kerr, A.M.I.E.E., at 421, Grand Buildings, Trafalgar- 





W.C.2, [Price 3s. 6d, net.] 


square, W.C.2. (Telephone: WHItehali 5643 and 7963.) 
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NOTES FROM THE NORTH. 
GLasGcow, Wednesday. 
Scottish Steel.—Outputs from the melting furnaces are 
being maintained at a high level without difficulty with 
regard to raw materials. The scrap position is brighter. 
The recession in United States prices is taken as an 
indication of possibly larger releases of European scrap 
for this country, while the lengthening daylight promises 
to give improved home deliveries. The withdrawal from 
service of the No. 1 blast-furnace at Colvilles’ Clyde Iron 
Works points to a diminution in pig-iron production, but 
there are hopes that No. 3 furnace, which was blown in 
for the first time last year, and has never been running 
at full capacity, will be geared up, if necessary, until No. 1 
is back into production in April. Steelmakers are watch- 
ing developments in American markets, but although 
there appears to be some reduction in demand there, no 
weakening can be detected here ; in fact, authorisations 
seem to be in excess of capacity. Difficulties are still 
arising in some overseas markets over import licences, 
especially regarding the more highly fabricated forms 
rather than plates, bars, sections or sheets. Finland is 
taking @ modified tonnage of steel items, and a substantial 
volume also left Scottish ports last week for Denmark. 
Australia is a keen buyer, and Egypt is negotiating 
important quantities. Sheetmakers are handicapped by 
a shortage of sheet bars, but prospects of increased im- 
porte of semies from Belgium are considered to be better. 


Scottish Coal.—During January, the deficit between 
actual production and the target rate of 500,000 tons 
weekly amounted to some 50,000 tons, and would have 
been larger but for an increase in output in the final 
week of the month to 491,700 tons. This was the best 
total for the year, reflecting a rise of 10,000 tons in Fife, 
where the arrangement is that the pits in the area work 
on alternate Saturdays. The supply position remains 
close for @ number of consumers. A spel] of milder 
weather eased the difficulty facing the domestic market, 
but the situation is delicate. Locomotive coal, which 
was rather short for a period, is receiving special attention 
to ensure the supply of the full programme tonnages. 
A good trade continues for the better grades of gum, and 
inferior torts are also being cleared. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Welsh Coal Trade.—The award of 14,231,0001: 
compensation to be paid to South Wales colliery com- 
panies, in respect of the coal-producing side of their 
undertakings transferred to the National Coal Board, 
has been well received generally in local circles. The 
opinion has been held that the district would receive 
something in the region of 13,000,0001, in compensation, 
so that the figure actually announced gave satisfaction. 
Coal shipments to the Argentine, which had been on 
active lines “for some time, have been slackening off 
recently and market opinion that this was due to exchange 
difficulties has been confirmed during the week by news 
that the Argentine Central Bank had suspended, tem- 
, the granting of foreign exchange. Although no 
definite statement has been made concerning coal in the 
announcement, it was hoped that some part at least of 
the coal arranged for this market would be shipped, 
if only that intended for the railways. Argentina has 
made arrangements for the supply of about 1,000,000 
tons of British coals over the year, of which contracts for 
the railways amount to about half, mostly for Welsh 
coals. The announcement that the British Treasury and 


The new agreement, it is hoped, will result in deliveries 
going forward more freely and without frequent interrup- 
tions. It is not expected that it will be possible to 
make very much coal available to Spain before April, 
though the new arrangement operates immediately. It 
is understood that a decision had been reached as to the 
amount of British coal to be supplied to Hire. Little 
information is available locally, but it is not expected 
that South Wales would benefit to any material extent 
in view of the heavily committed nature of local suppliers. 
Home demands continue very heavy and all grades of 
coal ate well booked for some time to come. Bunkers 
ate in steady request and are firm. 


that, last week, businéss in tin-plate was active, and home 
consumers placed a number of orders for delivery during 
Period I. The export market was quieter and the sales 


The 

tained and the placing of orders for early delivery is 
extremely difficult. Ifon and steel scrap is in very 
strong and urgent request. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel,—Supplies of raw materials are adequate, 
and local brands of pig-iron are rather-more plentiful. 
There has been a little improvement in supplies of blast- 
furnace coke since steps were taken to improve the quan- 
tity and quality of coking coal. More activity at coke- 
works has permitted a fuller flow of coke-oven gas 
the South Yorkshire Gas Grid, and a revision of gas 
to Sheffield steei, too] and cutlery industries has therefore 
taken place. The cut is now 10 per cent. instead of the 
15 per cent. which caused some alarm recently. As it is, 
the gas shortage necessitates some short-time working 
and the periodic curtailment of production. The matter 
is engaging the attention of the Regional Board of 
Industry. Generally, new business in steel is quicter, 
notably in the export field. Foreign competition, chiefly 
German, is a subject which is engaging the earnest 
attention of the Sheffield Chamber of Commerce, but 
Sheffield firms are not relaxing their efforts to secure 
more export business. The English Steel Corporation, 
as @ result of a very prompt decision, have secured an 
order of a value of 150,0001. in face of American competi- 
tion. The small-users’ scheme for the distribution of iron 
and steel, introduced at the beginning of the year to 
reduce paper work and controls, is working smoothly. 
So far, 27,335 tons of steel have been issued to 938 appli- 
cants who get a year’s supply of steel at once, instead of 
having to make several applications. No decision has 
been issued yet on the question of a bulk issue of steel to 
the Cutlery Manufacturers’ Association to cover the 
requirements of the very small user. Under this pro- 
posed scheme, the whole allocation would be made in 
bulk through the Association and sub-allocated to 
individual firms. 


South Yorkshire Coal Trade.—The supply position has 
recovered from the effects of lost time at the pits, and 
many, pits continue to exceed their targets. Electric 
power stations have adequate reserves, but bigger supplies 
of gas coal are needed at the producer plants. The rail- 
way locomotive depots need larger deliveries of hards to 
enable them to build up their stocks to a satisfactory 
level. House-coal reserves in merchants’ hands are 
being drawr upon. Industrial users have sufficient coal 
in reserve to last a fairly considerable time. New coke 
ovens .t Orreave are expected to be completed early 
this yest. They will form a fourth half-battery of 
22 ovens at the plant of the United Steel Companies. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

General Situation.—The demand for Tees-side products 
is at an unprecedentedly high level and is still rising. 
Makers of iron and steel are confident that customers’ 
requirements will keep them fully occupied throughout 
the year; overseas buyers would readily place orders for 
delivery over periods in 1950. Every effort is being made 
to expand still further the total tonnage output but hopes 
of increasing production sufficiently to meet customers’ 
needs are extremely slight. The yield of the Cleveland 
ironstone mines ig still considerably below what could be 
desired but is ually increasing and imports of foreign 
ore, while lighter than of late, are quite up to expecta- 
tions. Deliveries of fuel and of iron and steel scrap are 
being maintained. The distributable tonnage of the 
latter is substantial and users, wishing to build up stocks, 
readily accept all parcels offered. The continued serious 
shortage of pig iron is restricting the production of com- 
modities urgently needed for export, and prospects of an 
early material change for the better in the situation are 
not apparent. 

Foundry and Basic Iron.—Rather better supplies of 
foundry pig iron are coming forward, following the 
blowing-in of a furnace in the Midlands, ffom which area 
nearly all the iron used in North-Kast Coast foundries is 
being received. Deliveries, however, are still far from 
adequate. The production of basic iron is promptly 
absorbed for use in the makers’ own consuming works. 

Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite manufacturers afe unable to deal fully 
with the immediate needs of theif regular customers and 
supplies of low- and medium-phosphorus grades of iron 
are also insufficient for users’ current requirements. 
Refined-iron firms have a ready sale for their product. 

Manufactured Iron and Steel.—Substantial contract« 
for semi-finished and finished iron are being carried out 
and good inquiries are circulating. Steel commodities 
are in much greater demand than producers can provide. 
Some slight reduction in the parcels required for home 
purposes has released a little more tonnage for shipment 
overseas and export quotas are readily taken up. Steel 
semies are in improving supply. Users of the heavier sizes 
have satisfactory parcels in hand but small billets and 
sheet bars are stillin very strong request. Sheet makers’ 
authorised bookings are reported to extend to periods 
considerably beyond the end of the year. 


NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—North- 
Eastern Centre: Monday, February 14, 6.15 p.m., Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. “ Tidal 
Power and the Severn Barrage,” by Mr. H. Headland. 
Radio Section: Tuesday, February 15, 5.30 p.m., 
Victoria-embankment, W.C.2. Discussion on “ Water- 
Cooling versus Air-Cooling for High-Power Valves,” 
opened by Mr. J. Bell. Institution: Wednesday, 
February 16, 6.30 p.m., Central Hail, 8.W.1. Faraday 
Lecture on “ Television,” by Sir Noel Ashbridge and 
Mr. H. Bishop. [Admission by ticket.) Southern Centre : 
Wednesday, February 16, 6.30 p.m., Technical College, 
Brighton. ‘“‘ Railway Traction Control Equipment on 
Suburban London Transport,” by Mr. E. Webster. Also 
at Institution: Thursday, February 17, 5.30 p.m., 
Victoria-embankment, W.C.2. Scottish Centre: Wednes- 
day, February 16, 7 p.m., Heriot-Watt College, Edin- 
burgh. “‘ Corrosion of Heating Surfaces in Boiler Plants,’’ 
by Mr. J. R. Rylands and Mr. J. R. Jenkinson. 

INSTITUTION OF THE RUBBER INDUSTRY.— Midland 
Section : Monday, February 14, 7 p.m., James Watt 
Memorial Institute, Birmingham. ‘‘ Degradation of High 
Polymer Substances,” by Professor H. W. Melville. 
London Section: Tuesday, February 15, 7 p.m., Caxton 
Hall, Victoria-street, 8.W.1. “Colloidal Aspect of 
Rubber Latices,” by Dr. C. Bondy ; and “‘ Applications 
of Rubber Latex,” by Dr. W. H. Bodger. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Shefield Branch : 
Monday, February 14, 7.30 p.m., Royal Victoria Hotel, 
Sheffield. ‘‘ Coupler Castings,” by Mr. J. H. Pearce and 
Mr. G. D. Whitehouse. JBristol Branch: Saturday, 
February 19, 3 p.m., Grand Hotel, Bristol. “ Steel 
Castings,” by Mr. 8. L. Finch. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Feb- 
ruary 15, 5.30 p.m., Great George-street, 8.W.1. “‘ Appli- 
cation of Pre-Stressed Concrete in Belgium,”’ by Professor 
Gustave Magnel. Newcastle Association: Tuesday, 
February 15, 6.15 p.m., Neville Hall, Newcastle-upon- 
Tyne. “ Pitlochry Dam and Power Station Contract,” 
by Mr. A. C. Howarth. London Association of Students : 
Wednesday, February 16, 6 p.m., Great George-street., 
8.W.1. “ Provision of Water for Human Consumption,” 
by Mr. N. P. Roberts. Midlands Association: Thursday, 
February 17, 6 p.m., James Watt Memorial Institute, 
Birmingham. “Some Constructional Work in Retro- 
spect,” by Mr. A. Burrows. 


CHEMICAL ENGINEERING GrouP.—Tuesday, February 
15, 5.30 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. “ Technical Education,” by Professor 
T. R. C. Fox. 

INSTITUTE OF REFRIGERATION.—Tuesday, Feb- 
ruary 15, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, 8.W.1. “ Quick 
Freezing,” by Mr. G. W. Muddiman. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, February 15, 6.30 p.m., 2, Savoy-hill, W.C.2. 
* Electrical Installation Practice,” by Mr. W. F. Parker. 
Royal Sociery or ARTS.—Wednesday, February 16, 
2.30 p.m., John Adam-street, W.C.2. “ Training of the 
Industrial Designer,’ by Mr. Robin Darwin. 

RoyaL MicroscopicaL SocreTy.—Wednesday, Feb- 
ruary 16, 5.30 p.m., B.M.A. House, Tavistock-square, 
W.C.1. “‘ Reflecting Microscopes,” by Dr. R. Barer. 


INSTITUTION OF ENGINEERS-IN-CHARGE.— Wednesday, 

February 16, 6.30 p.m., 2, Savoy-hill, W.C.2. “ Light 
and Work,” by Mr. W. R. Robinson. 
INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, February 16, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, 8.W.1. 
* American Locomotive Practice,” by Mr. D. Patrick. 


DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
February 17, 2.30 p.m., Caxton Hall, Victoria-street, 
S.W.1. Informal Discussion on “‘ Operating Problems.” 


INSTITUTION OF MINING AND METALLURGY.—Thurs - 
day, February 17, 5 p.m., Geological Society, Burlington 
Howse, Piccadilly, W.1. ‘“‘ Ground Control: Theory and 
Practice,” by Mr. J. Spalding. 

Royal AERONAUTICAL SocieTY.—Thursday, February 
17, 6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. “ Planned Servicing in the Royal Air 
Force,” by Sqn.-Ldr. E. A. Harrop. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday , 
February 18, 6 p.m., Storey’s-gate, St. James’s Park, 
8.W.1. “‘ Rotating and Oscillating Seals,” by Mr. T. E. 
Beacham. “ Reciprocating Seals,” by Mr. F. H. Towler. 


Junior INSTITUTION OF ENGINEBRS.—Friday, Feb- 
ruary 18, 6.30 p.m., 39, Victoria-street, 8.W.1. “‘ Vacua : 
A Brief Review of Scientific and Technological Develop- 
ments Since the Seventeenth Century,” by Mr. C. 
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THE SEVERN BARRAGE. 


TuE proposal to construct a barrage across the 
Severn Estuary and thus to utilise the power. of 
the tides for the generation of electricity has now 
been under consideration for over 30 years. The 
attention it has received during that period has, 
however, been fluctuating rather than constant, 
since it has alternately advanced into and retreated 
from the foreground of engineering politics. At 
present it appears to be occupying a position inter- 
mediate between the two extremes. It was therefore 
possible for the paper on “Tidal Power and the 
Severn Barrage,’ which was read before a joint 
meeting of the Institutions of Civil and Electrical 
Engineers on Thursday, February 3, by Mr. H. 
Headland, to be discussed in an atmosphere which 
was suitably inert. It also allowed certain salient 
factors, which are inherent in this difficult problem, 
to be clearly brought out. Of these factors, some 
are ponderable and others are not. The weight 
that should be attached to them also varies from 
time to time and is subject to a number of influ- 
ences, not all of which are of an_ engineering 
character. If the scheme is to be proceeded with, 
it is, however, essential that pre-judgment should be 
replaced by a re-valuation in the light of present 
conditions, so that the part attributable to each 
factor can be correctly assessed. 

It may help this re-valuation to recall that the 
first proposal to utilise the Severn estuary for power 
generation was made in 1918. Two years later a 
report on the subject was issued by the Ministry of 
Transport, which was compared i in ENGINEERING to 
‘a company prospectus.” The report antagonised 
engineers by its display of hyperbole, one example 
of which was the statement that the purpose of 
the scheme “ was to snatch part of the movement 
of the earth and put it into gearing to turn machi- 
nery.”” The Water Power Resources Committee. of 
the period, a technical body whose duties are clear 
re | from their title, were, in fact, unkind enough to say 
| that they had been strongly impressed by the extra- 








vagance of the ideas gant. "Technically, it was 
proposed to build a dam behind which water would 
be impounded on the flood and used op the ebb to 
drive 1,300-kW turbines at a head varying from 
5 ft. to 30 ft. These turbines were to be coupled to 
dynamos generating direct-current at 525 volts, 
which was to be converted to alternating current 
and stepped up to 66 kV for transmission. The 
estimated annual output was 1,360 million kWh, 
but the cost was not stated. 

Following a period of inactivity, a committee 
was appointed to consider the matter in 1925, but 
did not report until eight years later. In the 
interval, Professor A. H. Gibson had made experi- 
ments with a scale model of the estuary, as a result 
of which it was proposed that a 4,000-ft. embank- 
ment dam, a 6,825-ft. sluice dam and a 4,550-ft. 
turbine dam should be built; and that the latter 
should contain 72 12-MW turbines generating alter- 
nating current. A pumped storage reservoir was 
also to be built to smooth out variations in the 
output. The net annual output was estimated to 
be 1,610 million kWh, and the cost for the power 
scheme proper just over 20,000,000/. out of a total 
of rather more than 29,000,0001. 

Still no action was taken. In fact, the next move 
was the appointment in 1943 of another committee 
to suggest any modifications that might have become 
necessary ir the proposals of ten years earlier, 
owing to changes in engineering practice. This 
body reported in March, 1945, and, while generally 
agreeing with the conclusions of their immediate 
predecessors, pointed out that improved methods of 
civil-engineering construction, the development of 
the Kaplan turbine, and the existence of the 132- = 
grid, would render some changes necessary ; 
would the increased price of coal, the reduced me 
of interest, and the growth of the electrical demand. 
They therefore recommended the construction of a 
6,825-ft. sluice dam and of two 2,250-ft. turbine 
dams, each containing 16 25-MW units, or 32 in all. 
They also recommended the abandonment of the 
pumped storage reservoir and of the road and railway 
crossings, which were features of the earlier schemes. 
In addition, they suggested that the plant should 
be operated in parallel with the 132-kV grid and 
that a new tidal model should be constructed. The 
estimated output from this scheme was 2,477 million 
kWh per annum, which, it will be seen, was more 
than that of the 1933 scheme, owing to the omission 
of pumped storage. The cost, including trans- 
mission lines, was estimated to be 47,000,0001., 
which was considerably more than that of the 1933 
scheme. At the present time, the figure would 
probably be about 60,000,000/., an increase which, 
obviously, has a considerable bearing on the prac- 
ticability of the whole venture. It is further 
estimated that the annual cost of operating the 
project would be rather over 5 per cent. of the 
capital expenditure. 

Mr. Headland’s paper consists mainly of a de- 
tailed analysis of the 1945 report; and can leave 
little doubt in the mind of the unbiased observer 
that the scheme is sound from the engineering point 
of view. When, however, it is examined to discover 
how it gears into the national power system and to 
determine what the economics of the proposal may 
be, doubts immediately arise. It is abundantly 
clear, for instance, that, owing to the fact that 
energy could be delivered to the load centres only 
intermittently, the construction of the barrage would 
lead to no reduction in the amount of thermal plant 
it would be necessary to install. Sir John Hacking, 
in opening the discussion on the paper, was therefore 
justified in arguing that in these days of shortage it 
would be inadvisable to devote a part of our limited 
resources to the construction of the barrage. Point 
is given to his argument by a short debate which, 
by a coincidence, took place in the House of Commons 
on the same evening that the paper was read. In it, 
Mr. A. M. F. Palmer pointed out that, while a year 
ago there was a gap of 2,000 MW between the 
national electrieal demand and the generating 
capacity available’to meet it, not more than 500 MW 
gross, and 300 MW net, of plant, had since been 
added, compared with the 1,500 MW envisaged in 
the Economic Survey. It had also been estimated, 
he said, that not more than 1,000 MW would be 
commissioned during the present year, as against 
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the annual addition of 1,500 MW, which would be 
necessary if we wers to be freed from load-shedding 
by: 1954. It seems clear, therefore, that until the 
generating plant position becomes a good deal 
easier than it will be for some years, the construction 
of the Severn Barrage should be deferred. 

Even if this particular obstacle were removed, 
there would remain the question whether it would 
be worth while to carry out this work as a means 
of husbanding coal resources or as a method of 
providing cheaper generation than is possible by 
the use of coal as fuel. According to the 1945 
Report, the value of tidal energy must be based 
on the saving of coal secured by its utilisation ; 
and the amount of this saving depends on whether 
tidal energy is used to replace supplies from base- 
load or peak-load stations, as well as on the extent 
to which increased thermal efficiency, the removal 
of old plant and reductions in coal consumption 
affect the overall economy. It is estimated that 
the average annual saving in coal which could be 
effected by utilising the barrage would be 985,000 
tons during the first 15 years of its existence ; and 
would fall to 752,000 tons per annum during the 
remaining 65 years of its life, owing presumably to 
the installation of more economical plant. The 
barrage, however, will only be economic so long as 
the coal equivalent of the tidal energy at the load 
centres is less than the price of coal delivered 
to the power-station bunkers. As we have already 
mentioned, the estimated cost of carrying out 
the 1945 scheme under present-day conditions 
would be about 60,000,0001., and to render it 
economic the average cost of coal delivered to the 
bunkers would have to be 3-131. per ton. This 
figure greatly exceeds the 1933 figure and to that 
extent enhances the advantages of the scheme. 
Unfortunately, other costs, including interest, have 
also risen in the same or even greater proportion. 
Moreover, although construction would be practic- 
able from the engineering point of view, the success- 
ful operation of the scheme would depend on a 
number of related technical and economic questions 
which, in addition to those just mentioned, would 
include improved utilisation of the transmission 
system, increased energy output from single-tide 
working, and the provision of gas turbines or pumped 
storage plant to level out the inevitable inequalities 
of tidal generation. 

Against these arguments must, however, be 
placed the opinion of Sir John Kennedy, who, in 
the course of the discussion on Mr. Headland’s 
paper, expressed the view that with the electrical 
generation of the country now under one national 
control, it should be possible to make good and 
economical use of the Severn scheme. This 
would be still more the case if the 275-kV grid 
envisaged by Mr. T. G. N. Haldane in his presi- 
dential address to the Institution of Electrical 
Engineers last autumn, were constructed, as it 
would then be possible not only to operate the 
barrage in combination with the steam stations but 
also with the water-power stations in the North of 
Seotland. Dealing with the general question, Mr. 


G. R. I. Nuttall called attention to the advantages | 1” 


which would be gained by creating a number of 
tidal stations in different parts of the country, while 
other speakers sought to discount the drawbacks 
of this form of power by advocating the use of gas 
turbines, pumped storage and an American system 
known as liquid heat, of which, however, details were 
not given, to even out the inequalities in output. 
Perhaps the most curious contribution, however, 
came from two speakers both of whom emphasised 
the prestige value of the scheme, arguing that it 
would be worth while to build the barrage in order to 
impress foreign buyers, and that we should do well to 
follow the example of the Americans in connection 
with the Tennessee Valley Authority and utilise the 
scheme as “ glittering propaganda.” Nevertheless, 
we must agree with Mr. Nimmo that power from 
the tides, in spite of Mr. Bernard Shaw, is “‘ alluring 
but disappointing ”’ owing to the limited head, the 
large quantities of water to be handled, the inter- 
mittent output and the great cost. To build the 
Severn Barrage would be an interesting engineering 
exercise, but the plain fact is that, at the moment, 
the nation cannot afford it, though the time may 
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TRADE WITH CANADA. 


Kretie’s rhetorical question, ‘What should they 
know of England who only England know ?” has its 
analogue in overseas trade, for it may well be asked 
what a merchant knows of a potential market who 
has contemplated it only from his own end of the 
channel of trade. Whereas, however, the kind of 
ignoramus that Kipling had in mind is likely to 
suffer little ill effect from his ignorance and possibly 
is unaware of it, the merchant is in a different posi- 
tion since he has the statistics of intert ational trade 
as a constant reminder of his competitors’ successes 
in the markets that might have been his. They 
may not give him a complete picture of the situation, 
but at least they will indicate those elements of it 
about which, in his own interest, he ought to be 
better informed. Thus arose the survey by the 
Board of Trade of the position of the United 
Kingdom’s trade with Canada, as a result of which 
it was decided, in the summer of last year, to send an 
Engineering Mission to Canada to investigate the 
nature of the Dominion’s requiremeats of engineering 
products and the possibility of increasing materially 
the proportion supplied from the British Isles. The 
Mission arrived in Montreal on August 28 and, in 
the course of a strenuous seven weeks, amassed a 
wealth of valuable information, now embodied in 
their report to the President of the Board of Trade.* 

The Mission was headed by Mr. E. H. Gilpin (who 
received a knighthood in the New Year Honours 
List) and nine other industrial members, with the 
addition of Mr. C. Bennett, M.B.E., of the Ministry 
of Supply, and Mr. P. S. Young, one of the United 
Kingdom Trade Commissioners in Canada. It was 
widely represeatative of the engineering industry 
of the British Isles and more especially of those 
branches of the industry which manufacture 
engineering products known to be required in the 
Dominion. Mr. Gilpin, a director of Messrs. Baker 
Perkins, Limited, is chairman of the British Food 
Machinery Manufacturers’ Association; Mr. N. 
Neville, Director of the: same Association, also 
represented the British Chemical Plant Manufac- 
turers’ Association ; and Mr. A. W. Berry, in his 
capacity as Director of the British Engineers’ 
Association, probably had the most varied affiliations 
of all. Other members were Mr. E. Bruce Ball, a 
director of Messrs. Glenfield and Kennedy, Limited ; 
Mr. W. R. Beswick (Power Gas Corporation, and 
Ashmore, Benson, Pease and Company); Mr. D. 
Maxwell Binst, Export Director of the British 
Electrical and Allied Manufacturers’ Association) ; 
Mr. A. G. Grant (Whessoe, Limited); Mr. C. 8S. 
Robinson (Thomas Robinson and Son, Limited) ; 
and Mr. H. V. Yorke (Bennett, Sons and Shears, 
Limited, and H. Pontifex and Sons, Limited). 
Trade-union interests were represented by Mr. F. C. 
Fitzpatrick, of the Amalgamated Engineering Union. 
Their tour took them across Canada to Vancouver 
and back, and covered in all 8,500 miles of Canadian 
territory ; and they returned with the conviction (to 
ote the report) that “‘there is an important, 
stable and probably a growing market in Canada 
for a variety of United Kingdom engineering equip- 
ment ” which, if energetically developed, might do 
much to bridge the growing gap between the actual 
and the potential supply of Canadian prima 
products, especially foodstuffs, to the British Isles, 
to the benefit of the economy of both countries. 
At the same time, it was recognised that “‘ the 
United States, with many advantages deriving from 
its proximity, is a formidable competitor with whom 
it will need skill and energy to compete,” and that 
the very size of Canada places great difficulties in 
the way of British firms desiring to establish a 
foothold there or to extend existing connections to 
territories farther afield. It was realised that much 
more detailed investigation would be needed to 
ascertain the bést ure in developing a market 
for British engineering products and that “ there is 
no single way in which the market can be entered 
and held.” The Mission quote many statistics 
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relating to particular varieties of products and 
express themselves very candidly regarding the 
fields in which their inquiries might, with advantaye, 
be “‘ followed up by detailed investigation and then 
by action,” and those in which, they consider, the 
United Kingdom industry cannot hope to compte 
successfully with United States products or with 
those of the Canadian engineering industry, which 
they describe as “‘ strong and versatile.” 

Their recommendations are grouped under seven 
heads and, while the relative importance of these 
groups must vary with different firms or branches 
of the industry, it would seem that, broadly, they 
have been arranged in order of increasing import- 
ance from the collective view-point of the Mission ; 
certainly, the last heading, that of ‘“‘ Industry 
Representation,” appears to receive the greatest 
emphasis, though this may be because it embodies 
suggestions of policy and procedure which may be 
novel to a number of engineering firms who, hitherto, 
have not paid much attention to the Canadian mar- 
ket. Moreover, it invites Government collaboration 
of a kind that seems in itself to have some element 
of novelty. It will be convenient to take the recom- 
mendations in the order of their presentation. 

In the first place, it is urged that firms who have 
Canadian orders in hand should ensure that delivery 
promises are kept or, if the customer desires, im- 
proved upon; to which end, a definite promise of 
support has been received from the Ministry of 
Supply in the provision of raw materials under the 
control of that Ministry. Secondly, it is recom- 
mended that directors of United Kingdom engineer- 
ing firms should instruct their staffs (at ‘‘ all levels ’’) 
to give immediate attention to Canadian inquiries 
and to give them all possible preference when 
quoting deliveries and dealing with any orders that 
may result. On the subject of publicity—the third 
point—it is recommended that all firms having a 
potential market in Canada should “ prepare and 
widely circulate appropriate literature ” there “ at 
the earliest possible moment,” and that steps should 
be taken to expand the circulation of United King- 
dom technical and trade journals in Canada ; where, 
at present, United States publications of all kinds 

minate. This is a disparity that can and 
should be redressed without delay, as a preliminary 
to the further recommendation that United Kingdom 
engineering firms should invite young Canadian 
engineers to spend a term in their works as a form 
of post-graduate training. 

If it is desirable for young Canadians to extend 
their education by learning something at first hand 
of the engineering industry in Britain, however, it 
is no less desirable—in fact, it is essential—that 
United Kingdom makers of engineering equipment 
should educate themselves about Canada, and this 
is the theme of the fifth and sixth recommendations. 
Where there appears to be a Canadian market for 
@ particular product, the Mission emphasise that it 
should be investigated on the spot, in the spring of 
this present year, by an executive director or a 
senior executive who can, if satisfied that a favour- 
able prospect exists, arrange for effective representa- 
tion. It is urged that every section of the industry 
should take early steps to study the Canadian market 
with this intention in view. 

Finally, the Mission recommend that, “ to remedy 
the widespread ignorance in Canada of United 





FY | Kingdom technical achievement,” to seek out oppor- 


tunities to increase exports to Canada and support 
the activities of existing representatives, to obtain 
early news of important projects and ensure that 
Canadian specifications give a fair chance to British 
agents, and to recommend the appointment of 
effective agents, appropriate sections of the United 
Kingdom engineering industry should maintain 
specialist representatives in Canada, to work in 
close contact with the Trade Commissioners. As it 
is realised that, for some time to come, this pro- 
cedure ‘“ may not be justified on purely commercial 
grounds,” the hope is expressed that His Majesty's 
Government in the United Kingdom may be pre- 
pared to consider “some form of practical assist- 
ance.” In the long run, it should pay handsome 
dividends, for there is no question of the readiness of 
Canadians in general to maintain the closest relations 
with Britain, quite apart from considerations of 





commercial advantage. 
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NOTES. 


Iystrrvtion or MrcrantcaL ENGINEERS. 


A CAREFULLY prepared and comprehensive report 
on the corrosion and deterioration of marine boilers 
was presented to the Institution of Mechanical 
Engineers at an extra general meeting, in association 
with the newly-reformed Steam Group, on Friday, 
February 4, with the chairman of the Group, Mr. 
P. L. Jones, M.C., B.Sc., Wh.Ex., in the chair. The 
authors, Dr. I. G. Slater, M.Sc., and Mr. N. L. Parr, 
A.M.I.Mech.E., in a paper entitled “‘ Marine Boiler 
Deterioration,” gave an account of a war-time inves- 
tigation, conducted for the Admiralty, into the 
several forms of boiler corrosion and deterioration. 
Each of these forms is illustrated and described. 
Air-bubble pits, which are hemispherical and often 
covered with a cap of loose soft corrosion products, 
are caused by liberated air bubbles becoming 
attached to metal surfaces, thereby initiating anodic 
attack by electrolytic action. Deep localised pitting 
covered by a scab of hard black magnetic iron oxide 
—known as scab pitting—is due to the use of un- 
treated impure boiler water containing dissolved 
salts in comparatively small concentrations. Soft 
scab pitting is due to the deposition of salts by prim- 
ing in superheaters, main steam lines, etc., followed 
by condensation when the boiler is shut down, 
resulting in the formation of droplets of electiolyte 
and the initiation of a pit by differential aeration. 
General wastage is grouped under three heads : tube- 
wall thinning, necking and grooving, and galvanic 
attack. The first arises from the use of acid feed 
water. Necking and grooving—circumferential bands 
of corrosion on the water side of fire tubes, stay tubes 
and stay bolts in Scotch boilers—are caused by 
stresses due to expansion and contraction. Galvanic 
attack may be due to different forms of the same 
metal, as well as to dissimilar metals. The cause of 
corrosion fatigue depends on the location. In tubes 
it is mainly due to irregular circulation which 
induces “ pulsating ” thermal fatigue stresses. In 
steam and water drums it is caused by bending 
stresses and by excessive cold working due to rough 
machining, and in main steam pipes by bending 
stresses in the presence of a corrosive environment. 
Strain age embrittlement arises from the reduction 
of impact properties by the combination of cold 
work and ageing, spontaneous failure occurring 
only at and below room temperature. Caustic 
embrittlem@nt occurs in boiler plates, radiating 
from, and often ing, adjacent rivet holes, 
etc., and is due to the combined effect of non-uniform 
stressing and high concentration of caustic soda in 
the presence of a catalyst at high temperatures. 
Deterioration at elevated temperatures may take 
the form of high-temperature oxidation, burst 
tubes, or high-temperature creep cracking. External 
deterioration can also be caused by sulphuric acid 
formed by the action of moisture on oil-fuel soot. 
The authors conclude that deterioration in marine 
boilers depends particularly on the control of water 
conditions when steaming and standing. Damage 
may be due to lack of attention during idle periods 
before steaming. The effect of oxygen, which 
often gains access to the boiler water during such 
periods, is particularly emphasised. Before the 
presentation of the paper, the President, Captain (E) 
William Gregson, R.N.R., M.Sc., occupied the chair. 
He said that as Professor F. C. Lea had unfor- 
tunately, owing to ill-health, been unable to come 
to the Institution, he and several members of the 
Council had visited Professor Lea at his home to 
read the citation of honorary membership to him, 
and to present him with the certificate. 


Tue Crompron-LANOHESTER MEDAL. 


The Crompton Medal and the Institution Medal 
of the former Institution of Automobile Engineers 
have been replaced by one to be known as the 
Crompton-Lanchester Medal, which is “in the 
gift” of the Council of the Automobile Division of 
the Institution of Mechanical Engineers. At the 
time of the amalgamation of the two Institutions, 
some such award was envisaged. Thus, following a 
recommendation from the Automobile Division, the 
Council of the Institution of Mechanical Engineers 





have agreed that the award shall take the form of a 
medal and a premium of 15]. It will be granted 
either for the best paper published in the Proceedings 
of the Division during a complete session, or for any 
outstanding service by a member of the Division 
which may be considered to have a special influence 
on the advancement of automobile engineering. 
The medal will take the form of a combination of 
the two medals of long standing in the history of the 
Institution of Automobile Engineers, the Crompton 
Medal having been established in 1912, and the 
Institution Medal in 1922. On one side will appear 
the head of the late Colonel R. E. Crompton, C.B., 
R.E., first president of the I.A.E., and on the other 
side will appear that of Dr. F. W. Lanchester, F.R.S., 
an early president of the I.A.E. The dies for the 
medal have not yet been completed, but the certifi- 
cate and cheque for the 1947-48 session were pre- 
sented to Dr. P. de K. Dykes, M.A., A.M.I.Mech.E., 
for his paper entitled “Piston Ring Movement 
During Blow-by in High-Speed Petrol Engines,” 
at a meeting of the Automobile Division held on 
Tuesday, January 11. 


Hypro-E.ecrric DEVELOPMENTS IN SCOTLAND. 


Three further constructional schemes for the utilis- 
ation of water power in the Highlands have been 
approved by the Secretary of State for Scotland and 
have been laid before Parliament. The first of 
these—the Loch Dubh project (Constructional 
Scheme No. 20)—will have an ultimate annual output 
of 4,550,000 kWh. It will necessitate the enlarge- 
ment of Loch Beinn’ Deirg by a dam 18 ft. high and 
220 ft. long across the Allt a’ Mhuilinn. Lochs 
Dubh, Oban Lochain and Dubh Beag will also be 
combined into one reservoir by a dam 35 ft. high 
and 175 ft. long across the same stream and will 
discharge into Loch Beinn’ Deirg. A generating 
station with a capacity of 1,800 kW will be built 
near the Ullapool-Lochinvar road. The extensions 
to the Loch Sloy project, which form the second 
scheme, will increase the present catchment area by 
about four square miles and will raise the total 
average annual output from the generating station at 
Inveruglas on Loch Lomond from 100 to 115 million 
kWh. The main work in connection with this scheme 
(Constructional Scheme No. 22) consists of five 
aqueducts, which will collect the waver of certain 
schemes and pass it into Loch Sloy. The third new 
project (Constructional Scheme No. 27) comprises 
the construction of a dam 1,250 ft. long and 70 ft. 
high across the Allt-na-Lairige some distance above 
its junction with the River Fyne. This dam will 
impound water from a catchment area of over 
five square miles and the reservoir formed by it will 
be connected by an aqueduct and pipelines to a 
generating station on the River Fyne about a mile 
below the mouth of the Allt-na-Lairige. This 
station will have an installed capacity of 6,000 kW 
and an average annual output of 17,500,000 kWh. 
Its output will be transmitted to the Clachan genera- 
ting station of the Shira project, which is now in 
course of construction, and will thence be fed into the 
local distribution system, which will supply Inverary 
and North Cowal, with a connecting line to South 
Cowal and Bute. 


Prizzs AND AWARDS OF THE INSTITUTION OF 
MeEcHANICAL ENGINEERS. 


Nominations for the Council and the annual 
tation of prizes will be made at a general 
meeting of the Institution of Mechanical Engineers 
on Friday, February 18. The awards for 1948 
which have ‘been made by the Council are published 
in the February Journal. The Thomas Hawksley 
Gold Medal is awarded to Dr. Hugh Ford, B.Sc. 
(Eng.), Wh.Sc., M.I.Mech.E., for his paper, ‘‘ Re- 
searches into the Deformation of Metals by Cold 
Rolling,” and the George Stephenson Prize goes to 
Dr. H. I. Andrews, M.Sc. (Eng.), A.M.I.Mech.E., for 
his paper, “‘The Mobile Locomotive Testing Plant 
of the London Midland and Scottish Railway.” 
Dr. E. A. Watson, O.B.E., M.I.Mech.E., receives 
the Dugald Clerk Prize for his paper, “‘ Fuel Systems 
for the Aero Gas Turbine,” and the Water Arbi- 
tration Prize is awarded to Mr. A. Stubbs, B.Sc., 
M.I.Mech.E., for a paper entitled “ District 
Heating.” The co-authors, Mr. K. Brooke, 
A.M.I.Mech.E., and Mr. W. E. W. Nicolls, B.Sc., 





receive the Starley Premium for their paper, ““ Some 
Aspects of Petrol Injection Equipment Develop- 
ment.” The Herbert Akroyd Stuart Prize is also 
awarded to joint authors, Dr. F. K. Bannister and 
Dr, G. F. Mucklow, M.I.Mech.E., for their paper 
entitled ‘“‘ Wave Action Following Sudden Release 
of Com Gas from a Cylinder.” Mr. J. R. 
Rylands, M.Sc., M.I.Mech.E., and Mr. J. R. Jen- 
kinson, B.Met., are awarded the Thomas Lowe 
Gray Prize for their paper, ‘The Corrosion of 
Heating Surfaces in Boiler Plants: Further Studies 
in Deposit Formation.” A T. Bernard Hall Prize 
has been awarded to Professor J. L. M. Morrison, 
D.Se., A.M.1.Mech.E., for his paper, “ The Criterion 
of Yield of Gun Steels,”’ and to Dr. P. de K. Dykes, 
M.A., A.M.I.Mech.E., for his paper, “ Piston Ring 
Movement during Blow-by in High-Speed Petrol 
Engines.” The Joseph Whitworth Prize is awarded 
to Mr. T. A. Kestell, A.M.I.Mech.E., for his paper, 
“The Manufacture of Turbine Blades for the 
Whittle Engine”; the Ludwig Mond Prize to 
Mr. W. T. Bottomley for his paper, ‘‘ Erosion due 
to Incipient Cavitation”; and the Willans Pre- 
mium to Mr. H. Hillier, O.B.E., M.I.Mech.E., for 
his paper, “‘ Feed Distribution and Hunting in 
Marine Water-Tube Boilers,’ which was awarded the 
Thomas Hawksley Gold Medal in 1947. No award 
is being made on this occasion from the Engineering 
Applied to Agriculture Prize Fund. Institution 
prizes are awarded to Mr. J. W. Davies, Mr. H. W. B. 
Gardiner, B.Sc. (Eng.), M.I.Mech.E., and Mr. W. H. 
Gomm, B.Sc. (Eng.), A.M.LMech.E., for » joint 
paper, and to Mr. C. Eatough, B.Sc., M.I.Mech.E., 
Mr. R. B. Heywood, B.Sc., A.M.I.Mech.E., Mr. 
J. M. Kirkby, M.A., A.M.I.Mech.E., and Dr. E. C. 
Wadlow, B.Sc., M.I.Mech.E., for their papers. 


InsTrITUTION OF HEATING AND VENTILATING 
ENGINEERS. 


A suggestion that industries such as heating and 
ventilating would find it advantageous to have 
one specially-selected person to act as “‘ interpreter ” 
between research workers and manufacturers was 
made by Dr. H. J. Gough, C.B., M.B.E., F.R.S., 
M.1.Mech.E., at the Annual Dinner of the Institution 
of Heating and Ventilating Engineers at the Savoy 
Hotel, London, on Wednesday, February 9. He 
said that scientific workers were often tempera- 
mentally incapable of comprehending the needs of 
industry, and although the standard of research 
was very high in this country, the application of the 
results—fur which industry must be responsible— 
left something to be desired. There were certain 
branches of engineering which were not adequately 
backed by research facilities, but this would be 
rectified by the new mechanical engineering science 
laboratory which was to be built in Scotland. Dr. 
Gough was replying to the toast ‘Science and 
Industry,” proposed by Mr. R. E. Otter. The 
toast of “The Institution” was by Mr. 
Michael Waterhouse, M.C., president of the Royal 
Institute of British Architects, who suggested that 
heating and ventilating ‘engineers might do more 
on small domestic jobs; the res was by Mr. 
A. H. Bruce, President of the Institution, who said 
that heavy taxation of industry was seriously 
limiting the funds available for research, although 
firms were getting some of it back in the form of 
results from Government-sponsored research. Mr. 
Duncan Wallace, B.Sc., weloomed the foundation of 
the National College for Heating, Ventilating, 
Refrigeration and Fan Engineering, which had 
commenced activities last autumn. Mr. A. Robens, 
M.P., Parliamentary Secretary, Ministry of Fuel and 
Power, said he hoped the cost of coal would be 
reduced by greater efficiency and productivity in 
the mines, but it would never return to the level at 
which it could be said that coal was cheap. Speaking 
of domestic heating, he said that two schemes of 
district heating, at Urmston and Salisbury, were in 
operation and more would follow. 





Tae LaTe Mr. ERNEST LYALL.—We note with regret 
the sudden death of Mr. Ernest Lyall, which occurred on 
February 7. He was manager of Messrs. Armstrong 
Whitworth and Company (Pneumatic Tools) Limited, 
Close Works, Gateshead-on-Tyne, having held that 
position since 1937. His service with Messrs. Armstrong- 
Whitworth covered a period of 42 years. Mr. Lyall was 
at business as usual on the day of his death. 
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LETTERS TO THE EDITOR. 


THE ENGINEERING OUTLOOK : 
IV—THE MACHINE TOOL INDUSTRY. 
To THE Eprror oF ENGINEERING. 

Sir,—On page 78 of your issue of January 28, a 
brief reference to the use of electronic speed controls 
on British machine tools is made, which reveals a 
prevalent, but mistaken, impression of their value. 
Electronic control of direct-current motor speeds 
is only one of several methods of obtaining what is 
loosely termed “‘ infinitely-variable speeds.”” At the 
recent Olympia Machine Tool Exhibition, one 
British makér exhibited three different methods of 
obtaining variable speeds on headstock motors, 
one of which was electronic, but it should be empha- 
sised that the method used has no bearing on the 
precision, productive capacity, or usefulness of the 
machine. 

It is interesting to note that the electronic 
equipment referred to above was a recent British 
development in which the number of glass valves 
was reduced to two. An unsatisfactory feature of 
many electronic speed-control systems is the number 
of hard valves used having a limited life, and the 
servicing of such equipment in foreign countries must 
present a major problem. 

The value of electronic control to the machine-tool 
industry is likely to be much greater in the field of 
new applications, such as the electronic contouring 
attachment shown at the Exhibition, the perform- 
ance of which is certainly equal, if not better, than 
equivalent American equipment. Other similar de- 
velopments are in hand in this country, and it should 
be realised that progressive British machine-tool 
makers are fully alive to the possibilities of electronic 
control where this can be shown to improve the 
machine tool from a production point of view, but 


not otherwise. 
Yours faithfully, 
: J.C. Jonzs, A.M.I.Mech.E., A.M.LE.E. 
Hall Road, 
Bowdon, Cheshire. 
February 3, 1949. 





** TECHNICAL LITERATURE.” 
To Tae Eprror or ENGINEERING. 


Sir,—I am grateful to your reviewer for all the 
kind things he says about my book, on page 120 
of Enartnerrine for February 4, but I feel that his 
criticism of my treatment of abbreviations and 
jargon is unfair. 

I said that the abbreviations of technical terms 
and phrases which spring up in a particular organisa- 
tion, together with ad hoc abbreviations introduced 
in a paper to avoid the frequent repetition of a 
phrase, might be allowed, provided that they were 
explained at their first appearance. In a recent 
10,000-word paper on circuit breakers, for the 
sub-editing of which I was responsible, the abbrevia- 
tion “‘r.r.r.v.” (explained at its first appearance as 
meaning “rate of rise of restriking voltage ’’) 
occurred 50 times ; ten times in one 9-in. column ; 
four times in one short sentence. To have spelt it 
out every time would have bored and hindered the 
reader. 

Two pages of this very short book are devoted to 
the subject of jargon. Far from advocating the use 
of the word “‘ sparage ” (spare plant and accessories), 
I said that the sub-editor ought to reject it. 

Yours faithfully, 
Gezo. E. WILLiaMs. 
Brockley, London, 8.E.4. 
February 6, 1949. 

[We did not say that abbreviations should be elim- 
inated entirely, but that they should be curtailed ; 
like Mr. Williams, we consider they should only be 
used after due definition. Nor did we accuse Mr. 
Williams of advocating “ sparage,” which, we agree, 
should be rejected.—Eb., E.]} 





RvugR COAL PRODUCTION.—Statistics issued recently 
show that the production of coal in the Ruhr district 
of Germany totalled upwards of 8 million tons in 
December, 1948, compared with 7,710,000 tons in 
November. 





THE PRESENT STATUS OF THE 
ENGINEER.* 


By E. 8. Wapprveron. 


Ong hundred years ago engineering was broadly 
divided into three branches ; military, civil and mech- 
anical, the last of which was only beginning to receive 
recognition, as is shown by the foundation of the 
Institution of Mechanical Engineers in 1847. i 
the next 50 years, the profession began to specialise 
and several institutions were formed covering such 
branches as electrical, marine, locomotive and chemical 
engineering. It was also during this period, however, 
that the ged of Engineers was established to 
deal with all branches of the profession. About 
25 years ago another change took place when a fair 
percentage of the members of the professional societies 
tended to be drawn from those interested in theoretical 
rather than practical fields. An increasing number 
of engineering societies with specialised interests 
and largely concerned with scientific matters were also 
formed. This wide sub-division did not enhance the 
status of the profession and to-day it may be felt that 
there is a need for a certain amount of rationalisation. 
However, up to the beginning of the 1939-45 war, the 
profession, in spite of these numerous sub-divisions and 
the high degree of specialisation, was more or less 
clearly defined and was playing an increasing part in 
the executive control of private, municipal and Govern- 
ment enterprise. 

During the war, engineering was of paramount impor- 
tance ; and many thought that as a result the engineer’s 


This hope, however, has not been realised. In fact, the 
engineer’s status has been weakened rather than 
consolidated. So far as can be ascertained, few, if 
any, of peel war ae executives of the various boards of 
the nati ised industries or, in many cases, those of 
private enterprise, have been drawn from the engineer- 
ing profession. The same is true of the various projects 
for increased productivity and industrial development, 
which are now under active consideration. This 
appears to show a decrease in the importance of the 
engineer. If, however, we are to enjoy full economic 
recovery, it is essential for engineers to be employed 
to the fullest extent on those projects with which their 
profession is connected. This decline in the status of 
engineers has been brought about by a number of 
factors, of which the tendency to specialisation on the 
part of societies is one ; and it is to be regretted that 
the status and position of the engineer in this country 
is not recognised in the same way as that of doctors, 
lawyers and architects. 

It is appreciated that. it is extremely difficult to 
define the word engineer when used in the professional 
sense, so that it covers all branches of the profession. 
This difficulty tends to such curious emsetelies as the 
administrative engineer, the industrial engineer, the 
planning engineer, and the technical engineer. In fact, 
the present practice seems to be to add another word 
in front of “ engineer,” which implies that the latter 
term is not properly un In my opinion, the 
professional engineer should be one who has been 
trained in some branch of the profession and is com- 
petent to design, carry out, or have carried out under 
his supervision, works of an engineering nature, either 
of construction or manufacture. This definition is 
admittedly wide, but if it is correct it will at once be 
apparent how it has been confused. Practically all 
Continental countries limit the use of the title engineer 
to properly qualified persons, the others describing 
th ves as technicians. In the United States, most 
of the individual States have laws and regulations for 
the registration of professional engineers and registra- 
tion in the major States entails a very high degree of 
qualification. In view of this, the desirability of setting 
up a4 registration board for the professional engineer in 
this country should be considered. This might operate 
on similar lines to the Architects’ istration Council. 
It is, in fact, time that the leading institutions and 
societies considered the formation of a joint council 
to examine the question. This is particularly important 
in view of the modern tendency towards an organisation 
in which the engineer is liable to be controlled by the 
administrative or clerical side of the ind . The 
profession is entitled to a definite status in the com- 
munity, because it is due to the efforts of engineers that 
the present living standards in this country and else- 
where have been attained. Moreover, they can only 
be maintained and improved by the same means. 

Reference may also be made to the international 
relationships of engineers. It will be recollected that 
when a movement was initiated some five years ago to 
develop these relationships the Society of ineers 
gave it its full support. As a result, the World Engi- 
neering Conference was set up in Paris in 1946, by 
representatives of 35 nations, with the object of develop- 





.* Presidential address delivered to the Society of 





Engineers on Monday, February 7. Abridged. 





function would become established on a firm basis. | tered 


ing a world-wide liaison between engineering institu. 
tions. The possibilities of such an organisation appear 
to be immense, as a means of bringing together engineers 
of all nations for the correlation of practice, research 
and development. Similar organisations for otlier 
= have been launched or are in course of 
ormation, and there is a — tendency for them to 
link together with the United Nations Educational, 
Scientific and Cultural Organisation (Unesco). ‘I'he 
reports from the World Engineering Conference indi- 
cate, however, that while there is a general accession of 
membership and support from other countries, that 
from Great Britain is lamentably small and the repre- 
sentation nominal. This country, with its hundreds of 
engineering institutions and societies is in a position to 
make an impressive contribution to this international 
work and to play a leading role in its development. 
Indeed, many of the small countries are looking to 
Great Britain for a lead. It is, therefore, to be hoped 
that some means will be found for overcoming the 
general lethargy and indifference that have hitherto 
greeted all efforts that have been made in this country 
to co-ordinate the work of the institution and to con- 
solidate the professional status of the engineer. 

Another question closely bound up with the status 
of the engineer is that of initial training. The modern 
tendency is to give insufficient training in practical 
work. All professional engineers should be fully com- 

tent in the use of the tools and equipment appertain- 
ing to the particular branch they are following. Those 
responsible for the initial training should insist upon a 
high standard of practical skill. This is of particular 
value in appreciating the difficulties likely to be encoun- 
by operatives in working to detailed drawi 
It also enables those engaged in manufacturing design 
to visualise the practical, instead of only the theoretical, 
side. With the growing trend towards theoretical 

ining and the difficulties of obtaining practical 
tuition the young engineer is often deficient in this 
latter respect. The practical side of the training 
should, therefore, be extended and stressed far more 
seriously than at present. 

As rds developments in the practice of engineer- 
ing, while the next decade will shew a 
this will be achieved by the extension and development 
of existing apparatus and machines rather than by the 
evolution of new techniques. In mechanical engineer- 
ing we shall probably see the application of the jet 
turbine to locomotives, power stations and for marine 

, with the possible application to automobiles 
in the more distant future. With radar and electronic 
devices, a number of interesting developments are likely 
to take place, including the wider adoption of electronic 
motor control. Radar will probably be more exten- 
sively applied both for aircraft and marine use, with a 
possible application to a system of safety control on 
railways. bridge building and constructional work 
the new high-tensile steels that have been developed 
offer very interesting possibilities, as do the many new 
light alloys that are now available in sectional form. 
Developments are likely to be made with new and 
better methods of welding mild steel, high-tensile steel 
and light alloys, particularly as regards multi-spot 
welding, special types of electrodes, and new and 
improved automatic processes. 

Another class of equipment in which a considerable 
advance is likely to be made is in machines for auto- 
matically assembling either components or complete 
units. On the other hand, no great developments in 
completely automatic assembly lines are likely, ae 
experimental plants of this kind have been built. 
tendency will undoubtedly be to reduce manual labour 
to the minimum and to employ machinery for assembly. 
Developments will probably also take place in the 
long-distance transmission of direct-current at extra 
high voltages, and in the rectifiers associated with 
the projects. Another interesting possible development 
is the use of wind power on an extensive le. A 
satisfactory answer to the solution of the problem of 
utilising tidal power may even be achieved. 
profession therefore has still a vast field to conquer, 
and the need for skilled engineers is likely to be as great 
or greater than it is at present. 





LOCOMOTIVE BUILDING IN THE UNITED STATES.— 
According to an article in the issue of the Railway Age for 
January 8, the decline in steam-locomotive building and 
the increase in Diesel-locomotive building, which have 
been evident in the United States for some years, were 
continued in 1948. The number of steam locomotives 
ordered was 352, including 283 for export ; the remaining 
69 for the home market may be compared with 79 in 
1947. A Diesel locomotive may consist of one or more 
units, and as the number of units in a locomotive in 
service is sometimes changed, it is not possible to compare 
the total number of units ordered in 1948, which was 
2,822, with the total number of locomotives ordered in 
1947, which was 2,149. Export orders accounted for 144 
of the Diesel locomotives, and eight out of the total ef 





ten electric locomotives were also for export. 
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MAXIMUM-DEMAND METER AND 
ALARM. 


OnE result of the announcement that the Government 
has accepted the recommendations of the Clow Com- 
mittee ing the methods of ing with com- 
mercial electrical loads will probably be the 
greater use of that type of two-part tariff in which 
the fixed charge is based on the maximum demand. 
For this purpose, however, it is not the instantaneous 
maximum demand that is used, but the greatest of the 
average demands measured during the successive time 
intervals, generally half an hour, which make up 
the metering period. A method frequently employed for 
this p was devised by Merz and is embodied in 
the maximum-demand meters manufactured by Messrs. 
Ferranti Limited, Hollinwood, Laneashire. These 
meters, one of which is shown in the accompanying 
illustration, are self-contained units, which not only 
integrate the kilowatt-hours or kilovolt-ampere-hours 
consumed, but indicate the kilowatt or kilovolt-ampere 
demand. They are suitable for use on either three- 
phase three-wire or four-wire polyphase systems, 
and, it is claimed, are, specially adapted to metering 
extra high-tension supplies. 

The essential feature of these meters is an induction 
motor with a single disc, such as has been approved 











under the Electricity Supply (Meters) Act, 1936; and 
has been calibrated to the limits laid down in British 
Standard Specification 37/1937 for commercial-grade 
meters. The rotor is geared through the kilowatt-hour 
system toa pointer which indicates on a scale calibrated 
in kilowatts or kilovolt-amperes. At the end of each 
15 or 30 minutes interval, this pointer has rotated 
through an arc proportional to the kilowatt-hours 
consumed and consequently to the average load in 
kilowatts during that period. The gearing driving it 
is then disengaged for a few seconds by a synchronous 
motor acting through levers; and the pointer is returned 
to zero by a light hair spring, so that the cycle can be 
repeated. In the case of circuits the frequency of 
which is not controlled, this motor is replaced by a time 
switch. The timing unit is fitted with a small dial on 
which the elapse of the period is shown. As will be 
seen from the ‘illustration, the kilowatt-hour regi 

is of the six-dial type and occupies the centre of the 
maximum-demand dial. 

Messrs. Ferranti have also designed an alarm to enable 
an advance warning to be given of the fact that 
the maximum demand is being approached. This 
consists of an integrating unit with a synchronous 
motor re-setting mechanism, which operates eve 
five minutes. With this unit is associated an adjustab 
pointer, which can be set by hand to the demand which 
must not be exceeded, and a pair of contacts by means 
of which a warning bell or lamp can be o 
through a relay. In practice, this apparatus is con- 
nected to the supply in the same manner as a standard 
meter, the synchronous timing element being set to 
coincide with the first five minutes of the tariff demand 
period and the adjustable pointer to the demand which 
must not be exceeded. During the demand period, a 
small arm geared to the indicating unit moves round the 
same pivotal point as the setting pointer and at a 
rate proportional to the total three-phase load. If 
the average load is below the set value anes the 
fivem-inute control period, the small arm will not 
reach the setting pointer and will return to its original 
position at the end of the period. If, however, the 
average load exceeds the set value, the small arm will 





reach the setting pointer before the end of the five 
minute period and close the warning contacts. These 
contacts will remain closed until the end of the 
five-minute period when they will be opened by the 

It is clear that the duration of this warning is a 
measure of the seriousness of the position. If it lasts 
for less than 30 seconds it is an indication that watchful- 
ness is . If it lasts for more than that time, 
however, the must be immediately reduced. 
The warning will, of course, be repeated in each succeed- 
ing period if the excess load is allowed to continue. 
The time at which the warning starts is also an indica- 
tion of the amount of load reduction necessary. For 
instance, if it starts at the end of three minutes the 
load should be reduced by two fifths, that is by one fifth 
for each unexpired minute. 





BRITAIN’S ENERGY—A NEW 
CONCEPTION.* 
By Sm Cravve D. Gras, C.B.E., F.R.S. 


PROBABLY the greatest contributions to mechanical 
engineering science, as we know it to-day, came from 
Watt, Stephenson and Parsons. Time will decide 
whether a further name shall be added to that trio— 
that of Frank Whittle. Certain it is that engineers of 
the future will pay tribute to Whittle for the indomitable 
courage he showed in the face of early failures when 
voyaging into the unknown of stresses and tempera- 
tures. James Watt made possible the industrial age. 
Stephenson revolutionised world land transport. 
Parsons’ life work is probably too close for it yet to 
be seen in true perspective, but at least we can say 
to-day that Parsons developed the steam turbine, 
and with it came the modern power station and the 
widespread adoption of electrical energy, as well as a 
revolution in sea transport. 

The demand for energy, whether industrial or 
domestic, is greater in Britain to-day than ever before, 
and must go on increasing if the nation is to survive. 
More power, as the servant of each man in industry, is 
essential to-day and in the future. For too many years 
we have suffered the real hardship of inadequate heat 
in our homes, factories and offices. More light in our 
factories, homes and streets would add much to produc- 
tivity, cheerfulness and comfort. In using the title 
“* Britain’s Energy,” I am referring to the prevailing 
shortage of power, heat and light, although, in ing, it 
might be said that Britain to-day is also aie short 


of our industrial and domestic power 
and light comes from coal via steam boilers, steam 
turbines and electrical generators. The air revolution 
which Whittle’s work on jet propulsion produced, has 
focused popular attention on the gas turbine as a 
future rival to the steam turbine for driving electrical 
generators. Almost certainly, the first description of 
the present-day gas turbine was that contained in 
Patent Specification No. 6735 of April, 1884, granted 
to the Hon. Charles Algernon Parsons, in which he first 
described his pressure-compounded steam turbine and 
then suggested a multi-stage axial-flow compressor 
delivering pressure air through a combustion chamber 
in which fuel, solid, liquid or gaseous, was burnt before 
the air passed to a turbine mounted on the same shaft. 
Parsons, however, was so engrossed in the development 
of the steam turbine that it was not until the later 
years of his life—actually, in 1927—that he again gave 
serious attention to problems of the gas turbine. 

Parsons fully appreciated that the two main problems 
to be solved were the evolution of high-efficiency air 
compressors, and the provision of materials capable of 
long operation at temperatures far above anything then 
contemplated. High gas ng 2 a are the life blood 
of the gas turbine, while the heart—upon which its life 
depends—is the compressor. Advances in aerodynamics 
—particularly over the past 25 to 30 years—have 
made mr compressors of an efficiency adequate 
for successful operation; while recent metallurgical 
improvements in high-temperature alloys enable 
efficiencies to be realised making it worthwhile. 

In round figures, for a typical gas turbine, it may be 
taken that a 1 per cent. improvement in compressor 
efficiency means an increase of over 2 per cent. in overall 
cycle efficiency, while an increase of 50 deg. F. in 
initial temperature means an improvement of about 
1 per cent. in cycle efficiency. High temperatures and 
their corresponding high efficiencies can be realised if 
long life is sacrificed, as in the case ef the aircraft 
engine, but for industrial turbines a life of at least 
100,000 hours operation must be achieved, and the 
phenomen»n of creep makes it essential to limit stresses 
and temperatures in the land or marine turbine to obtain 
long life: Experience already obtained indicates that 
it is possible to obtain an efficiency and service reliability 





* Watt Anniversary Lecture, delivered to the Greenock 
Philosophical Society on January 21, 1949. Abridged. 





turbine equal to a corresponding 
steam plant, provided selected fuels are used. It is here 
that we come to the first serious stumbling block in the 
application of the gas turbine—that of the fuel it can 
use. The present-day steam boiler can burn a wide 
range of coals or heavy fuel oils for periods of six to nine 
months or more without coming out of use, and large 
electrical power stations demand such service. The 
gas turbine to-day could not give this service on similar 
uels, but could probably do so by using a middle 
distillate oil such as Pool Diesel. Fuel costs, however, 
in this country would then be so high as to make 
continuous operation quite uneconomic. 

Increased efficiency almost always can be obtained 
by adding complication and thus increasing capital 
cost. The balance between excessive capital charges 
and reduced operating costs is always a difficult one 
to obtain. Often the calculations on which the decision 
is to be made are of a highly speculative nature, and no 
two engineers would agree on their interpretation. 
Opinion, for instance, is sharply divided on the merits 
and demerits of the open and closed gas-turbine cycles. 
Scotland, on this question, would be unlikely to agree 
with England or England with Scotland. The open- 
cycle gas-turbine engine is being adopted for two 
15,000-kW units and a 10,000-kW set for installation 
in England, while Scotland has selected the closed 
cycle for its 12,500-kW plant. A comparison of 
—— results in relation to capital costs will be 
invaluable as a guide to further development, and he 
would be a brave man who would forecast the result. 

If the upper temperature of operation is limited to 
some 1,200 deg. F., and capital costs and space occu- 
pied are reduced appreciably below corresponding 
boiler and steam-turbine plant, to offset high-grade 
fuel extra costs, then the gas turbine could compete 
in this country only if the load factor were below 
20 per cent. Thus, unless metallurgical developments 
allow the use of much higher temperatures, or un 
the gas turbine is developed to burn coal or low-grade 
oil, its field of application must be severely limited. 
The gas turbine has captured the imagination of many 
people—some engineers, some not—and a great deal 
of nonsense has been said of it; but there are many 
with a very clear idea of the limitations of the gas 
turbine who yet are concentrating great energy and 
experience into its development and spending large 
sums of money on researches applicable to it. Why 
is this ? 

Firstly, there is no reason why the steam turbine 
(as distinct from the steam boiler) should not operate 
as successfully at as high an initial temperature as the 
gas turbine, but with a correspondingly higher thermal 
efficiency because of the greater temperature range of 
the steam cycle. Hence experience with high tempera- 
tures in gas turbines is applicable immediately to the 
steam turbine, once boiler superheated-outlet tempera- 
tures can be raised. In general, it is the economics of 
the boiler and its auxiliaries and steam pipes which 
limit an appreciable increase in steam thermal effi- 
ciencies. This may not always be the case and then 
the steam turbine will gain from gas-turbine experience 
and force still further developments in the gas turbine 
if the latter is to hold a place in power generation. 

Secondly, refinements in aerodynamic design which 
might be desirable in the steam turbine, but for their 
added cost, become essential in the gas turbine; and 
advances in compressor and turbine-blading design 
and manufacture must inevitably lead the way to 
improvements in the steam turbine. Hence, researches 
into many of the problems of the gas turbine will yield 
results of great value to the steam turbine. 

These two prime movers—the gas and the steam 
turbine—will, between them, share the field held by 
power plants of large output, and a neck and neck 
race for efficiency and economy in operation may be 
anticipated. Small power requirements, where 
steam is not called for, will probably continue to be 
served by the Diesel engine when electricity is not 
available. Already on the world’s railways the power 
race is on between the old-established steam engine, 
the well-tried Diesel-electric and the new gas turbine, 
and with the increasing cost of coal the odds begin to 
favour the latter two competitors. 

Discounting the possibility for many years to come 
of the generation of a substantial part of our power 
requirements from the heat liberated by nuclear fission, 
our standard of living and comfort is going to depend 
on the availability and efficient use of coal and oil. 
Is it too much to hope that there may yet arise a 
statesman, a scientist or an engineer, with sufficient 
vision, sufficient power, sufficient courage, to realise 
that no longer can Britain go on wasting that most 
precious of our few remaining assets—coal? Coal at 
present, as for many centuries past, is ied and 
treated as a fuel. Its average efficiency of utilisation 
over the 200 million tons consumed annually in this 
country is only some 15 per cent., and it will remain 
at about that figure so long as we treat coal as a primary 
fuel. 

When, however, coal is regarded as a chemical, and is 
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treated as such, we open up possibilities, the limits of 
which seem to expand with every consideration ; 
and in this expanding sphere, where coal is a chemieal, 
we see a continued great future for the steam turbine 
and wee ter for the gas turbine. Coal has been 
nationalised, the electricity-supply industry also—so 
has t rt and now is the moment to 
integrate these four great industries—all of them depen- 
ding on our dwindling and most important national 
asset—coal. If we miss this chance of integration, it 
will never occur again—could not occur again. 

It is almost certain that, by looking at coal as a 
national asset, and regarding electricity, gas and 
transport as one national undertaking and not as 
individual industries, we could in, say, 20 years, obtain 
the same amount of power, heat and light from about 
120 million tons of coal as we now obtain from 200 
million tons. To do so would require a huge amount 
of capital expenditure which no one of the nationali 
industries individually could justify, but which, 
looked at as a long-term national problem of the next 
50 years, is absolutely vital to the continuance of 
Britain as a great power. It is, indeed, likely that, in 
less than 50 years, we shall only be raising about 
120 million tons of coal a year. 

Despite the nonsense talked about atomic power 
generation, there is no evidence in sight that such 
generation will be economic or likely to compete with 
coal as our main source of energy for a great many 
years. It is true that atomic power generation is 
possible to-day, but not to give a lus output of 
power over that required to produce the fissile material 
and to re-treat it for further use. If and when new 
metals are discovered, having the special properties 
demanded by the atomic pile, then the problem will be 
somewhat simplified, but the economics of atomic 
power generation are almost certain to prove once again 
that “ You can’t get owt for nowt.” 

Study of the future of energy generation makes one 
realise how important it is to cease wasting coal and coal 
by-products. It is of little avail to ask consumers not 
to switch on a radiator during peak-load periods—if the 
radiator exists and the room or occupier is cold, the 
switch will go on. But if the radiator used gas over 
the peak period, the effect would have been far less 
serious, because gas can be stored and the gas-making 
plant does not have to be designed and built to deal 
with short-time loads, but with average loads 
overadayor two. It is in this fundamental difference 
between gas and electricity—the ability to store the 
one and not the other—that we receive a clue to a 
national fuel policy. 

To build sufficient electric power stations so that 
radiator load could be supplied during peak-load 
periods would be extravagant and would not give a 
return on the capital employed. Hence, in effect, 
other uses of electricity would have to subsidise the 
radiators used over peak-load periods. This attack 
on the open-bar electric radiator does not mean that 
off-peak or night electric hot-water storage heating is 
to be dise Quite the reverse—night storage 
heating . for kground temperatures should be 
encouraged to the maximum, with the open radiator 
banned during periods of exceptional peak load. The 
solution is to use electricity where it is the most efficient 
and economic form of energy, and to use gas where gas 
is supreme, which is mainly in industrial and domestic 
heating. 

Coke is essential in the production of iron from 
crude ore, and in the subsequent refining or casting, 
but, in general, if gas and electricity were plentiful 
and cost no more than solid or liquid fuels, few people 
would want to use anything else. Can electricity and 
gas be made available at a price capable of ing 
all other forms of energy ? I believe not only that the 
answer is Yes, but that we must use every endeavour 
to achieve that ideal in the long-term national interests. 

Coal as a major fuel in the production of electricity 
is not likely to be reduced in cost, but probably the 
reverse. Capital charges for new power stations are 
already from 2} to 3 times those pre-war, and, again, 
are not likely to be reduced. One important way by 
which electricity costs can be reduced is to produce a 
greater number of electrical units per annum for a 
given capital investment. Similarly, transmission-line 
capital charges can only be reduced by carrying a larger 
number of units per annum. Hence one way of re- 
ducing electricity cost to the consumer is by a marked 
increase in the overall load factor of generation and 
distribution. Another way is by the further adoption 
of thermal-electric stations and district heating. 

On railways, the average efficiency of coal-fired 
locomotives to-day is probably less than 6 per cent. 
By main-line electrification, that av efficiency 
could be improved to about 20 per cent., and by 
careful scheduling of freight trains, running these 
mainly through the night, a marked increase in elec- 
trical base load, and therefore in load factor, could be 
achieved. The cost of railway electrification to-day 
would probably be nearly 750/. million sterling, and 
such a figure appears frightening considered only as a 


transport capital charge; but, regarded as a national 
problem and not as a transport industry problem, it 
becomes more attractive. This is still assuming that 
raw coal is the fuel used for electricity generation. 
This, however, need not be the case, and, indeed, must 
not continue to be the case. 

Experiments in America, Belgium, and, it is urider- 
stood, in Russia, have shown the unde gasifica- 
tion of coal to have possibilities, and it may be that 
the shortage of manpower, and the difficulties and cost 
of coal-winning, will force underground gasification on 
the coal industry at an accelerating rate. It is not, 
however, necessary to await the successful development 
of underground gasification, with its attendant control 
difficulties, to achieve startling economies in coal 
utilisation. The majority of the coking coals raised in 
Great Britain are already carbonised in coke ovens 
or gasworks, and yet there is a national shortage of the 
gas and coke resulting from that carbonisation. It is 
evident that a great expansion of coal carbonisation 
could be made and there would still be an immediate 
use for its gas, coke and the hundreds of by-products 
thus obtained ; but the bulk of the coal available is 
of the house or steam type, and there is ample experi- 
ence to show that these coals also canbe processed, 
recovering the majority of their by-products and 
leaving a residue of semi-coke. One or other of the 
low-temperature distillation systems would achieve 
that end with almost all our coals. 

A study of our national economic situation indicates 
that, unless something radical is done, we are always 
going to have an adverse balarice of trade and that, 
in the future, we shall find it increasingly difficult to 
pay for the imports of food and raw materials, and of 
the oils and petrols which mt road transport 
demands for its operation. ydrogenation of coal 
could, in, say, 20 years, make us almost entirely 
independent of imported oils or petrols, but the capital 
cost would be very high. One of the by-products of 
high-temperature and low-temperature distillation, 
likely to be a large surplus of such processing, would 
be creosote, and this is an ideal compound for subse- 
quent hydrogenation. If the distillation processes are 
adjusted so; hat the maximum yield is obtained of 
those by-products in test demand, the national 
economic picture weed be so greatly changed as to 
make me believe that the huge capital expenditure 
would be fully justified. 

The semi-coke residue from low-temperature dis- 
tillation is an ideal fuel for an orthodox chain-grate 
stoker-fired steam boiler or for pulverised firing, and 
there appears to be no reason why an enhanced base 
electrical load could not ultimately be generated 
entirely from the consumption of this semi-coke 
residue. According to the distillation system adopted 
and the type of coal being processed, the gas delivered 
will vary widely in quantity and calorific value. It 
may be as low as 200 B.Th.U. or as high as 1,000 B.Th.U. 
per cubic foot. Should it be of the lower value, a 
relatively simple process will enrich it, if required, but 
there is no difficulty in utilising it at its value as 
produced. Tf it has a thermal value above 500 B.Th.U., 
it can be used to enrich the gas from orthodox gas- 
producing plants and used domestically and industrially. 

It is my belief that the large gas turbine will come 
into its own only when it does not compete with the 
steam turbine as to the type of fuel it can use ; that is 
to say, when it is truly a gas turbine and not while 
its fuel is solid or liquid. Gas having a calorific value 
even below 100 B.Th.U. per cubic foot—such as 
cleaned blast-furnace gas—is an ideal fuel for the gas 
turbine; and, in the steel ind ing blast- 
furnace gas, there is a field for the gas turbine to-day. 

By operating the distillation processes at a reasonab’ 
constant load, although adjusted seasonally, they will 
achieve maximum efficiency and provide a relatively 
small storage problem for the semi-coke residue. A 

problem is created for the gas, but this could 
be solved by high-pressure gas storage and then the 
gas turbine, true to its name, can be used ideally for 
dealing with peak electrical loads—already reduced in 
magnitude by wo electrification and by the replace- 
ment of domestic electric radiators with gas heating 
systems or off-peak electric thermal storage. 

(To be continued.) 
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ROAD TRANSPORTATION OF 85-TON BoILER.—A Scotch 
boiler weighing 85 tons and 17 ft. in length was 
recently conveyed by road, in one piece, from Southamp- 
ton to London. The boiler, which was provided by 
Messrs. George Cohen, Sons and Company, Limited, to 
supply power and heat to the factory of Messrs. Beautility 
Furniture, Limited, Edmonton, was first taken by a 
coasting vessel from Appledore, Devon, to Southampton, 
where it was unloaded by a 150-ton floating crane on to 
a special trailer belonging to Messrs.-E. W. Rudd, 
Limited. The journey to Edmonton took three days, 
as the vehicle travelled at a maximum speed of 8 miles 
an hour and had to be accompanied by police escort 





over the whole distance. 


THE CONSTRUCTION OF PRE- 
STRESSED CONCRETE RAILWAY 
SLEEPERS. 


Tue problems arising from the scarcity of steel 2nd 
timber, and the paramount need to conserve sterling 
currency, are reasons which unquestionably favour the 
more widespread use of concrete railway sleepers on 
British trac Nevertheless, whatever the economic 
advantages, the production on a large scale depends 
finally upon’ the suitability of the sleepers for the 
ape range of duties, including main-line operation. 

t would appear that conclusive evidence exists to 
this effect, as the most active measures are being taken 
to implement the policy, formulated by the Government 
in 1946, which has as its objective the progressive 
increase in the supply of sleepers of this kind until by 
1951 the yearly output should approach 1,000,000. 

Only one design has been selected for the purpose ; 
it is the pre-stressed type, weighing 525 Ib. and re. 
inforced wise with 20 tensioned wircs in con. 
formity with the British Standard Specification No. 
986-1945. Sixteen of the wires are disposed in pairs 
beneath the urfaces on the sides and top, the remaining 
four — spaced individually about the centre line and 
sufficiently wde apart to clear the four cored ho!es 
for the chair bolts. The wire has a breaking strain of 
100 tons to 110 tons per square inch and each length 
is subjected to a dead load of 2-2 tons (correspondi 
o 70 tons per square inch) during the pouring and 


etting of the cement. the tension is 


is taken to conto the 
ratio of 0-37 in order to ensure a 
very dense high grade concrete after consolidation by 
vibration. 


The type of sleeper was evolved as a result of war- 
time research conducted mainly by the Department of 
Scientific and Industrial Research, and, at one time, 
the only firm manufacturing in any quantity was 
Dow-Mac (Products), Limited, Tallington. The is- 
try of Works, as the department responsible for the 
whole programme, decided not only to increase the 
productive capacity of this firm, but to enlist the aid 
of others as well, and to approach the Ministry of 
Cae See Sew Co Es pk of She epee 
of the ammunition-filling factories. The outcome was 


: 


, of which that at Chorley 
u ik to produce 250,000. Although the second, 
and by far the larger, sleeper-making unit at Chorley 
is still in course of construction, the output already 
approaches 2,500 sleepers a week. 

e manufacturng procedure is comparatively 
simple, but in order to attain a high rate of production 
and full employment of every piece of equipment, 
elaborate plant and machinery had to be installed with 
steam, electrical, pneumatic and hydraulic services. 
Adequate floor space is essential on account of the 
five days the sleepers must remain undisturbed while 
the concrete sets, and the space must be long relative 
to the width in order to accommodate as many sleepers 
as possible on each run of wires. At Chorley, two exist- 
ing sets of buildings were adapted to form the two 
sleeper-making units, No. 1 being equipped for 44 lines 
of 36 sleepers ; "No. 2 will accommodate 52 lines of 
57 sh The major additions to both buildings 
were the abutments at the north and south ends, 
between which run the tensioned wires in lengths of 
320 ft. and 540 ft., respectively. Any appreciable 
movement or creep while under the total tension 
of 880 wires in one case and 1,040 in the other, would 
introduce serious irregu'arities in the actual stressing, 
and, ntly, the abutments had to be extremely 
massive. They extend across the widths of the buildin; 
and consist of mass concrete 8 ft. 10 in. wide and 19 ft. 
deep, laid in the excavated s between two rows of 
interlocked steel piles ; the driving of these to a depth 
of 26 ft. was difficult owing to the presence of running 
sand and pockets of hard boulder clay. The abut- 
ments rise slightly above floor level and carry the main 
steel members for the anchor plates. These are 
mild-steel blocks drilled to accommodate the wires, 
and one of each pair has three jacking screws which 
serve to release the tension when dismantling a line 
of sleepers. Every hole is machined with either one 
or two longitudinal grooves of 0-095 in. radius, and 
a ta plug, similarly grooved, is fitted to each, 
thereby providing the means of wedging the wires 
under tension. In both buildings, the floor space is 
bisected by a wide, deep trench which is continued 
to a servicing bay on the east side; above it is a 
platform, almost completely decking it over, with an 





extension to the west where the concrete mixers are 
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and the wires are run out through a vibrating box 
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MANUFACTURE OF CONCRETE RAILWAY SLEEPERS. 





Fie. 1. 


Friuixe Position. 





Fic. 2. Firtuve Hopper 


situated. The purpose of this arrangement is to 
provide working spaces above and below the wires, 
permitting the traverse of overhead concrete hoppers 
to any station and giving access to them for replenish- 
ment by wheelbarrows or power-driven skips from the 
mixers.» A general view of this position is given in 
Fig. 1. Within the trench, the vibrating-table equip- 
ment can be moved likewise, and a double system of 
roller conveyors and turntables is installed in order 
to remove the finished sleepers and feed back the 
empty moulds to the working positions. The con- 
veyors within this trench communicate with those 
which extend across the factory floor to the abutments 
on each side, a turntable-lift effecting the rectangular 
movement and rise in level. Much of the plant 
described so far was fabricated from secondhand or 
reclaimed war material. The roller conveyors were 
made from 3-in. rocket ammunition tubes, with journals 
machined from bases of six-pounder cartridge cases ; 
military bridging equipment provided the steelwork 
for the frames, as well as the decking and platforms. 

Sleepers are handled in pairs during manufacture, 
each line of roller conveyors being wide enough to 
accommodate two side by side. A trolley carrying 
20 spools of wire is brought up to any desired station 








AND Prmary VIBRATOR. 


containing carborundum, and entered into the cluster 
of holes in the anchor plate. The ends are gripped 
by a winching device and hauled across to the opposite 
abutment, the thorough removal of rust and draw- 
bench lubricant from the wire being effected during 
its slow passage through the abrasive. When suffi- 
cient wire has been drawn out to s the abutments, 
the taper plugs are driven in, the wires cut, and 
the trolley moved to the next position. The free 
ends at the opposite abutment are suitably indexed 
and threaded through corresponding holes in the 
anchor plate, which must be jacked out to the fullest 
extent. A carriage fitted with hydraulic cylinders is 
moved up and stresses the wires in pairs, each wire 
being subjected to a dead load of 2-2 tons, which is 
maintained by wedging as before. When the second 
set of wires has been run out and tensioned, the over- 
head hopper and — -table equipment are trav- 
ersed over to them. Moulds are brought across in a 
steady flow from the servicing bay, assembled to the 
wires by slotted end-plates, and conducted side by side 
on to the vibrating table. Here, as shown in Fig. 2, 
they are filled from the overhead hopper, receive their 
primary vibration, and are hauled away either to the 
north or south until the sets of wires are completely 
occupied, except for minor gaps for the operation of a 





cutting torch. Roller conveyors beneath the wires sup- 
port their weight, but any disturbance which the move- 
ment may cause is corrected by a portable vibrator 
applied at this final station. Advantage is taken of the 
good lighting conditions at these extended places to 
trowel off the mould without unduly smoothing the con- 
crete, as this surface forms the underside of the sleeper. 
Filling operations proceed to the next two spans 
and continue until the factory floor is very nearly 
covered with moulds in various stages of curing. About 
five days after filling, the initial lines of sleepers are 
ready for dismantling. The jacking screws on the 
anchor plates are slackened and this releases the residual 
tension in the wires exposed between the moulds. An 
oxy-acetylene cutting torch then severs them and the 
sleepers, in pairs, are moved over the rollers to the 
central trench. Here a turntable-lift takes them, is 
lowered to communicate with the service conveyor 
and passes out the moulds to the re bay, 
where they are stripped from the sleepers and 
along to be cleaned, oiled and returned to service. 
ent while. the sleepers are placed on another set of 
conveyors for visual inspection and gauging, and, in 
addition, one from each line is subjected to a combined 
bending and shearing test, the smallest indication 
of failure resulting therefrom entailing rejection, or 
lower classification of the whole line of sleepers 
involved. The exacting nature of the control can be 
inferred from the method*of placing the sleeper so 
that the underside of the rail-seat bridges a 12-in. 
gap between two supporting strips of mild steel. A 
distributed load of 30 tons is then applied hydraulically 
to the rail seat by a steel plate 5 in. wide, extending 
across the sleeper, all contact surfaces being rubber 
covered to eliminate any stress concentration. The 
pressure is maintained while the examiner searches 
for hair-line cracks or other apparent faults, and if 
none is found, the batch is considered to be cleared 
and the sleepers continue along the production line 
for loading directly into wagons at the railway sidings 





ANNUALS AND REFERENCE BOOKS. 


Industrial Electronics Reference Book.—The publica- 
tion of this book is an indication of the Ssapertens 
position that electronic devices are now taking in e 

neering practice. It has been compiled by members of 
the staff of the Westinghouse Electric Corporation and 
ne vee s Some measuring 8} in. by 11} in., 
and containing 1,259 illustrations. As suggested in the 
preface, development has been so rapid in the electronic 
field that most practising engineers have not been able 
to keep pace with its ramifications and possibilities. 
Many books have been published dealing with the 
physical background of e mics and with various 

heres of application, but it is doubtful if such a com- 
hlete survey of the whole field as is presented in this 
ae ha has been made available previously. As it 
has been produced by an engineering firm, the book is 
essentially concerned with practical ends, but as it is 
doubtful if electronic devices can be applied to the 
best advantage without at least a general knowledge 
of their principles, the first three chapters of the 
volume are céncerned with theoretical concepts and 
basic laws. /These are followed by seven chapters 
dealing with the design and operation of the different 
types of electronic tubes, which are the fundamental 
parts of any electronic equipment. A series of chapters 
is then devoted to the consideration of circuits and 
controls, leading up to 14 chapters in which the various 
types of industrial equipment are described. Two 
important final chapters deal with the care and 
maintenance of tubes and electronic apparatus. 
Although these latter chapters will probably be of most 
direct interest to engineers who are not electronic 
specialists, a study of the earlier sections will greatly 
assist proper understanding and will help towards wise 
decisions on what is economically practicable. Eleo- 
tronic devices have their limitations as well as their 
qualifications ; they enable things to be done which 
cannot be done in other ways, but they also, in man 
cases, offer an alternative to other procedure ; it 
however, the alternative has no economic justification, 
it is not likely to take a permanent position in practice. 
The book, which contains extensive bibliographies to all 
its sections, and an adequate index, is published in 
America by John Wiley and Sons, Incorporated, of 
440, Fourth-avenue, New York, at 7-50 dols., and 
in England by Chapman and Hall, Limited, 37, Essex- 
street, London, W.C.2, at 45s. net. 





WIDER OMNIBUSES FOR LONDON.—The prototype of 500 
8-ft. wide omnibuses for London Transport Executive 
has been completed by Leyland Motors, Limited, Leyland, 
Lancashire. The extra width of 6 in. has been arranged 
to benefit both passengers and conductor, the gangway 
having been widened by 4 in, and each double seat by 
1 in. All 500 omnibuses will be fitted with Leyland 
125-h.p. direct-injection Diesel engines, and will be used 
at first on suburban routes. 
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LABOUR NOTES. 

Tue Engineering Industries Association, which 
represents some 3,500 British engineering firms, has 
protested to the Board of Trade against disclosure to 
other Government departments of trade information 
obtained by the Board from the census of production. 
A trial census, based on production in 1947, and 
covering 15 of Britain’s major industries, was taken in 
January, 1948, in preparation for the full census, 
covering production in 1948, which will take place 
shortly, for the first time since 1935. The Association 
states that engineers are puzzled and alarmed at the 
wide powers which appear to be claimed by the Presi- 
dent of the Board of Trade, Mr. Harold Wilson, under 
clause 5 of the census form which firms were required 
to complete. 





Mr. Wilson reserves the right under that clause, the 
Association states, to disclose the quantities or values 
of articles produced, sold, or delivered, even in opposi- 
tion to the wishes of the individual undertakings 
concerned. The Association is unabe to understand 
the reasons for this important addition to the clause 
which appeared in the trial census form and its state- 
ment continues: ‘ During the Committee stages of 
the Statistics of Trade Act, 1947, it was stated that 
one of the purposes of the Act would be to enable 
Government departments to ebtain additional statis- 
tical information which would help them to appreciate 
economic trends. At no time, ._ however, was any 
indication given that it was proposed to reveal indi- 
vidual figures.” 


The rejection of the claim of the National Union of 
Railwaymen for certain adjustments in the rates of 
pay for pieceworkers in railway workshops was an- 
nounced on Monday. The National Arbitration Tri- 
bunal, to which the dispute was referred by the union, 
found in favour of the Railway Executive, and con- 
firmed the Executive’s interpretation of the agreement 
under which the difficulty arose. This agreement was 
concluded in May last and provided for an increase of 
4s. in the basic rates of craftsmen. It also contained 
a reference to adjustments for pieceworkers, the inter- 

tion of which has been the cause of some dissatis- 
action in the railway workshops since last June and led 
to the dispute. It was felt that the method of enna 
rates of payment to give pieceworkers a minimum 0 
27} per cent. on the new basic rates would not benefit 
craftsmen on higher-rated piecework production. 
During the progress of the dispute, the Railway Execu- 





tive offered, as a compromise, to adjust piecework | £& 


ices to give an additional 2s. to craftsmen not 

efiting under the May agreement. After acceptance 

by the Confederation of Shipbuilding and Engineering 

Unions and rejection by the National Union of Rail- 
waymen, that offer was withdrawn. 





Some 7,760,000 workpeople received wage increases 
during 1948, amounting to a total of 1,890,000/. 
weekly, an average rise of just over 5s. a week for each 
individual. The cost to industry will run at the rate 
of about 98 million pounds annually, and it is worthy 
of note that the great majority of these increases were 
obtained after the publication, in Fe last, of 
the White Paper announcing the Government’s policy 
for the limitation of wage increases and dividends. 
Comparison with 1947, when a weekly total of 
1,735,0001. was shared between 4,973,000 persons, 
shows that 2,787,000 more earners received 
increases in 1948, but the total weekly increase was 
only 155,0001. more. According to the Ministry of 
Labour Gazette, 7,980,000 workpeople received increases 
amounting to a weekly rate of 2,901,3001. in 1946, 
and 7,308,000 obtained increases, to a total of 1,806,100/. 
weekly, in 1945. In 1939, increases totalling 980,900/. 
weekly, were shared by 6,150,000 people, but 65,800 
individuals had their wages reduced by amounts aggre- 
gating 8,5001. a week. These figures exclude domestic 
servants and clerical wage earners, but those for 1948 
include Government employees and shop assistants, for 
the first time. 





Changes in wage rates which were reported to the 
Ministry of Labour as coming into operation in the 
United Kingdom during December resulted in a total 
increase estimated at about 33,000/. in the weekly 
full-time wages of some 159,000 persons. The work- 
people concerned were distributed over a very wide 
range of trades and included, in the engineering field, 
limestone quarrymen, iron-ore miners, maintenance 
craftsmen at certain cement works, persons engaged in 
iron and steel manufacture in the West of Scotland, 
and journeymen employees in the electrical-contracti 
industry. Approximately 19,000/. out of the total o' 
33,0001. for the month was gained as the result of 
direct negotiations between emp!oyers and employees, 
or their representatives ; about 8,000/. resulted from 
arbitration awards; and some 4,0001. was awarded by 
Orders under the Wages Councils Acts. 


Wage increases during 1948° were well distributed 
among workpeople in all industrial groups except 
agriculture. The largest section to benefit was the 
metal, engineering and shipbuilding group of industries, 
in which 2,575,500 persons increases i 
640,8001. weekly, an average of a ae more than 5s. 
each. Another large body of employees who received 
increases were those engaged in the building and civil 
engineering construction group, in which 1,106,500 
operatives shared wage additions aggregating 97,6001. 
weekly. In the gas, water and electricity supply 
group, 240,500 wage earners received increases amount- 
ing to 64,3007. weekly ; 483,000 persons in the public 
administration services gained additions totalling 
136,4001. a week; and- 787,000 employees 
shared a weekly total of 193,600. Approximately 67,500 
miners in the mining and quarrying group obtained 
increases which amounted in all to 27,5001. weekly, 
representing an average rise of over 8s. per individual. 
All the figures quoted relate to rates of wages for a full 
week and do not take account of variations arising 
from other causes, such as overtime. 





The index of rates of wages for all classes rose from 
103 at the end of December, 1947, to 105 at the end 
of March, to 106 at the end of June, and to 107 on 
October 31, since when it has remained unchanged. 
The rise of 4 per cent. in 1948 compares with increases 
of 5 cent. in 1947 and 8 per cent. in 1946. The 
rate for men only rose from 103 at the end of December, 
1947, to 107 on December 31, 1948; and the rate for 
women only from 103 at the end of December, 1947, to 
109 on December 31, 1948. The rate for juveniles 
only rose during the same period from 106 to 110. 
The present index of wage rates was commenced on 
June 30, 1947, which is taken as 100. 





The rise in the interim index of retail prices during 
1948 was slightly in excess of that in the index of 
wage rates. For all items, the index rose from 104 on 
December 16, 1947, to 106 on February 17, 1948, to 
108 on April 13, and to 109 on November 16, at which 
level the figure remained on December 14 last. For 
food only, the index rose from 103 on December 16, 
1947, to 108 on December 14 last. On June 15, 
1948, and on that date only, the fi stood at 110 
for all items and at 113 for food only—an all-time 
peak, The rise of five points in the all-items figure 
during 1948 was mainly due to substantial increases 
in the prices of and bacon in February, the higher 
duties on alcoholic drink and tobacco in April, and a 
neral upward movement in the cost of clothing 
throughout the The interim index is based on 
prices ruling on June 17, 1947, which are taken as 100. 





Fewer working days were lost in industrial disputes 
in 1948 than in any other year since 1943. Working 
days lost by strike action in December last amounted 
to 30,000, against 90,000 in November and 80,000 
in December, 1947, bringing the total for 1948 to 
1,944,000, compared with 2,433,000 in 1947, 2,158,000 
in 1946, and 2,835,000 in 1945. The yearly average 
number of days lost during the period 1914 to 1918 
was approximately 5,360,000. In the three years 
immediately following the first world war, the average 
number of days lost was approximately 49,140,000 annu- 
ally, according to statistics compiled by the Ministry 
of Labour. From 1922 to 1932 (omitting the year 1926, 
when over 162 million days were lost, mainly in the 
coal-mining dispute and the general strike), the average 
was about 7,560,000 days a year. In the sixteen years 
since 1933, the number of days lost has varied between 
940,000 and 3,710,000, with a yearly average of about 
1,900,000. 


During 1948, 1,758 disputes commenced, in which, 
with others in progress at the beginning of that year, 
a total of 423,000 persons were involved ; compared 
with 1947, when 1,721 stoppages commenced and, in all, 
623,000 persons were involved ; and 1946, when 2,205 
strikes were started and a total of 529,000 individuals 
was displaced. In 1939, 940 disputes occurred, in 
which, with others in progress at the beginning of that 
year, a total of 337,000 wage earners were involved, 
with an aggregate loss of 1,356,000 working days. 








Almost one-half of the total number of working days 
lost through industrial stoppages in 1948, resulted from 
disputes in the engineering, shipbuilding, and iron, 
steel and other metal trades industries. These three 
industries were responsible between them for 266 
strikes in which 107,600 persons were involved and in 
which 899,000 working days were lost. In 1947, 291 
stoppages occurred in these industries in which 111,000 
workpeople took part and 579,000 days were lost. 
The largest single stoppage last year resulted in the loss 
of some 450,000 days in a national strike by about 23,000 
employees in the vehicle building and repairing industry, 
in support of a claim for wage increases, which lasted 








for almost the whole of April. 








THE DEVELOPMENT OF THE GAS 
ARC.* 


By J. N. Auprneron, B.Se., Ph.D. 


SEVERAL years ago the author and his colleagues 
observed that, at high pressures and very high current 
densities, argon could be excited in a gas-filled tube to 
produce an intense white light of high efficiency, 
Krypton and xenon appeared to exhibit even more 
favourable characteristics, and it was therefore decided 
to make a large-scale investigation. The basic problem 
was to evolve a lamp in which a continuous are could 
be produced at higher current densities than had been 
employed previously. It was found that a constricted 
discharge occurred in krypton and xenon at quite low 
pressures, and this suggested that it would probably 
he re to exceed a pressure of a few hundred 
millimetres of gas to obtain sufficiently high current 
densities in the gas arc. As, however, such a con- 
stricted discharge tends to be mobile and difficult to 
control it was considered that, to obtain stability, the 
are itself must be closely confined and the convection 
currents set up in the gas restricted as far as possible 
by the design of the envelope. These conditions suy- 
gested the use of a lamp of tubular form and of com. 
paratively high loading. As current densities of the 
order of several hundred amperes per square centimetre 
were envisaged it was thought that at gas pressures up 
to one atmosphere the arc voltage drop per unit length 
was likely to be low. The first experimental lamp was 
therefore made suitable for carrying currents up to 
200 amperes which, with a voltage gradient of 10 volts 
per centimetre, would mean a loading of 2,000 watts 
per centimetre of arc . 

The only ical material for the containing vessel 
of a lamp of this kind is quartz. A calculation showed 
that a quartz tube 20 cm. long and 1 cm. in diameter 
would be needed for the dissipation of 1 kW and that 
these dimensions would be consistent with an arc- 
tube temperature of about 1,000 deg. C. This is the 
maximum temperature which it is considered a quartz 
tube will withstand without devitrification or other 
changes likely to lead to premature failure. On the 
same basis, a 10-kW air-cooled lamp would require a 
tube about 40 cm. long and 4 cm. in diameter. In 
such a wide tube, however, the arc would be unstable, 
owing to the influence of convection currents, while a 
longer and narrower tube, say 200 cm. long and 1 em. in 
diameter, would require a very high voltage and 
a low-current arc. It was therefore necessary to con- 
sider forced cooling. It was then found that a 10-kW 
water-cooled gas are could be contained in a quartz 
tube 1-5 cm. in diameter, the are length between 
electrodes being from 12 to 15 cm. only. These data 
formed the basis for the first experimental gas-arc 
lamps. As a result of past experience with discharge 
lamps it was decided to use electrodes of the thoriated 
tungsten type, free from alkaline earth activation, and 
to shape the electrode tip so as to concentrate the arc 
on to a very small area. This design enabled the 
electrode tip to be raised to a temperature near melting 
point as quickly as possible after the discharge had been 
initiated and the are to be centred in the containing 
tube, thus preventing it from making contact with the 
quartz wall. To ensure that the electrode did not over- 
heat, its dimensions were chosen to enable it to be 
water cooled, thus reducing its size and obviating the 
need for more complex construction. 

In the early experimental gas arcs, the conductors 
connecting the electrode to the external circuit con- 
sisted of a molybdenum sheet bent into a cylinder. 
These cylinders, however, were not quite complete, 
being designed to cover only about 350 deg. ofarc. The 
opposing edges were also feathered to less than 20 
microns in thickness. The sealing member surrounded 
the rear portion of the electrode, as shown in Fig. 1, 
opposite, in which a is the thoriated-tungsten elec- 
trode, b the molybdenum sealing foil, c the quartz rod 
and d a molybdenum rod forming the conductor carrying 
current to the exterior. As the seal and electrode 
assembly were both water cooled, the arrangenent was 
very compact. For instance, a complete seal to carry 
150 am was only 12 mm. in diameter and 20 mm. 
long. e finished —. is shown in Fig. 2. This lamp 
was operated successfully at 10 kW for short periods 
and for several hours at 7-5 kW. It was the prototype 
of a series of experimental lamps with different gas 
fillings. These lamps were constructed with various 
tubing diameters and arc lengths in order to determine 
the optimum dimensions for a given loading. As a 
result of this work the original eh an Fae were shown 
to have led to approximately the optimum design. 

It was found several years ago that, if the current 
density in a flash tube filled with argon, krypton or 
xenon were sufficiently high, a white light was produced. 
An analysis of this white light revealed the fact that 





*- Paper entitled ‘“‘ The Gas Arc: A New Light Source,” 
read at a meeting of the Illuminating Engineering 
Society on Tuesday, December 14, 1948. Abridged. 
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with each gas a very complex line spectrum was 
dom‘nated by an intense continuum of radiation 
extending from the remote ultra-violet through the 
visible spectrum up to at least 11,000 A in the infra-red. 
The white colour was therefore not primarily due to 
the coincidence of supplementary spectral lines, but 
to the similarity of the flash discharge to that of an 
incandescent body. This indicated a way of producing 
a white light through the medium of a gas discharge, 
which would have colour rendering properties similar 
to those of daylight. Actually it was found that the 
flash discharge through argon, krypton or xenon was 
slightly more blue than that of an incandescent body 
at temperatures up to 6,500 deg. K. This is important 
in view of the results subsequently. obtained with the 
continuously burning gas arc. Notwithstanding the 
fact that the current densities are less than those 
at the flash-discharge peaks the colour of the radiation 
from the xenon gas are resembles that obtained with 
sunlight and that from argon and krypton is little 
different. A neon-filled gas-arc lamp gives a pinkish- 
white light, which approaches more nearly to daylight 
as the current density is increased. 

The spectral distribution has been measured in the 
eight spectral bands, which have been standardised 
in this country for the assessment of the colour com- 
position of light sources. In the instrument used for 
this purpose a pure spectrum from the source under 
investigation is caused to fall on eight rectifier-type 
photo-cells dimensioned and located so as to cover 
the visible spectrum in each of the eight agreed bands. 
The results obtained from such measurements are 
expressed as percentages of the total luminosity in the 
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visible region 4,000 to 7,000 A. Some typical data 
are given in Table I, from which it will be seen that a 
very close approximation to the colour of daylight is 
obtained from the xenon arc. 


TABLE I.—Typical Spectral Distribution Values for 
Argon, Krypton and Xenon, under Gas Arc Conditions. 





Waveband in | Percentage Luminosities 














CLE. 
- Tilumin- 
. 
— | Xenon | Krypton. Argon. — 
4,000 to 4,200..| 0-021 | 0-02 0-042 | 0-0248 
4,200 to 4,400 “| 0-21 | 0-30 0-42 0-266 
4,400 to 4,600 |:| 0-70 | 0-74 0-98 0-910 
4,600 to 5,100 ..| 10-9 | 9-5 11-6 11-14 
5,100 to 5,600 ..| 38-7 | 38-2 40-7 40-88 
6,600 to 6,100 :.| 36-0 87-5 32-0 36-14 
6, 00 to 6,600 ..| 12-4 | 12-6 12-7 9-96 
6,600 to 7,200 |.| 1-05 1-09 1-6 0-726 
' 





* This illuminant is one of three specified for use in colorimetry 
by the Commission Internationale de l’Eclairage. It is intended 
to simulate daylight at a colour temperature of about 6,500 
deg. K., and is produced by an i d t-fil t lamp 
operating at a colour temperature of 2,848 deg. K. in conjunction 
with a specified liquid filter consisting of two solutions, each 
a = contained in a double cell of colourless optical glass. 
—Ep., E. 

In assessing the value of a near white light source 
the eye is an important arbiter. The colour atlas 
issued by the British Colour Council forms a valuable 
comparison medium from which the appearance of 
different ccloured materials may be com: under 
daylight and under the illumination from artificial light 








CONCENTRATED Gas-Arc LAMP. 
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sources. This method was employed with the gas 
arc and comparisons were made both with daylight 
from a north sky and with sunlight. Detectable differ- 
ences occurred on only very few of the numerous test 
colours in the atlas. One of the most sensitive visual 
comparison tests is that of the human complexion, 
and in the opinion of a number of observers skin colour 
and texture under the illumination of the xenon gas 
arc are indistinguishable from their appearances under 
sunlight. Photographic comparisons have been made 
with test subjects illuminated, in turn, with the xenon 
are, with daylight and with various other artificial 
light sources, using Kodachrome, Dufaycolor and the 
Technicolor process. It has been found that the light 
of the gas arc is suitable for colour photography by any 
of these processes. 

With certain of the rare gases the highest luminous 
efficiencies are obtained at quite low gas pressures and 
the efficiency tends to fall.as the gas pressure is in- 
creased. It has also been found that there is a well 
defined minimum in the efficiency-pressure and effi- 
ciency-current characteristics of several of the rare gases 
and that beyond this minimum the efficiency tends to 
rise with both increasing gas pressure and increasing 
current. Some typical data are given in Fig. 3, which 
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shows the luminous efficiency of krypton and xenon 
arcs over a range of operating conditions. These 
results apply to an arc length of 60 mm., with a gas 
poe of 700 mm., and a tube bore of 12 to 13 mm. 

t will be seen that the particular krypton arc under 
test had an efficiency of 20 lumens per watt at 5 kW, 
and that at the same loading the efficiency of a similar 
xenon lamp was 30 lumens per watt. Fig. 4, 141, 
shows the brightness distribution for a 1-5-kW xenon 
gas arc along the axis of the arc and across it at a point 
midway between the electrodes. The peak brightness is 
about 2 x 10‘stib. These results were obtained on the 
concentrated gas arc of the type shown in Fig. 8. 
The centre are brightness of the 5-kW gas are with a 
loading of 1 kW per centimetre of arc length is, how- 
ever, about 5 x 10° stilb. The brightness of the gas 
arc is therefore intermediate between that of the 
tungsten-filament lamp and that of the high-intensity 
carbon arc. 

Typical current-voltage relations for xenon and 
krypton under gas-are conditions are shown in Fig. 5, 
page 141. These were obtained with gas arcs in which 
the ionised gas was confined within a comparatively 
restricted space between the lamp electrodes. It will be 
seen that in the region A-B an increase in current causes 
a decrease in the voltage drop between the electrodes, 
while in region B-C further increases in current result 
in a steady increase in the arc voltage. This increase 
in are voltage is probably not due to electrode effects, 
as it is associated with a steady increase in the efficiency 
of light production. The point- at which reversa 
of the characteristic occurs, however, is conditioned by 
the design of the lamp as well as by the nature of the 
gas filling. This change in the current-voltage relation- 
ship is obtained with all the gases investigated, except 
helium, in which the ion has a higher mobility owing 
to its lightness. In each case, the development of the 
intense arc continuum is associated with the region 
of positive characteristic. Sufficient data are not 
yet available to enable the life of the gas arc to be 
stated with any accuracy. Water-cooled lamps with 
a loading of 5 kW, however, have been operating 
successfully for periods in excess of 100 hours, and in 
some cases up to 500 hours. With alternating-current 
lamps electrode sputter is remarkably small and the 
lumen maintenance is high. With direct-current 
lamps there is some gradual darkening at the anode 
end. No reliable data are yet available regarding 
lumen’ maintenance. 

No measurable difference in efficiency or colour has 
been noticeable between direct-current lamps and 
those operated on 50-cycle alternating current. In 
both cases the voltage drop per centimetre of arc length 
is about 10 volts and the current density across the 
discharge section is about 200 amperes per square 
centimetre. A gas arc designed to have a lamp voltage 
drop of 70 to 100 volts may be operated from either 
110-volt or 200- to 250-volt alternating-current mains. 
The current can be conveniently limited to the desired 
value by a series choke. The only problem is to ensure 
ignition. Owing to the relatively high gas pressures 
employed in the gas arc, which may lie between 100 mm. 
of mercury and several atmospheres, a voltage of about 
2 kV is n to produce the ionisation required 
to initiate the main discharge. This voltage can be 
applied from the output of a stray-field transformer, as 
shown at a in Fig. 6, page 141. In this di , bis the 
gas arc, c the series chokes and d the main switch. With 
a circuit of this type the ionising arc may be left on for 
one or two seconds before the main switch is ee. 
When this ha: , the full arc current and fu 
light output yt once obtained. Ne appreciable 
change in the lamp characteristics occurs once the full 
arc current is flowing. 

For operation on direct-current it is only necessary 
to substitute a resistance for a reactance. To obtain 
the optimum results, however, the lamp electrodes 
must also be modified, as the anode tends to reach a 
higher temperature than the cathode. Gas-arc lamps 
have been operated on direct-current mains without any 
limiting resistance in circuit. The lamp current is 
automatically maintained at a suitable value provided 
that the normal are voltage has been adjusted to be 
about the same as the applied voltage. With direct- 
current operation the light output is, of course, com- 
pletely steady and fluctuates only with changes in the 
input power. An important characteristic of the 
gas arc is that the arc current can be modulated over a 
considerable range without any serious change in the 
colour of the radiation. 

As mentioned above, the first gas arcs were water- 
cooled. The electrical and luminous characteristics of 
the lamp are not, however, a function of the water 
cooling, nor indeed of any of the external conditions. 
Water-cooling enables the highest loadings to be 
obtained with available transparent refractories, such as 
quartz, and without it the optimum characteristics 
cannot at present be secured. Interesting results have 
been obtained, however, with other methods of cooling. 
The latest types of 5-kW water-cooled lamps are illus- 
trated in Fig. 7, page 141, the lower lamp shown being 


for direct-current operation without a water jacket and 
the upper for alternating current with a water jacket. 
A stream of water is automatically circulated or 
connection may be made to the mains For a 5-kW 
lamp the rate of flow should be about 5 litres per 
minute. Both terminals of the lamp are immersed 
in water, an arrangement which has proved effective 
owing to the low voltage when current is flowing 
in the arc. It also allows quite thin flexible conductors 
to be used for carrying lamp current, as these may be 
immersed in the water stream or may constitute part 
of the water-circulating system, such as the entry or 
exit tubes. In either case the conductor, being water- 
cooled, has a low energy loss and no difficulties have 
been experienced with the lamp connections, notwith- 
standing the heavy currents. Some of the characteris- 
rd Ra a standard 5-kW gas-arc lamp are given in 
‘able II. 


TABLE II.—Dimensions and Characteristics of Standard 
5-kW Gas-Arc Lamp and Flow Jacket. 











Alternating Direct 
Current. Current. 
Lamp. 
Wattage oe 5,000 5,000 
Line voltage .. 200 to 250 | 100 to 250 
Are voltage .. aS About 65 About 65 
Arc current, amperes About 80 About 80 
] | Striking voltage a en .-| About 3,000 | About 3,000 
Luminous efficiency, lumens per 
ean " wt ne oa oto ae 
verall length, mm. ee fe: + + 
Arc length, mm. * ee 65 +1 65 +1 
Max, external diameter, mm. 22 2 
Cap... rep ee Brass shell | Brass shell 
Cap diameter, mm. .. ee Ri 17 17 
Cap length, mm. ae a wa 25 25 
Burning position ° Horizontal | Horizontal 
or Vertical. | or Vertical. 
ie down. 
Flow Jacket. 
Overall , mm. re --| 25041 a 
Jacket holder ia ..| Special brass — 
Jacket-holder length, mm. .. 6 30 -- 
Jacket-holder diameter, mm. ‘ 27 40 
(internal) (external) 
Minimum internal diameter of 
glass, mm. ee a od 26 -- 











For applications where light of good quality is 
essential and the efficiency of the light source is not so 
important. development work is p ing on air- 
cooled linear types of gas arc. For instance, a 750- 
watt air-cooled xenon arc is 300 mm. long and 14 mm. 
in diameter. The arc length is 90 mm. and the arc 
voltage and current 49 volts and 17 amperes, respec- 
tively. The efficiency is 17 lumens per watt. Some 
measure of increased cooling to the seals and electrodes 
oy deve effected by the use of radiating fins. This type 
of p will operate in free air without any forced 
cooling and is a suitable source for floodlighting and 
for many projection purposes, as well as for general 
illumination where a comparatively large light output 
of daylight quality is needed.. Other air-cooled types 
are under development. While the actual colour of 
the radiation from the air-cooled lamp is not quite so 
satisfactory as from the higher loaded water-cooled 
type, it is still sufficiently good for high quality interior 
illumination and for other purposes where good colour 
rendering is desirable or essential. In the zone imme- 
diately in front of the cathode spot the brightness of 
the gas arc may reach values of 10* stilb. nsidera- 
tion of this fact has led to work on concentrated gas 
ares. In this type of lamp the electrodes are brought 
sufficiently close together to give a high brightness 
source of small dimensions suitable for projection pur- 
poses in natural colour. A typical lamp of this kind 
is illustrated in Fig. 8, page 141. It has an arc length 
of 4-5 mm. and an arc width of 4mm. The arc voltage 
is 15, and the are current 100 am , the peak 
brightness being 20,000 stilb. It will be seen that the 
are space is confined to prevent free circulation of the 


highly ionised gas. 

e luminous characteristics of the gas arc render it 
eminently suitable for photographic, film and television- 
studio illumination. In the case of Technicolor films 
a great advantage is the similarity of the radiation to 
that of daylight. It may therefore be used to supple- 
ment daylight or to simulate sunlight. In ordinary 
studio colour photography the subject may be illumin- 
ated to a very high intensity without the heating effects 
associated with other sources. The fact that once the 
lamp is ignited no further attention is required, and that 
a constant light output is obtained, are notable advan- 


tages. 

Fig. 9, page 141, illustrates a transportable laboratory 
outfit with water-cooling arrangement, control panel 
and reflector. It will be seen that the water-cooling 
arrangements are suitably housed and that only two 
flexible leads are connected to the lamp housing. 





These connections carry both the water and the elec- 
tricity supplies. 





CONTACT ARC-WELDING. 


A PaPER on “Contact Arc-Welding,” by Dr. P. C. 
van der Willigen, chief chemist, Philips Research 
Laboratories, Eindhoven, Holland, was among those 
read and discussed on December 10, 1948, at the Sheet 
and Strip Metal Users’ Technical Association’s third 
winter conference, which was briefly referred to in our 
issue of December 17, 1948, on page 591. The author 
said, that ~~ F much progress had been made in the 
development of weld metal electrodes during the iast 
20 years, the practice of arc-welding still remained an 
art, the chief difficulties being the maintenance of the 
are and the correct arc-length. With some electrodes, 
the touch welding technique could be employed, and in 
this the cup of the electrode coating rested on the 
workpiece ; the soft electrodes normally needed with 
this technique had poor mechanical properties, however, 
and, partly because of this, the process was not often 
- Moreover, touch welding, by requiring rela- 
tively thickly-coated electrodes, increased the propor- 
tion of the slag-forming material, and also needed extra 
heat to melt the thicker coatings. These drawbacks 
could be overcome to a large extent by the use of the 
recently developed ‘ contact electrodes,” which had 
been so named because their coatings, as in touch- 
welding, remained in mechanical, as well as in electrical, 
contact with the work. A large amount of iron powder 
was incorporated in the coatings, and the proportion of 
slag-forming material therefore remained unchanged ; 
the actual ratio of iron in the coating to the total iron 
content could be adjusted to give the best welding 
properties for different positions of the electrodes. 

Some of the main advantages of contact electrodes, 
it appeared, were derived from their being in contact 
with the work. It was claimed that they facilitated 
starting, and minimised variations in the length of the 
are and in the resultant fluctuations of arc voltage and 
current, thereby enabling a fairly uniform pene- 
tration to be obtained. The steadiness, of the arc also 
ensured uniform burning of the alloying elements in 
the electrode coatings, and this, together with the fact 
that the electrodes are in contact with the work, reduced 
fatigue in the welding operator. Welding in difficult 
positions, particularly on overhead or vertical runs, was 
made easier, and, in confined spaces, the ease of starting 
and the elimination of the freezing danger were special 
advantages. The t of penetration obtained with 
contact- and with iease electrodes, respectively, is 
represented diagrammatically in Figs. 1 and 2, opposite. 
In both cases the arc, indicated by the curved lines 
between the electrode a and workpiece b, emanated 
from the core of the electrode, but the arc stream 
was more concentrated with the contact type, the 
core of which was necessarily closer to the work. 
This greater concentration increased the digging-in 
effect of the arc, and thereby caused a relatively shallow 
depression at the sides of the weld, but a comparatively 
deep penetration at the centre. The formation of this 
deep central penetration was also helped by the gas 
strean., which, because the electrode cup rested on one 
side, was directed to the side where the bead was 
deposited, and therefore tended to blow the molten 
metal away from under the arc to enable the latter 
to eat into the mt metal more easily. Smaller 
bevel angles, fadee to a saving in deposited metal 
and in time, were needed with deep penetrations, 
and heavier sized rods could be used, especially in 
those instances where ordinary electrodes of small 
diameter were employed to obtain sufficient ‘root 
depth. The fewer layers required with heavier elec- 
trodes also led to a further saving in time and reduced 
distortion, while the greater heat input per layer, 
it was claimed, improved the mechanical properties 
of the welded joint. 

Contact electrodes were also said to have advantages 
in vertical down welding, which for contact- and free-arc 
electrodes is shown diagrammatically in Figs. 3 and 4, 
respectively ; in both cases a —e a globule of 
slag-covered metal being transferred to the work, 
b indicates the electrode core, and c the coating. With 
free-arc electrodes, vertical down — was often 
restricted to thin sizes of plate because of insufficient 
penetration at the root of the joint, while the molten 
metal, as indicated in Fig. 4, tended to flow downwards 
and cover the solid metal against which the arc was 
directed. This tendency was reduced with contact 
electrodes, since, as shown in Fig. 3, the arc was 
deflected upwards and more against the molten pool 
and into the metal beneath. It had been found also 
that, for equal welding currents, the rate at which metal 
was deposited was, in general, faster with contact- 
than with free-arc electrodes; this was attributed 
to higher arc voltages, and to the arcs being shielded 
for a greater proportion of their length by the containing 
cups of the contact electrodes. Data given in the 
paper indicated that the deposition rate was about 
20 per cent. faster, but that it could sometimes be 
much higher, since the heavy heat absorbing coatings 
of the contact electrodes enabled them to carry higher 
currents. 
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As the contact types ‘did not freeze when they 
touched the work, they could be used also for a form of 
spot welding defined as “ contact-arc spot welding.” 
In this process, an electrode was placed vertically 
on the top of the upper of the two sheets or plates to 
be welded, and, after the arc had been struck, was 
pushed lightly through the molten spot in the top 
sheet until it touched the lower plate. When the inter- 
faces were molten, it was withdrawn, and the resultant 
voil filled by droplets. The whole procedure, for sheets 
of normal thickness, lasted about two seconds, though 
some experience was needed to obtain the best results. 
Good contact between the sheets was essential, but 
sheet metal in which the upper plate was from , in. 
to } in. in thickness, could bs spot-welded successfully 
by this process to lower plates of any thickness. The 
general technique of contact arc-welding could be used 
under water. 





RETURN TO SERVICE OF M.V. “ DUNNOTTAR CASTLE.”’— 
The Union-Castle liner Dunnottar Castle, which saw 
considerable service during the war as an armed merchant 
cruiser and troopship, has been reconditioned by her 
builders, Messrs. Harland and Wolff, Limited, Belfast, 
and sailed from London on February 9 for East and 
South African ports via the Mediterranean and Suez Canal. 
The Dunnottar Castle was built in 1936 and has accommo- 
dation for 220 first-class and 240 tourist-class passengers. 
She will join the Llangibby Castle in maintaining the 
company’s intermediate service to East Africa via the 
Suez Canal, returning to the United Kingdom via South 
Africa. Two other Union-Castle Line vessels, the Lilan- 
stephan Castle and the Llandovery Castle, operate the 
same service but in the reverse direction. 





NUFFIELD FELLOWSHIP IN EXTRACTION METALLURGY. 
—Further particulars have come to hand regarding 
the Nuffield Foundation Research Fellowship in Extrac- 
tion Metallurgy. The Fellowship will be tenable at the 
Royal School of Mines, London, for up to five years, 
and the funds available are sufficient to provide a 
salary of from 1,2001. to 1,5001. per annum for the 
Fellow, as well as about 2,5001. per annum for assistants 
and apparatus. Conditions are 1ot stipulated regarding 
the nature of the research, but preference will be given 
to a candidate who proposes to study some problem bear- 
ing on the basic scientific principles of metal extraction. 
The date for the receipt of applications has been put 
forward, and the applications, which should give details 
of the candidate’s qualifications and experience, the 
names of three referees, and an outline programme of 
the research, should be received, not later than March 
31, by the secretary, the Institution of Mining and 
Metallurgy, Salisbury House, London, E.C.2. 
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“ENGINED RING” 


FLAME SPRAYING OF METALS 
AND PLASTICS.* 


By F. A. Rivert, M.A. 


Tue metal-spraying guns now in use for applying 
protective coatings are a development of those 
envisaged by a Swiss engineer, Dr. M. U. Schoop, at 
the beginning of the present century. In 1910, Schoop 
developed a method of spraying metal that employed 
a stream of molten metal conveyed by compressed air 
and forced through a suitable nozzle. The apparatus, 
however, weighed over a ton and this prevented its 
commercial utilisation. Some years later metal in the 
form of wire was used, this being conveyed into the 
nozzle of a pistol at a constant rate so that the end of 
the wire was melted in a gas flame and atomised 
continuously. Forms of this type of equipment are in 
common use to-day. The present-day powder pistol 
was patented in this country by another Swiss engineer, 
Fritz Schori. It has now been developed far beyond 
the original conception of Schori, and is a tool in wide 
use all over the world, although all the development 
work on the spraying of non-metallic substances has 
been carried out in this country.t 

The pistol can spray metals and alloys having a 
melting point below 1,600 deg. C., and a wide variety of 
fusible non-metallic substances. Perhaps the most 
important application of flame spraying of metals lies 
in the protection of iron and steel from corrosion. 
Zinc is the most commonly used metal for this purpose 
and it would be informative to outline the manner in 
which zinc performs this function. Zinc is a fairly 
reactive metal and, being readily corrodible, new zinc 
soon becomes covered with a layer of corrosion product, 
the nature of which determines its subsequent corrosion. 
In normal atmospheres the product is usually a complex 
compound of a basic nature such as 4ZnOCO,.4H,O or 
ZnCO,.3Zn(OH), which exerts a retarding influence on 
corrosion, but in highly polluted atmospheres this 
basic film may not be present. This explains the more 
rapid attack experienced in service in such conditions. 
For example, it has been estimated that the life of a 
zinc sheet, 0-030 in. in thickness, exposed at Cardington 
in a rural atmosphere would be 260 years, but only 80 
years at Birmingham or Glasgow in an industrial 
atmosphere. The effectiveness of the zinc coating 
depends partly on the lower corrosion rate of zinc 





* Paper entitled “‘ Flame Spraying of Metals and 
Plastics in Engineering and Shipbuilding,” read before 
the Institution of Engineers and Shipbuilders in Scotland, 
on February 8, 1949. Abridged. 

t An illustrated description of the Schori powder 
pistol was given in ENGINEERING, vol. 163, page 297 
(1947), 





as compared with iron, and partly on galvanic action. 
Thus, if pieces of zinc and iron are joined together 
in a solution, the zinc wi | corrode preferentially, and, 
within limits, the iron will not rust so long as there is 
zine present. 

One of the most interesting examples of the efficacy 
of zinc spraying for preventing marine corrosion of steel 
is evidenced by the behaviour of the upper chain links 
of the Menai Bridge, which were zinc-sprayed in 1939-40 
when the bridge was being reconstructed. Two 
examinations of the bridge have been made recently 
by parties of engineers and their report confirms the 
efficacy of zinc spraying in greatly increasing the life 
of the paint film on s eel.* : 

Of more immediate interest in Glasgow is the beha- 
viour of the lifeboats of the Orient liner 8.8. Orcades, 
which were manufactured and zinc-sprayed there in 
1937. The lifeboats were in service until 1943 when 
the Orcades was sunk by enemy action. The survivors 
took to the boats and were rescued by ships which were, 
however, too small to collect the lifeboats, which were 
cast adrift. The boats were picked up at various times 
from two to ten months later, many of them having 
drifted around in the South Atlantic half submerged. 
They were brought back to England and found to be 
in such good condition that it was possible to put 
them back into service. 

It is also interesting to note that the main tanks of 
four submarines, Seal, Sunfish, Sterlet and Tigris, were 
zine-sprayed for the Admiralty. Many similar jobs 
were done, including the zinc spraying of the fuel tanks 
of the aircraft carrier H.M.S. Ark Royal. There are 
numerous instances where the entire bull of smaller craft 
has been shot-blasted and zinc-sprayed with excellent 
results. The survey launches Stork and Heron were 
treated in this way. Quite recently 140 30-ft. and 
40-ft. all-weldei launches were shot-blasted and zinc- 

yed. The use of the rust-proofing process enabled 
thinner plates to be employed, as no allowance had 
to be made for wastage. A job recently completed at 
Ayr on the tanker Pass of Brander for the Bulk Oil 
Steamship Company is of particular interest. She is 
an ex-German ship and was being reconditionéd before 
being put into service. It was found that the plates 
in the bottoms of the tanks were heavily pitted and 
corroded. They were shot-blasted and zinc-sprayed 
until the pits had been filled up flush with the sur- 
rounding areas, which were also rust-proofed ; rust- 
proofing work was also done on the deck round and 
under the pipe lines. After the ship had been in service 
for well over a year, an opportunity occurred of exam- 


first | ining her, and it was found that the sprayed work was 


in first-class condition. 

In recent months some very extensive work on the 
rust-proofing of the deep tanks of cargo ships has been 
carried out in the Bristol Channel with satisfactory 
results. The constant attention required to keep 
such tanks in fair condition, and the high cost in- 
volved, are well known. In view of the good results 
in increasing the life of paint coats obtained on earlier 
work, it was decided to treat the deep cargo tanks of 
the Trevanion and subsequently the tanks of the 
Trewidden and Trevaylor ; similar work was also done 
on the Devon City. The tanks were shot-blasted to 
present a perfectly clean and slightly roughened surface, 
and they were then zinc-sprayed and painted. These 
vessels have now made many long voyages, and while 
in the ordinary way it would have been necessary to 
scale and paint the tanks at frequent intervals, no 
such attention has been needed at all over a peried of 
more than twelve months. The cargo tanks have 
carried water ballast, grain, salt, sugar, etc., and have, 
in fact, been exposed to the customary severe condi- 
tions. The cost of shot-blasting and zinc-spraying 
followed by painting is usually about double the cost 
of scaling and painting without zinc spraying, but this 
higher first cost is repaid many times over. 

The adhesion of sprayed zinc is mechanical and 
flexible, and the coating will withstand severe punish- 
ment without flaking. This has led to some interesting 
work on vessels which have been built in this country 
and shipped abroad in sections for transporting across 
land and rebuilding on the Great Lakes of Africa. 
Such steelwork receives very rough treatment in 
loading and unloading and overland transport, and it 
was found that the galvanised coating previously used 
suffered severe damage. Large numbers of vessels have 
now been zinc-sprayed and the coatings have survived 
the handling involved and have given remarkable 
service on the African Lakes, where the water is 
notoriously corrosive. One of the most recent cases is 
the tug Sesse, built for the Kenya and Uganda Railway. 
As is well known, it is sometimes found that one or 
two plates on the hull of a large vessel corrode very 
heavily while the remaining steelwork is in excellent 
condition. This occurred on the Almeda Star; the 
— a corrosion on the bottom of the ship was 

e good by shot-blasting and zinc ing to bri 
the surface level again. After two Slag Sipuaph the 





* See ENGINEERING, vol. 166, page 474 (1948). 
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work was inspected by the representatives of the 
Admiralty, the Ministry of Transport, and others, and 
was as perfect; no further inspections are 
required. The most outstanding example of this type 
of repair concerns the rudder of the Queen Mary. 
When she was dry-docked after one year’s service it 
was found that the rudder was very heavily corroded, 
the pits in some instances being so deep that it was 
feared the rudder might be punctured. It was decided 
to shot-blast and zinc-spray the surface to bring it 
flush, the whole valley hale painted with the usual 
painting technique. The author had the opportunity 
of examining this work ten years later and found that 
it was still in excellent condition, despite the high 
water speed and other adverse conditions due to the 
proximity of the screws. A further examination was 
made when the Queen Mary was dry-docked in October, 
1948, and the work was still in perfect condition. 

All common metals can be sprayed. Aluminium 
spraying is coming into increasing use in preventing 
corrosion of steelwork, particularly under industrial 
conditions. It is also widely used for protecting steelwork 
from heat scaling, where the best results are usually 
obtained by aluminising, which consists of aluminium 
spraying followed by heat treatment at approximately 
850 deg. C. to cause the aluminium to diffuse into the 
steel. Lead spraying is employed for preventing the 
escape of X-rays from medical apparatus and also for 
protecting steelwork under mildly acidic conditions. 
For example, it gives excellent results when the steel- 
work is exposed to the products of combustion of coal 
gas, and many other fuels, owing to the formation of an 
efficient protective scale which seals any pores in the 
coating. Tin spraying is used in the food industry 
and copper and bronze spraying are commonly used for 
decorative purposes. 

As previously mentioned, as a result of research 
work carried out in this country during the war, 

wder flame spraying, originally developed by Fritz 

hori, has been adapted to the spraying of a wide 
variety of thermoplastic substances. The technique 
differs because, whereas in metal spraying the particles 
of metal powder are sintered together on the surface 
to form a coherent coating, with plastics it is possible 
to fuse the coating completely to form a continuous 
pore-free layer. At present, one of the most important 
of these fused plastic coatings is polythene, sometimes 
called alkathene. The plastic has very good electrical 
insulating properties and is unaffected by acids and 
alkalis up to a temperature of 80 deg. C. Flame- 
sprayed polythene is widely used as a protective 
coating for chemical plant, such as tanks, pipes, valves, 
etc. Polythene can be pigmented to any desired 
colour and thus presents a most attractive and decora- 
tive appearance. By changing the spraying tempera- 
ture, the texture of the coating can be made to vary 
between a smooth and a heavily crackled surface. As 
a decorative coating, polythene has the advantage that 
it does not chip or flake and is extraordinarily tough. 
This is illustrated by the fact that it is the standard 
coating for the man-pack type of army flame-thrower, 
where it serves the purpose of a camouflage coating 
and also to protect the container from corrosion due 
to the fuel. On large work, the fact that polythene 
contracts 40 times as much as steel must be taken into 
account. or adhesion failures will result. 

Thiokol, which is a polysulphide, is readily applied, 


and gives a tough, flexible and abrasion-resistant: 


coating. Unlike natural rubber, Thiokol is resistant 
to oil. It is also resistant to dilute acids and alkalis, 
and is widely used for the protection of fan impellers 
and ings. An interesting marine application of 
Thiokol is the protection of condenser doors against 
corrosion by hot sea water.* Other plastics which can 
be readily flame-sprayed are shellac with a variety of 
fillers, which is used as an insulating and anti-tracking 
coating in the electrical industry ; and cellulose acetate 
butyrate. This latter substance is a recent develop- 
ment as far as flame spraying is concerned, and it is 
clear that it is going to have a very wide application. 
Although the flame spraying of decorative plastic 
coatings is in its infancy, it is probable that such 
coatings will become widely used for decorative pur- 
poses in shipping, because of their toughness, durability 
and resistance to marine conditions. 

Several references have been made to shot blasting, 
and normally when metal spraying it is necessary to 
shot-blast or sand-blast the steel prior to spraying. 
Special apparatus has been developed for carrying out 
shot blasting on ships to prevent the spread of dust 
and shot. Shot blasting is not normally necessary 
when spraying metal on to non-meta'lic surfaces, an 
while it is desirable when spraying plastics, it can be 
dispensed with on occasion provided the article is 
clean and free from grease. To obtain the best results 
and maximum life from flame-sprayed coatings it is 
essential to control the thickness of the coating. A 
pocket magnetic instrument has now been developed 
and is in wide use for this purpose; it is as suitable for 





* See ENGINEERING, vol. 163, page 298 (1948).. 








measuring the thickness of paint films as metal sprayed 
or plastic sprayed films. In conclusion, it should be 
pointed out that flame spraying in the engineering 
industry is in a state of rapid development. Much 
research is ing on flame spraying of new sub- 
stances as they become available, and some interesting 
new coatings, such as those produced by spraying mix- 
tures of metal and plastics can be expected. In this 
development work Great Britain has done more and 
ed farther than any other country. 
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NOTES ON NEW BOOKS. 


Molybdenum : Steels, Irons, Alloys. By R. 8. ARCHER, 
J. Z. Briaes and C. M. Logs, Junr. Climax Molyb- 
denum Company of Europe, Limited, 2 and 3, Crosby- 
square, London, E.C.3. [Free to approved appli- 
cants. ] 

Most engineers are familiar with the fact that molyb- 

denum when present in steel is markedly beneficial in 

increasing the hardenability of the material and that, 
when added in relatively small amounts to 3 per cent. 
nickel-1 per cent. chromium and other steels of similar 
type, temper-brittleness is eliminated. Molybdenum, 
in fact, is a most interesting metal and references to 
its use are frequent and widespread in technical litera- 
ture. A book entirely devoted to the metal and to the 
ferrous and non-ferrous alloys in which it occurs is 
therefore likely to have a good reception among 
metallurgists and steelmakers as well as among users of 
these materials. The present work contains ten 
chapters, or “ sections ” as the three authors prefer to 
call them, and several appendices. These mostly give 
tabulated metallurgical and physical data, but instruc- 
tions for carry'ng out the Jominy end-quench test and 
for the determination of molybdenum in iron and steel 
are also included. Sections Teun II deal, respectively, 
with the technical and the fundamental effects of 
molybdenum and, in subsequent chapters, detailed 
explanations are given of the methods of adding 
the metal in various iron and steel processes and the 
properties conferred by molybdenum upon wrought 
alloy steels, corrosion-resistant steels and materials 
for high-temperature service. Interesting chapters, 
from the metallurgical point of view, are the three 
dealing, respectively, with tool steels, steel castings and 
cast iron, while a good deal of information is contained 
in the last chapter in which are set out the properties 
and applications of molybdenum-containing high- 
permeability permanent-magnet, thermostatic bi-metal, 
and other alloys both ferrous and non-ferrous. It 
should perhaps be emphasised that, as its title implies, 
the book deals entirely with metals and alloys and is 
not concerned with questions relating to molybdenum- 
ore deposits at Climax, Colorado, U.S.A., or elsewhere, 
or with the extraction and purification of the metal. 
Some conception of the thoroughness with which the 
authors have carried out their task is given when it is 
pointed out that the book contains 180 illustrations, 
nearly all of them graphs, and 84 tables of data, in 
addition to those included in the appendices. One 
noteworthy feature, however, is that while alloy struc- 
ture is referred to occasionally, the authors have not 
considered it necessary to reproduce any microphoto- 
graphs; all the illustrations are from line blocks. 

The book, which contains 394 pages and is bound in 

blue-cloth covers, includes an adequate index. 








Production Engineering. By J. 8. Murpuy. Iliffe and 
Sons, Limited, Dorset House, Stamford-street, 
London, S.E.1. [Price 12s. 6d. net.] 

THE progress of modern industry is largely attributable 

to the successful application of the principles of produc- 

tion engineering: a genuine name implying the use 
of methods which are predominantly mechanical, 
whereas so many other factors are involved as to 
render the subject more nearly executive in character. 
The author has i this aspect and wisely 
concentrates on presenting a general survey of the 
technical, ammen and commercial problems involved 
in the mass production of machine parts, and considered 
from the angle at which the student or planning engineer 
first approaches the subject. It is assumed that the 
reader is conversant with machine shop practice, 
including the employment of jigs, tools and fixtures, 
machine design, and toolmaking, as only the underlying 
principles are mentioned when enlarging upon their 
specific functions in the practice of production engineer- 
ing: The same applies to business administration, 


id, | staff management and accountancy, but full details are 


given of production -planning and office routine. The 
text holds the attention of the reader from the beginning 
by the supposition that he is committed to the manu- 
facture of a product that will involve him in an investi- 
gation of every phase of production, from the prelimi- 
nary organisation of the factory to the costing of the 
completed work. Each —— is discussed according 
in the order in which it occur in ice, thereby 
providing a mental picture of the salient features for 








consideration in regard to those of succeeding chapters, 
and rendering an otherwise complex subject capable of 
being understood by the student for whom it is intended, 
Experienced produetion engineers may find this treat. 
ment somewhat lengthy, but there should be much 
to interest them, if only as a basis of comparison 
between their own and other methods. 





An Introduction to Photo-Elastic Analysis. By A. W, 
Henpry, B.Sc. (Eng.), Ph.D., A.M.I.C.E. Blackie 
and Son, Limited, 66, Chandos-place, London, 
W.C.2. [Price 7s. 6d. net.] 

EXPERIMENTAL engineers and research workers, who 
are tempted by the increasing popularity of photo. 
elasticity to try what it can do towards solving intract. 
able stress problems, will find this simple and mainly 
descriptive little book an excellent starting point. 
It begins by outlining the relevant elastic and optical 
theory, goes on to show how interference-fringe stress 
patterns are produced and interpreted, and then 
describes the apparatus and materials, mentioning 
many useful details about the preparation of models, 
the technique of testing, and the photography and 
analysis of records. Concise writing permits the book 
to include a brief account of three-dimensional “ frozen- 
stress’ photo-elastic methods, and a selection of 
instructive examples of two-dimensional stress problems 
in mechanical and structural engineering. Dr. Hendry, 
who lectures in engineering at Aberdeen University, 
combined an extensive theoretical and practical know. 
I of photo-elasticity with an appreciation of the 
difficulties encountered by students and an enviable 
talent for explaining them away. The result is an 
addition to Blackie’s “ Technique” Series whereby 
newcomers to photo-elasticity can convince themselves 
of its validity, understand its possibilities and limita- 
tions, and set about using it with good prospect of 
success, ' 


Teamwork in Industry. By F. J. Burns Morton. 
Chapman and Hall, Limited, 37, Essex-street, 
London, W.C.2. [Price 18s. net.] 


THERE are some industrial operations—for instance, the 
work of a railway platelaying gang, of an expert rivet 
squad, or the operation of a rolling mill—in which the 
value and necessity of teamwork are self-evident and its 
functioning is a delight to watch. Mr. Morton’s thesis 
in this book, as in many of his earlier writings, is that 
something of the sort could be infused into many 
more forms of industrial activity, to the improvement 
of production and the inward satisfaction of the opera- 
tives. Stated in this way, the theme may seem obvious, 
but the fact remains that the possibilities of teamwork 
are seldom explored as fully as they might be, outside 
of those organised operations in which it is essential. 
If the book gives rise to a certain measure of philo- 
sophic doubt, it is that in most. cases the author may 
be pos to the converted, for it is those who already 
feel as he does on the subject who are most likely to 
read it; those who have no aptitude for teamwork 
(and they are quite numerous) are hardly likely to 
court conversion to the extent of studying it, and, if 
they are so tempted, may be deflected from that goal 
by its tendency to repetition and, at times, over- 
emphasis. The most hopeful field for the book, there- 
fore, would appear to lie among the intermediate 
grades of management, not so elevated as to have lost 
personal touch with the man on the shop floor, but 
high enough to be able to take broad views and to 
decide how Mr. Morton’s unexceptionable principles 
can be best translated into practical form in the light 
of the prevailing conditions. 





White’s of Cowes, Shipbuilders. J. Samuel White and 
Company, Limited, Cowes, Isle of Wight. 

Tue shipbuilding firm of J.Samuel White and Company 
have been established at Cowes since the early Nine- 
teenth Century, but the business flourished in Broad- 
stairs for at least half a century before that, and they 
can claim, therefore, to have been active shipbuilders 
for at least 200 years.. For practically the whole of that 
period they have built ships for the Royal Navy, in 
addition to a wide variety of mercantile and pleasure 
craft, and have the distinction at the present vime of 
being the only builders to construct all-welded destroyer 
hulls ; the method of doing so, under cover and in sec- 
tions which are fabricated keel uppermost, is described 
and illustrated in this souvenir history. The book 
contains also particulars and illustrations of a number 
of their more notable vessels, portraits of the successive 
heads of the firm, and separate chapters on the different 
types of vessel in which they have specialised, and the 
products of their engineering department. The anony- 
mous author may be. congratulated on the manner in 
which he has combined the historical, the technical and 
the pictorial to form a book which is a valuable contri- 
bution to the annals of British shipbuilding. 
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COLLISIONS THROUGH 


LIQUID LAYERS. 


By D. Tasor. 


THE nature of contact between colliding metal 
surfaces is of general interest in lubrication pro- 
blems, where vibrations may be set upin the moving 
parts, producing rapid changes in the normal force 
between the rubbing surfaces. When impact occurs 
between relatively long bodies, the collision process is 
largely due to the generation and reflection of a 
compression wave in the colliding bodies, ag St. 
Venant* showed in 1867. For small bodies, how- 
ever, the collision process is determined mainly by 
the deformations occurring at the actual regions of 
contact. This article deals with impacts occurring 
between bodies a few centimetres in length ; 
consequently, the effect of the elastic compression 
wave may be ignored and attention concentrated 
on the deformations produced at the regions of 
contact. 

It is instructive to consider, first, the factors 
responsible for plastic deformation under static 
loading. If a hard spherical surface is pressed on 


(9472 

to the flat surfaces of a softer metal, the deforma- 
tion at the region of contact will be elastic for small 
loads, so that, if the load is removed, the deforma- 
tion completely disappears. Within this range, the 
deformation, the area of contact and the stresses 
are given by the classical equations of Hertz.t If 
however, the load exceeds a certain value, the 
stresses within the softer metal exceed its elastic 
limit and some plastic deformation occurs. If the 
von Mises or the Mohr criterion for plastic yielding 
be used, the classical theory shows} that the onset 
of plastic deformation takes place when the mean 
pressure p across the region of contact is equal to 
about 1-1 Y, where Y is the elastic limit of the 
metal as determined in simple extension or friction- 
less compression experiments. 

With increasing load, the region over which 
plastic flow occurs increases and the mean pressure 
reaches a value of about p=3Y. This part of 
the deformation, which traces the growth of the 
plastic region, has not yet received a satisfactory 
theoretical treatment, but it has been well estab- 
lished experimentally. The stage at which p = 3Y 
is usually the region in which Brinell hardness 
measurements are carried out, so that it is possible 
to correlate the hardness of a metal with its elastic 
limit or yield stress.§ This article is concerned 





* B. de St. Venant, Jl. de Math. Liouville, Series 2, 
vol. 12 (1867). 

+t H. Hertz, J. Reine angew. Ma‘h., vol. 92, page 156 
(1881); also Miscellaneous Papers, London (1896). 

¢ S. Timoshenko, Theory of Elasticity (1934). 

§ D. Tabor, Proc. Roy. Soc. A, vol. 192, page 247; 
ENGINEERING, vol. 165, page 289 (1948). 








mainly, however, with the conditions which initiate 
plastic deformation. For a hard-steel sphere of 
radius r cm., pressing on a flat surface of a softer 
metal, the static load at which the onset of plastic 
deformation occurs is given in Table I, herewith. 
(The same results are obtained if the steel surface 
is flat and the softer metal is spherical with a radius 
rom.) 
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It is seen that, for a radius of curvature of 10-* cm. 
the force to initiate plastic deformation of hard tool 
steel is less than 10-* gm. This means that, for 
minute surface asperities, even the smallest prac- 
ticable loads will produce some permanent deforma- 
tion. At these loads, of course, the bulk of the sur- 
face is still deformed elastically. As can be seen 
from Table I, if the steel sphere has a macroscopic 
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the value of p, derived by Hertz is given by 
EB, Es 


where E,, E, are Young’s moduli for the sphere 
and anvil, respectively, and Poisson’s ratio is 
assumed to be 0-3. Thus for steel surfaces, where 
E, = E, = 2-10" dynes per square centimetre, 
p, has a value of 160 kg. per square millimetre 
when h is only 1 cm.; so that, if the steel has an 
elastic limit of about 140 kg. per square millimetre, 
some plastic deformation will occur. This means 
that, if the steel ball (which weighs only 4 gm.) is 
dropped from a height of 1 cm., it will initiate 
plastic deformation in a hard tool steel, as Sir 
Geoffrey Taylor has shown recently.* The. static 
load required to produce the same deformation, as 
appears in Table I, is about 10 kg. 

This means that, even for relatively gentle 
impacts, the pressures developed between the 
colliding bodies are sufficient to exceed the elastic 
limit and to produce permanent deformation of the 
metals. Experiments show, in fact, that, for all 
but the lightest impacts, the deformation produced 
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between colliding surfaces is predominantly plastic. 
If, for example, a hard sphere is dropped on to a 
softer massive anvil from a height 4, and rebounds 
to a height h,, the loss of energy involved in the 
collision may be equated to the irreversible work, 
i.e., the plastic work expended in producing a per- 
manent indentation in the anvil. The author has 
shownf that the mean pressure p causing the anvil 


TABLE I. 





























Load at which Onset of Plastic Deformation Occurs 
oo A _. Yield Stress, (p = 1-1 Y) in gm. 
~— Hardness, racy 
be. per ng. tam. r= 10~* cm. | r= 10-% cm. | r = 0-5 cm. r=icm 
Work-hardened copper ....  .. 90 31 9-0 x 10-* 0-09 230 910 
Work-hardened mild steel .. 190 65 4-7 x 1075 0-47 1,200 4,700 
Tool steel. . Rigee a 350 130 3-8 x 1074 3-8 9,500 38,000 
diameter of 1 cm., the bulk of the hard steel will | to flow plastically is given by 
begin to deform plastically when the load is about f nt me 1 
aa) : Pm i0F /7T 1 ” 
Considering, now, the correspondihg deformation zs, 
1 


under impact: for spherical surfaces, the time of 
1 


collision is proportional to v5, where v is the 
velocity of impxct, while the mean pressure p, 
developed just before the surfaces begin to separate 


2 
is proportional to v5, as was shown by Hertz.* 
For a hard-steel sphere of mass m and radius r, 
dropping from a height h on to a massive flat anvil, 





* Ibid. 





where, again, a value of 0-3 has been assumed for 
Poisson’s ratio. This relation has been well sub- 
stantiated by experimental data taken from the 
literature. (It may be noted also that, when 
h, = hy, i.e., when the collision is perfectly elastic, 
equation (2) reduces to equation (1).) In addition, 





* G. I. Taylor, James Forrest Lecture. Jl. I.C.Z., 
vol. 26, page 496 (1946). 
+ Ibid, 
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experiments show that the yield pressure under 
impact is higher than the pressure required to 
produce the same deformation under static loading, 
and that it increases with the velocity of impact.* 
This effect is apparently due to the dissipation of 
energy resulting from the “ viscous” flow of the 
displaced material round the region of deformation. 
In spite of this increase, the dynamic yield pressure 
is readily exceeded under impact. 
A very simple method of examining the processes 
involved when metal surfaces collide is to measure 
the electrical conductance between them.t When 
the surfaces are separated, the conductance is zero. 
As they come together during the collision the 
conductance rises to a maximum and then falls 
off again as they come apart. The conductance 
at any instant, which may be recorded on a 
cathode-ray oscillograph, is a measure of the area 
of contact. Typical results for metal spheres freely 
suspended by very fine metal wires are shown in 
Fig. 1, on page 145. When hard-steel spheres are 
used and the velocity of impact is'very low (10 cm. 
per second, equivalent to a height of fall of 1/20 cm.), 
the conductance curve is symmetrical. The deforma- 
tion at the region of contact is thus essentially 
elastic. At higher impact velocities, however, the 
conductance curve becomes non-symmetrical. This 
is shown markedly for mild-steel balls at an impact 
velocity of 76 cm. per second (height of fall, 3 cm.). 
Contact begins at the point a under elastic condi- 
tions. The elastic limit is soon exceeded, however, 
and the major part of the collision between c and d 
is plastic ; db represents the elastic separation of the 
surfaces. The non-symmetrical conductance curves 
indicate that non-elastic processes are involved and 
this view is confirmed by an examination of the 
colliding surfaces, which, under these conditions, 
always exhibit a local flattening at the region of 
contact. 
If the impact process involves only plastic 
deformation, the time of collision may be calculated 
simply. Suppose the spheres are of equal radius r, 
and mass m. Let one be stationary and the other 
strike it with a velocity v. Then, if the pressure 
required to produce plastic deformation under 
impact is assumed constant, it may be shown (see 
also Andrewst) that the time required for the moving 
spheres to be brought to rest is independent of the 
velocity of impact and is given by 


ae se 
parr - 
Experiments show that, in all collisions where the 
impact is predominantly plastic, the time of colli- 
sion (taken as the period from a to d) is, in fact, 
sensibly independent of the velocity of impact. 
In Table II, herewith, the observed time of impact 


. - (3) 











TABLE II. 
Time of Impact from a to d 
in Microsecs. (Fig. 1). 
Collision. 

Calculated. | Observed. 
Steel on steel spheres +6 120 200 + 50 
Lead on lead spheres .. ‘a 500 700 + 200 
Hard hemisphere on brass anvi 80 100 











is compared with that calculated from equation (3), 
where p was obtained by using equation (2). The 
agreement is reasonable. Further, the time of 
collision is clearly sufficient for a uniform “ ironing 
out ” of elastic waves to occur. 

Some impact experiments were carried out with 
the steel spheres when a thin film of caprylic acid 
had been applied to the surfaces. It might be 
expected that the polar nature, both of the soap 
film formed and of the superincumbent acid mole- 
cules, would change the adhesion between the spheres 
and so alter the time of impact, but no such effect 
was observed. The conductance curve and the time 
of impact were very similar to those observed with 
unlubricated surfaces. It is clear that electrical 
contact occurs through the lubricant film. The 





* See also G. I. Taylor, loc. cit. 

+ F. P. Bowden and D. Tabor. JI. Council Sc. and 
Ind. Res. (Australia), vol. 14, page 152 (1941); The 
Engineer, vol. 172, page 380 (1941). 


nature and the time of impact are not sensibly altered. 

The experiment was then repeated with a thin 
film of medicinal paraffin oil. The viscosity of this 
(120 centipoise) was considerably greater than that 
of caprylic acid (6 centipoise). The conductance 
never rose above zero during the impact, showing 
that no metallic contact took place, though the 
surfaces of the mild-steel spheres were flattened by 
the force of the collision. If the spheres were 
allowed to remain touching, or were gently rubbed 
together, metallic contact was made through the 
oil film. It is clear that the forces transmitted 
through the oil film were sufficient to cause per- 
manent deformation and damage of the colliding 
steel surfaces, even though no metallic contact took 
place. 

Some typical results recently obtained by Mr. E. 
Rabinowicz, and not previously published, which 
show the deformation of copper surfaces under these 
conditions, are reproduced in Figs. 2 to 5, on page 
145. A steel sphere, 1 in. in diameter, with a mass 
of 70 gm., was dropped from a height of about 
4 cm. on to a flat copper surface mounted on a heavy 
anvil. Impacts were observed with the surfaces 
dry (Figs. 2 and 3) and when covered with an oil of 
viscosity about 500 centipoise (Figs. 4 and 5). In 
the latter case, the electrical conductance measure- 
ments showed that no metallic contact occurred 
through the lubricant film. The figures indicate, 
however, that, although the impact is a light one, 
marked deformation occurred. It is interesting to 
note that the deformation which occurs through 
the oil film is different in shape from that occur- 
ring with dry surfaces and suggests the trapping 
of a pool of liquid between the colliding surfaces. 
Further experiments show that the shape of the 
indentation formed depends on the viscosity of 
the interposed liquid. With oils less viscous than 
100 centipoise, metallic contact occurs, while with 
more viscous oils, where there is no metallic contact, 
the ‘‘ dimple ” is less clearly marked. Presumably, 
as the ball approaches the surface, the pressure in 
the oil film increases until it exceeds the yield 
pressure of the copper. This will always occur at 
the centre of the region of contact since the hydro- 
dynamic pressure here is a maximum. The copper 
now yields plastically, so that there is a receding 
pool of oil below the centre of the ball, and the region 
of plastic flow grows as more and more oil is 
squeezed out. If the oil is of suitable viscosity, the 


rapid and a marked “dimple” results. If it is 
too viscous, the oil does not escape very rapidly and 
the indentation is much nearer the shape of the 
indenter, although there is still a suggestion of a 
point at the centre of the indentation. 

All these experiments show that, under conditions 
of impact, marked deformation of metals may occur 
through liquid films, even for relatively light 
impacts. This means that the hydrodynamic forces 
developed in the liquid film are sufficient to produce 
plastic flow of the metal, although the impact time 
is too short for the liquid to be able to escape from 
between the approaching surfaces. 

It has been shown above that the presence of a 
viscous film between colliding curved surfaces may 
profoundly affect the collision process, and it may 
be expected that these effects will be greatly accen- 


Hence 


1 dp h' 
e= 2 (#-7). . » (4) 


The velocity profile is thus parabolic. 

The volume of liquid squeezed out through the 
boundary at any instant is equal to the volume 
swept out by the hammer in the same instant, 
Simple geometry shows that the mean radial rate 
of flow ¢ of the liquid at any instant is ¢ — Ae 
Using this relation, integration of equation (4) 
yieldg 

3 B wm 
pa SHY r) 


sl 





so that the pressure is a maximum at the centre of 
the hammer and falls off parabolically towards the 
periphery. The maximum value is given by 


3pVR* 
Pmax = — > “. ° . - (6) 





The velocity of the hammer may be determined at 
any stage of the collision since, in any short interval 
of time, the kinetic energy lost by the hammer, 
MV @V, is equal to the work done on the liquid in 


that interval, dh |2arpdr. The solution of the 


differential equation yields* 
3m pR /1 1 
Vv = Vo om AF (h = ai) . (7) 


By inserting this value of V in equation (5), the 
pressure in the liquid film may be calculated as the 
collision proceeds. Results for five typical impacts 
are given in Fig. 7, page 145, for a liquid of viscosity 
p» = 25 centipoise (the value for a light machine 
oil). It is seen that pax, increases.more and more 
rapidly as the liquid film is squeezed out, reaches a 
maximum, and then rapidly falls to zero as the 
hammer is brought to rest. 

Further calculations show that the radial velocity 
of flow ¢, and the rate of shear s developed in the 
film, rise to a maximum and fall off to zero in a 
similar way during the course of the collision. The 
rate of shear at any stage of the collision is a maxi- 
mum at the solid surfaces, at the periphery of the 


himmer (i.e., z= + > r=R). The general rela- 


tions for pmax, € and S8yey, are summarised in 


rate of escape after the initial deformation may be} Table IIT, herewith.t 














TABLE III. 

eats 1 =aenee eee — 
Geos | ogxinam | Bi 

is Equation. Value. . 
Value Occurs. 

3 R?* 0-154 a/2% 5 waR® 

Pmax. a? i “ 4 MV, 
5 Ry 0-125 4 /M3| 4/2 sam 
‘ th R “u 4 MV, 
3k 0-318 MV? 3 uk! 

max Vv | 3 

oe | RS 4 2 MV, 











It is seen that the maximum values of the pressure, 


tuated in the collision of flat surfaces (or parallel 
curved surfaces) where the approaching boundaries 
of the liquid film have an area that is generally much 


r. 

Consider, for example, the collision of a flat surface 
(the hammer) of radius R and mass M which 
approaches a parallel flat surface (the anvil) with 
an initial velocity V, (Fig. 6). Ifthe anvil is covered 
with a thin film of liquid of initial thickness ho, 
viscosity p an nsity p, and assuming that the 
solid surfaces afe infinitely rigid and that the 
viscosity of the liquid is independent of temperature, 
pressure, rate of shear, etc., it is possible to estimate 
the viscous forces developed in the liquid as the 
surfaces approach. If, at any instant, the hammer 
velocity is V, the film thickness h, the pressure in 
the film p, and c is the radial velocity of flow of the 
liquid in any plane z, the basic viscous equation, 
ignoring inertia effects, is 


eit 





+ J.P. Andrews. Phil. Mag., vol. 8, page 781 (1929). 
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be 


velocity of flow, and rate of shear vary as dees and 


that they all increase with decreasing radius ‘of the 
hammer. However, under most experimental con- 
ditions the maximum values occur at film thick- 
nesses rapidly approaching the dimensions of the 
surface roughness. 

The relations given in Table III may be used to 





* An integration similar to that employed in obtaining 
equation (7) may be carried out to determine the time ¢ 
taken for a force F to change the distance between the 
surfaces from a height h, to a height Ah, against the 
viscous forces. The result obtained is 

3mrpRt/1 1 
t= iF (i: ») ‘ - (Ta) 
This relation was first obtained by Osborne Reynolds in 
1886 (Phil. Trans., vol. 177, page 157) and is the relation 
used in the calibration of the Michell cup-and-ball 
viscometer, 
+ F. R. Eirich and D. Tabor. 
vol. 44, page 566 (1948). 


Proc. Camb. Phil. Soc., 








calcu 
in a | 
with 
] cm. 
The 1 

Th 
atmo 
and | 
Table 


mu 


at 1 
anc 
liq 
of i 


is § 








le 





re 


_ENGINEERING. 





oem 147 











calculate the values of pugy, € and Sy,,, developed 
in a liquid film during typical impact experiments 
with rigid surfaces, The radius of the hammer is 
1 cm. and the viscosity of the liquid is 25 centipoise. 
The results are given in Table IV. 

The dynamic yield pressure forindium is about 400 
atmospheres; for lead it is 1,000; for brass 10,000 ; 
and for steel 20,000 atmospheres. It is clear from 
Table IV that the theoretical pressures developed, 


rise, and its value, according to Cherry’s more 
detailed analysis, is of the order of 3,000 deg. C. 

It follows from these results that the assumption 
of constant viscosity in the liquid film is far from 
valid. For most liquids the viscosity decreases by 
a factor of two for an increase in temperature of 
10 deg. to 20 deg. C.; consequently, the viscosity 
will be greatly reduced near the solid boundaries 


TABLE V.—Temperature Rise T Produced by Viscous 





























TaBLe IV. Heating. 
Hammer. Hammer. T, deg. C. 
———————| Baas Pi § max, 
| metres per | cm. per sec 
Velocity,| atmos. I oe on 1-5 
Index. | M958 | om. pe _ — il hia seal 98 
om. sec. III i ae 174 
IV i a 300 
SSN ITT, Vv Bs << 88,000 
1 | 8] Blue] ok | Eel 
II 200 | 1,360 42 -0 x POSER: 2 
lll 300 300 | 2,440 226 8-5 x 10 where the heating is a maximum. On the other 
IV 850 200 | 4,210 207 4-4 x 10 : 
e 6,000 4 - 2 800 $20 3 30° hand, the high pressures may produce a marked 
increase in the viscosity, as Everett and other 








even under conditions of relatively gentle impact, 
are sufficient to cause plastic deformation of lead 
and indium. With the heavier impacts, the 
theoretical pressures are sufficient to cause plastic 
deformation of the hardest materials. More de- 
tailed considerations show that appreciable elastic 
deformation will occur at an earlier stage of the 
impact. There is thus a receding pool of liquid 
below the hammer and the maximum pressures 
reached are considerably reduced; for example, 
with the heaviest impact, the maximum pressure 
reached, according to Cherry,* will be of the order 
of 7,000 atmospheres. Even so, this pressure would 
be sufficient to produce plastic deformation of a 
metal, such as copper or brass. Thus the analysis 
shows that, under conditions of impact, surfaces 
separated by a film of oil may be subjected to pres- 
sures exceeding the yield point of the material. If, 
of course, any additional impediment exists which 
hinders the escape of the liquid, high pressures are 
developed with even lighter impacts, as Gray has 
recently shown.f 

The energy used in overcoming the viscous forces 
in the liquid film is dissipated as heat. The maxi- 


mum effect occurs at the solid surfaces, z = +5 


at r = R, since here the rate of shear is a maximum 
and, as the radial velocity is zero, the element of 
liquid remains in shear for the whole of the interval 
of impact. The rate of dissipation of energy H by 
viscous flow, per unit volume of liquid per second, 


is given by 
dH dc\? 
au = »(Z) oS . . (8) 
Substituting for the value of < from equation (4), 
dH dH dh dH 


replacing a by a a —-—— ~~ V, and integrat- 
ing equation (8) from the initial instant of impact 
to the end of the collision, when the hammer is 
brought to rest, gives 

0-31 c= ay 


= —- (9) 
B 





R* 
It is seen that the heat dissipation increases very 
rapidly as the radius of the hammer decreases. 
Further, if the viscosity decreases appreciably as a 
result of the heating, this is likely to produce an 
increase in H. 

If the amount of heat carried away by the liquid 
(convection) be neglected, and also the loss of 
heat by conduction into the solid, it is possible to 
calculate the temperature rise produced, from H 
and the specific heat of the liquid. The results 
are given in Table V, for a liquid of density 
1-6 gm. per cubic centimetre and specific heat 
1-8 cal. per gm. per deg. C. It will be seen that 
for the lighter impacts, the temperature rise lies 
between 2 deg. and 300 deg. C. Allowing for 
conduction and convection, Cherry has shown that 
these values are reduced by about one half. With 
the heaviest impact, the deformation of the anvil 
produces an enormous reduction in the temperature 





*T.M. Cherry. Council Sci. & Ind. Res. (Australia), 
Tribophysics A 121 (1945). 
+ H. P. Gray. “ Ignition in a Hot Gas Bubble.” 


workers have shown. These changes produced in 
the viscosity may, in turn, have a marked effect on 
the resulting pressures, rates of shear, etc. Never- 
theless, it is to be expected that the main charac- 
teristics described in this analysis will still be 
descriptively correct, particularly for lighter im- 
pacts. Thus, as the analysis shows, high pressures 
may be readily transmitted through the liquid film, 
and appreciable viscous heating may often be 
uced, 

The results described above show that, when 
clean metal surfaces collide, the time of collision is 
usually very short (of the order of 10-* second), 
and the pressures developed at the region of contact 
may be very high indeed ; even for relatively light 
impacts, these pressures may be sufficient to cause 
plastic flow of the metals. The yield pressures 
under conditions of impact are of the same order 
of magnitude as those involved in static deforma- 
tions, but are always larger and tend to increase 
with the velocity of the collision. 

These results emphasise the ease with which 
plastic flow of colliding metal surfaces may occur. 
It is clear that this is of considerable importance in 
the design of ball races and other types of bearings 
operating under impulsive loading or under condi- 
tions of intense vibration. In ball races, the impact 
of the ball on the race may produce a “ Brinelling ” 
of the race or a flattening of the ball, with subsequent 
damage to the whole bearing. Equation (1) suggests 
that the energy (mg h) required to initiate plastic 
deformation in a metal by impact is proportional 
to r’, where r is the radius of the sphere.* Conse- 
quently, the danger of damage to the bearing is 
considerably lessened by using races containing 
balls of larger radius, provided that the loading of 
the ballis not thereby increased unduly. Similar 
considerations apply to the design of other types 
of bearings, such as roller and journal bearings ; 
but since, in these bearings, the contact is spread 
over a larger area, the range within which the 
deformations remain elastic will be appreciably 
higher. 

The results also show that the presence of a 
lubricant film between the colliding surfaces may 
have a marked effect on the impact process. In 
general, as the lubricant film is extruded during the 
impact, extremely high rates of flow, rates of shear, 
and pressures may be developed. If the surfaces are 
spherical, these pressures may be sufficient to cause 
permanent deformation and damage to the colliding 
surfaces at relatively small velocities of impact, 
even though no actual metallic contact takes place. 
With flat colliding surfaces, the pressures will be 
sufficient to deform the surfaces elastically at 
relatively light impacts ; but, in general, consider- 
ably heavier impacts may be necessary to produce 
plastic deformation of the surfaces through the 
liquid film. When plastic flow occurs through the 
film, the surface damage will generally be less than 
would be the case in the absence of the liquid film, 
since a considerable portion of the collision energy 
mey be expended in squeezing out the liquid. 

The analysis shows, in addition, that, other condi- 
tions being constant, the maximum pressure 


* In contrast, the static load required to initiate plastic 








Colloquium, Laboratorie de Chimie I, Paris (1948). 





flow is proportional to r*. 


developed in a liquid film trapped between colliding 
1 
flat surfaces is proportional to Vv. (see Table IIT) 


and a similar type of relation appears to hold for 
spherical surfaces. Thus, if there is heavy impulsive 
loading or intense vibration, the presence of a liquid 
film of very high viscosity may prevent the genera- 
tion of pressures sufficiently high to cause plastic 
flow of the surfaces. It is clear that, for fast-moving 
gears, for ball bearings, roller bearings, journal 
bearings and other mechanisms operating under 
such conditions, it would be advantageous to select 
as a lubricant a liquid the viscosity of which rises 
to a high value when the pressures or rates of flow 
are great. Some practical evidence for the import- 
ance of viscosity under conditions of impact has 
recently been obtained by Blok* (1948). He has 
shown that the failure of gear teeth under exag- 
gerated impul-ive loading depends much more on 
the viscosity of the lub.icant than on its oiliness 
or extreme-pres:ure properties. 

Finally, there are the temperatures produced by 
impact. If no liquid film is present, the tempera- 
ture rise due to plastic deformation is relatively 
small, since it is distributed over a fairly large 
volume around the region of deformation. If, 
however, sharp asperities or grit particles are 
present, so that an appreciable fraction of the 
collision energy is dissipated as frictional. work 
between the asperity and the other body, the 
temperature rise may be appreciably higher. 

If the surfaces are separated by a liquid film, 
the heating due to plastic deformation will be 
greatly reduced or entirely eliminated. However, 
the high rates of shear in the liquid film may 
produce appreciable viscous heating. For moderate 
impacts, this may amount to as much as 200 deg. C., 
while for severe impacts it may exceed several 
thousand deg. C. These high temperatures occur 
in those liquid layers which are close to the metal 
surfaces. The result is two-fold. Firstly, the 
viscosity is considerably reduced, with a consequent 
increase in the chances of plastic deformation 
through the liquid film and subsequent metallic 
contact. Secondly, the surface layers may well 
lose their boundary-lubricating properties as 4 
result, of the high temperatures. If, therefore, the 
conditions alternate between boundary lubrication 
and impact or vibration, the viscous heating may 
produce a very serious deterioration in the lubri- 
cation obtained. The undesirable effects of viscous 
heating have long been recognised in the lubrication 
of journal bearings where, at high speeds of rotation, 
the rates of shear in the lubricant may be very high 
and so may produce excessive heating. The present 
discussion suggests that, even if the speed of rotation 
is low, rapid vibrations or heavy impulsive loading 
may produce similar effects. 





STANDARD Drop-Botrom COoAL-MINE Car.—The 
National Coal Board have approved a specification for 
a standard drop-bottom mine car with a capacity of 
2 tons (85 cub. ft.). The car is 11 ft. long over the 
buffers, the overall width 4 ft. 4 in., the maximum 
height above rail level 3 ft., and the tare weight 
between 20 and 25 cwt. It runs on 50-Ib. per yard 
flat-bottom rails, set to a gauge of 3 ft.6in. The doors 
are arranged for automatic operation, but provision is 
made also for manual operation. 





EXAMINATIONS FOR CERTIFICATED STUDENTSHIP IN 
MINING AND MECHANICAL ENGINEERING.—The annual 
examinations for certificated studentship in vocational 
subjects in mining engineering and mechanical engineer- 
ing will be held under the auspices of the North of England 
Institute of Mining and Mechanical Engineers in the 
King’s Hall, King’s College, Barras Bridge, Newcastle- 
upon-Tyne, 1, on Thursday, April 28, at 10 a.m. The 
main object of the Institute is to assist the training 
of young men for the mining industry. There is no 
entrance fee for the examinations and no age limit, 
and they are open to all suitable applicants, whether 
members of the Institute or not. Further particulars, 
copies of explanatory pamphlets, and forms of appli- 
cation, may be obtained from the honorary secretary, 
Institute Board for Examinations, Neville Hall, New- 
castle-upon-Tyne, 1. Completed. application forms 
should reach the secretary at the above address not later 
than March 18. 


* H. Blok. Summer Conference on Mechanical Wear. 
Mass. Inst. Techn. (1948). 

















148 


ENGINEERING. 





FEB. 18, 19409. 








LITERATURE. 


The Story of the Bridge. By F. W. Ross. Cornish 
Brothers, Limited, 39, New-street, Birmingham 2. 
[Price 30s. net.) 

Ir is perhaps desirable to begin a review of this 

book in an engineering journal by saying that it is 

not a treatise on bridge design, or on bridge 
esthetics. It contains much to interest both the 
engineer and the architect, but it is not specifically 
concerned with the professional interests of either. 
To describe exactly what its subject is is less easy 
than to say what it is not. In his foreword, the 
author says he is “‘ concerned with the social history 
of the bridge, with its many ramifications and its 
human interest.” This may be a correct description 
of his intentions, but it hardly adequately covers his 
performance. The book is somewhat desultory, but 
in the course.of it a sketchy history of the develop- 
ment of cantilever, suspension and arch bridges 
may be traced, and in an indefinite way the technical 
progress from primitive river crossings to modern 
steel bridges may be said to be dealt with. The 
book is illustrated by a large number of reproduc- 
tions of attractive photographs and its scope is 
indicated by the fact that the first illustration 
shows a bridge consisting of a felled tree lying across 

@ stream and the last is a view of the Forth Bridge. 
It is clear that the author is fascinated by the 

general idea of the bridge or river crossing, per se, 

and he would appear to have indulged in a remark- 
ably extensive course of reading and to have 
extracted information concerning bridges from the 
numerous volumes studied. There is a footnote 
on almost every page of his book, referring to some 
publication which is quoted and, in addition, a 
bibliography containing 31 items is given. These 
very numerous references make the book almost 
an annotated index to a large part of the literature 
of bridges, but unfortunately Mr. Robins’ biblio- 
graphical method is seriously defective. He very 
seldom gives the name of a publisher or a date of 
publication. With such a well-known book as 

Smiles’s Lives of the Engineers this may not be of 

importance, but such entries as “ 7'raditions and 

Customs of Cheshire (Hole)” or “‘ Bristol, Past and 

Present” are likely to be of little value to the 

average reader. If any such entry excites his 

particular interest, he may be able to find the book 
quoted by making local inquiries, but the purpose 
of a bibliographical reference is to relieve the reader 
from the necessity for a search of this kind. Even 
inquiry may not enable a book to be identified or 
found. One publication cited, which appeared to 
be of interest, could not, from the information given, 
be traced in the main catalogue of the Cambridge 

University Library. 

These criticisms may perhaps treat Mr. Robins’ 
volume too seriously. His numerous references may 
merely be intended to show that the thousands of 
items of detail information which he gives have a 
factual basis, but that does not alter the fact that 
the book might have been more useful than it is. 
Possibly the correct way to regard it is to look upon 
it as an interesting discursive account of most 
aspects of river crossings of all and any type. 
Natural bridges formed by displaced rocks, stepping 
stones, early timber bridges, drawbridges, rope 
bridges and primitive forms of suspension and 
cantilever bridges are dealt with. It is suggested 
that suspension bridges are indigenous in South- 
East Asia, South America and Equatorial Africa, 
and that in origin they were suggested by natural 
ropes of climbing plants over streams and that they 
are not, in principle, human inventions. Similarly, 
it is suggested that cantilever bridges owe their 
origin to trees leaning together over a stream. 
There are still many primitive bridges of both these 
types in the remoter parts of the world and the 
description of the construction of some of them 
which is given is probably the feature of greatest 
technical interest in this book. As the material is 
presented, there is no orderly connection between 
these primitive types and the modern structures 
which are mentioned at the end, but connecting 
links may be found in references scattered through- 
out the 37 chapters. The author has collected 
much recondite information on fortified bridges, 


bridge chapels, packhorse bridges, tolls and trusts 
and, indeed, on almost every social aspect of bridges 
which can be imagined. His discursive book is 
likely to prove of interest to intelligent readers of 
almost any class. 


Tables of Properties of Gases, with Dissoctation Theory 
and its Applications. By Dr. E. W. GEYER and DB. A. 
BruGEs. Longmans, Green and Company, Limited, 
6 and 7, Clifford-street, London, W.1. [Price 12s. 6d. 
net.] 

Tue following tables of the thermal properties of 

gases are contained in this volume; values of the 

entropy S, internal energy E, total heat H and 


the function of free energy -> the first and 


fourth in B.Th.U. per Ib. mol per deg. F., the second 
and third in B.Th.U. per lb. mol. for oxygen, 
nitrogen, carbon monoxide, hydrogen, hydroxyl and 
nitric oxide over the range 400 deg. to 9,000 deg. F. 
abs., for carbon dioxide over the range 400 deg. to 
6,300 deg. F. abs., and for water vapour over the 
range 400 deg. to 5,400 deg. F. abs. at intervals of 
100 deg. F. in each case and with first differences. 
There are also the values of the equilibrium con- 
stants and of their common logarithms for the 
reactions CO+}30,=CO,, H,+ 40, = H,0, 
CO,+ H,=CO + H,0 and }H, + OH2 H,0 
over the range 600 (100) 5,400 deg. F. abs., for the 
reaction 30, +4N, @ NO over the range 600 
(100) 9,000 deg. F. abs.; the values of the lower 
heats of reaction at constant volume H, and at 
constant pressure H, in B.Th.U. per Ib. mol. for 
the reactions CO + 40, —CO, over the range 
400 (100) 6,300 deg. F. abs., H, + 40, = H,O over 
the range 400 (100) 5,400 deg. F. abs., }H, + OH 
+ H,O over the range 600 (100) 5,400 deg. F. abs. 
and 4N, + 30, 2 NO over the range 600 (100) 
9,000 deg. F. abs. with first differences ; values of 
8, E, H, H, and H, in the same units as above for 
the combustion processes of the hydrocarbons 
methane, ethylene, octane over the range 400 (100) 
2,500 deg. F. abs. and of benzene over the range 
400 (100) 1,500 deg. F. abs., the first three functions 
in the latter case being reckoned from 400 deg. F. 


abs., with first differences ; and the values of af 


for values of T from 100 (100) 9,000 and of ; ln x 


for values of x from 1-25 (0-25) 14-00 (1-00) 20-00. 

The data have been computed on the basis of the 
latest quantum specific-heat values which are pre- 
sumably more or less definitive and which differ 
considerably from the older accepted values, particu- 
larly at high temperatures. The sources of the 
relevant information are cited on page 71 and are 
exclusively American. The first 20 pages of the 
introduction explain fully the principles upon 
which the tables are based. In order to bring out 
the fundamental ideas of dissociation and of equili- 
brium constant and to obtain an expression for the 
maximum work attainable from a reaction, the 
method of the Van’t Hoff equilibrium box is 
described in detail. Following this are a number of 
worked numerical examples showing clearly how 
the tables can be applied in the analysis of repre- 
sentative technical combustion cycles and processes, 
including dissociation effects. Among the problems 
treated are the calculation of the maximum tem- 
perature in a gas-engine cycle and the ideal attain- 
able efficiency in the constant-volume cycle using 
the products resulting from the combustion of 
benzene as the working substance. It should be 
noted that in Fig. 14, on page 37, “‘ E” should be 
substituted for “F,” while example 8 appears to 
be missing. Designers of internal-combustion en- 
gines of all types should welcome this up to date 
and authoritative set of tables and be grateful to 
the authors for having undertaken the very con- 
siderable amount of arduous computation entailed 
in their preparation. 





INSTITUTE OF METALS MEDAL FoR 1949.—The Institute 
of Metals Platinum Medal for 1949 has been awarded to 
Dr. William Hume-Rothery, F.R.S., in recognition of his 
contributions to the scence of non-ferrous metallurzy. 





The President will present the Medal at the annual 
general meeting of the Institute, to be held at the 


THE ENGINEERING 
OUTLOOK. 
VII.—Txe Moror-Venicte Inpustry. 


Tue year 1948 saw the emergence of the motor. 
vehicle industry from the phase of post-war transi. 
tion, most of the more difficult re-tooling operations 
and schemes of works reorganisation having been 
completed ; but steel supplies were far from satis. 
factory. In 1939, the industry took about 7 per 
cent. of the national steel production; in 1948, 
according to Mr. R. Gresham Cooke, Director of the 
Society of Motor Manufacturers and Traders, it 
received only about 4 per cent. Improved designs 
have effected some economies in the use of steel, 
The use of substitutes, mainly light alloys, by some 
manufacturers has reduced steel requirements for 
body panels, but their cost prevents extensive 
use. A certain amount of the steel allocat‘on, 
moreover, has to be devoted to modernisation and 
re-equipment schemes. One of the “ Big Six” is 
said to have used 4,000 tons (equivalent to about 
4,000 cars) in this way. There was, nevertheless, 
a fairly considerable increase in output during the 
year. In 1948, 335,000 cars were produced, as com- 
pared with 287,000 in 1947; Table I, opposite, 
gives detailed figures of output for the first 1] 
months of 1948. Output, however, is still far below 
tooled-up capacity. Some of the biggest manufac. 
turers were operating at no more than two-thirds 
capacity, while some of the smaller ones were able 
to achieve no more than half. The result, of course, 
is that, although the relatively small improvement 
in output in 1948 helped to reduce costs, these are 
still unduly high. On August 31, Mr. G. R. Strauss, 
the Minister of Supply, announced that there could 
not be any increase in steel allocations to the motor 
industry until there was some increase in the pro- 
duction of steel. Whether or not the increase in 
output of steel which has taken place since August 
will qualify the motor industry for an increased 
allocation is not yet clear, but it is probable that 
any improvement in motor-vehicle production dur- 
ing 1949 will be comparatively modest. In these 
circumstances, the best method of reducing costs 
appears to be by way of standardisation. 

Until 1948, progress towards standardisation was 
necessarily slow, though there was some reduction in 
the number of models; by the end of 1947, there 
were only 62 basic models, as compared with 136 in 
1939. In 1949, there will probably be only 42, but 
this is still far short of the somewhat unrealistic goal 
of ‘‘ one model one maker,” proposed by the Minister 
of Supply in August, 1947. It is unlikely, however, 
that the Government now seriously consider such 
an extreme practical, or even desirable. Progress in 
standardisation will be greatly facilitated by recent 
plans for increasing co-operation among manufac- 
turers. At the beginning of October, the Nuffield 
Organisation and the Austin Motor Company 
announced an arrangement ‘‘ for the constant inter- 
change of information on production methods, costs, 
purchases, design and research, patents and all 
other items which would be likely to result in manu- 
facturing economies.’ The new technical merger 
will take about five years to execute. Meanwhile, 
the two firms have been going ahead with their 
individual plans to cut costs. Morris Motors, 
Limited, announced, in December, that the assembly 
of Wolseley cars was to be transferred from Birming- 
ham to Cowley, as the first of a series of planned 
concentrations to reduce costs by avoiding the 
duplication of administrative expenses. 

At the beginning of December, the Society of 
Motor Manufacturers and Traders announced more 
comprehensive plans for mutual aid within the motor 
industry. The “ Big Six’ motor manufacturers 
have undertaken to make considerable efforts to 
speed up the use of common accessories and com- 
ponents. Arrangements to exchange information on 
administrative and production methods are to 
include the suppliers of materials and components, 
who are also to have factory planning staffs made 
available to them. Some 600 firms are concerned 
in these measures. 

The emphasis on the export trade has made the 
question of costs vitally important. The motor- 





Institution of Mechanical Engineers, on Wednesday, 
March 30. 


vehicle industry was set the task of exporting 75 per 
cent. of its output in 1948, and is now Britain’s major 
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exporting industry. The White Paper on Capital 
Investment in 1948 indicated that only 6,000 public 
service vehicles, 50,000 goods vehicles, and 50,000 

ivate cars ‘‘ for business use ” would be released 
for the home market. Tables I and II show that 
these figures have been substantially exceeded. From 
Table I it will be seen that deliveries of cars and 
taxis for export was about 71 per cent. of the total 
output for the first eleven months of 1948, as com- 
pared with 15 to 20 per cent. before the war. The 
official monthly export target, at the prices ruling 
at the end of 1948 for cars and taxis and commercial 





vehicles, was 9-01. millions. In November, exports 


TABLE I.—Untrep KINGDOM: PRODUCTION 




















increasing imports. In Australia, for example, the 
price of the medium-sized British car is considered 
to be unduly high compared with that of the bigger 
American car which, by reason of the long distances 
and often indifferent roads, is better suited to local 
conditions. In Sweden, where imports of British 
cars fell off in 1948, dealers complain that some small 
British cars are nearly as highly priced as the bigger 
American cars, although they compare favourably 
with the French. The quality of the British product 
is said to compare well with the American, but poor 
finish and careless assembly have sometimes given 
cause for complaint. A majority of Swedish motor- 


OF PASSENGER Cars.* (Monthly Averages.) 



























































| } Number for Home Market. Number for Export. | Value (£1,000). 
| | | | l } l 
oe | Total.t From | | From ; 
i | Upto : |. Over | Upto | Over For 
Total |1,000 c-e.| Ps hed {2-200 c.c Total. |1,600 c.c.) Piped —- Total. | Export. 
| | | | | | ! | 
| ences | | | | | | | | 
19388 .. -.| 28,5382, — eR _ — | 5,684 —_ } _— ie — | - 
1946 .. .. | 18,264 | 9,900 | 8,365 | 1,279 | 256 8,302 7,105 | 1,021 | 1746); —- ;- 
1947 .. oo | 23,917 | 10,996 | 8,626 | 1,905 | 375 | 12,914 | 10,467 | 2,145 | 02 | 7,796 3,367 
1948 .. -- | 27,854 8,073 | 4,267 3,003 | 802 | 19,778 | 16,095 | 2,685 | 1,047! 9,313 | 5,280 
8— | 
_ 25,185 8,388 5,400 2,611 377 | 16,792 | 18,506 2,893 | 393 8,534 | 4,236 
February . 23,379 7,741 4,727 | 2,644 370 | 15,630 | 12,544 2,605 | 481 | 8,339 | 4,685 
March 32,349 8,415 4,499 | 3,287 629 | 28,928 | 20,413 2,777 738 9,580 5,633 
April 26,311 5,899 | 2,371 3,087 | 441 | 20,406 | 17,584 2,253 569 | 10,020 6,136 
ay 26,573 6,222 | 2,735 3,048 | 439 | 20,349 | 17,422 2,266 | 661 9,148 5,550 
June 36,159 | 11,027 | 6,545 $3,903 | 579 | 25,131 | 20,312 3,865 954 | 9,757 5,019 
July 27,974 9,483 | 5,240 | 3,489 754 | 18,491 | 15,436 2,577 478 | 9,668 | 5,504 
August 21,947 5,913 2,635 | 2,271 1,007 | 16,034 | 12,854 1,949 1,231 | 7,077 4,130 
September 34,631 9,402 4,702 3,202 | 1,498 | 25,229 ,025 3,166 2,038 | 10,883 | 6,392 
October ..| 26,156 8,070 4,106 2,581 | 1,883 | 18,086 | 14,059 2,078 | 1,949 10,121 | 5,516 
November .. 728 8,243 8,982 | 2,915 | 1,346 | 17,485 | 14,898 2,559 | 2, “= — 
Total, 1948§ .. | 306,392 | 88,808 | 46,942 33,038 8,828 | 217,561 | 177,053 28,988 | 11,520 | 93,127 | 52,801 
' } ' 
* Including chassis delivered as such by manufacturers. + Including production for the Services, not shown in succeeding 
columns. tc on the basis of the first ten or eleven months. § Total of first ten or eleven months. 
TABLE II.—Unrrep KinegpoM: PRODUCTION OF COMMERCIAL VEHICLES.* (Monthly Averages.) 
! ! ' 
! i Number for Home Market. } Number for Export. Value (£1,000). 
H | - --—— ; a ee ee 
e Total.t | | 15 ewt. | Public- | 15 cwt | | Public- 
| | total. | Under | “to "| .OVeF | service | Total | Under | “to Over | service | Total. | FOF 
| 15 cwt. | 6tons. | 6 tons. | Vehicles. | 15 cwt. | 6t — Vehicles, Export. 
| ! } ‘ 
| | | | | | | ! | | 
1988 .. .. | 8,667 — — |}; —] —]11809 | —}] —-|].-] -|] - — — 
1046. .| 12,177 | 7,698 | 2,885 | 4,080 | 536 | 4,018 4,018 | 1,131 | 2,537 84 266 —_ — 
1947... oe 12,889 | 8,657 | 3,300 | 4,396 | 718 | 4,200 4,200 | 1,511 | 2,246' 100, 343 7,271 | 1,902 
1048 .. :. | 14,166 | 7,190 | 2,801 | 3,941 | 800) 645 6,973 | 2,835 3,509 | 185 444 8,875 | 3,369 
1948— | | } } | | | 
January . | 13,725 | 7,580 | 2,721 | 3,882 | 263 714 6,144 | 2,023 : 8,459 | 223) 489 8,225 | 2,429 
February .. j 11,871 | 6,179 | 2,245 | 2,938 | 289 707 5,692 1,614 . 3,432 . 184 | 462 7,925 | 3,035 
..| 15,077 | 7,589 | 2,189 | 4,315 | 204 791 7,488 | 2,905 , 3,763 l 268 562 9,354 | 3,420 
April ‘ 11,558 | 6,417 | 1,858 | 3,820 187 552 5,136 | 2,152 . 2,413 | 102 469 9,202 | 3,145 
ay.. - | 12,636 | 6,659 | 1,922 | 4,025 250 462 5,974 | 2,788 | 2,621 | 114 451 8,600 | 3,116 
June 17,459 8,650 | 2,654 | 4,955 | 331 710 8,809 | 3,735 | 4,269 225 580 9,999 | 4,330 
July .. 13,150 | 6,639 | 2,325 | 3,712 209 393 6,511 | 2,820 | 3,174 | 147 370 8,204 | 3,209 
Au 12,201 | 5,934 | 1,044 | 2,859 384 747 6,262 | 2,160 | 3,451 | 164 | 487 8,050 | 3,235 
September .,| 17,264 | 7,336 | 2,238 | 4,038 339 721 9,920 | 4,359 | 4,985 158 418 9,624 | 4,248 
ber 15,623 7,873 | 2,621 | 4,250 380 622 7,788 | 3,476 | 3,751 | 136 375 9,479 | 3,523 
November 15,262 | 8,236 | 2,593 | 4,556 370 717 7,026 | 3,152 | 3,279 | 314 281 oa — 
Total, 1948§ 155,821 | 79,002 — 43,350 | 3,296 | 7,136 | 76,700 | S088 38,597 | 2,035 4,884 | 88,752 | 33, 
| 























* Including chassis delivered as such by manufacturers. 
columns. t Calculated 


of these categories were 39,000]. and in December, 
14,0001. above the target figure. Moreover, the 
proportion going to “hard currency” countries 
has increased rapidly. In the first quarter of 1948, 
as the Minister of Supply pointed out, 7-5 per cent. 
of the exports of cars-went to hard-currency coun- 
tries. By July, the proportion was 26-5 per cent. 
In 1947, Canada and the United States each took 
less than 1 per cent. of British exports of cars. In 
1948, 10 per cent. went to the United States and 
6 per cent. to Canada. 

It seems, therefore, that the level of costs has had 
little effect on the export performance of the 
industry. It must be remembered, however, that 
there is still a seller’s market for cars in the world, 
and that the United States is now excluded from 
many of the principal markets by the dollar shortage. 
In 1947, the United States exported 279,000 cars 
out of a total output of 3-6 millions, but in the 
first six months of 1948, only 107,597, although the 
total output of cars in the period was up by about 
250,000. Britain, which exported 110,000 cars in 
1947, exported 115,986 in the first six months of 
1948, and thus exceeded the American total and 
became the world’s largest exporter of cars. This 
falling-off in American exports does not appear to 
be due to a diminished preference for American cars. 
Countries which are relatively unembarrassed by a 
shortage of dollars have maintained their imports of 
the American product. On the other hand there have 
been complaints about the high cost of British cars 


t em | 
on the basis of first ten or eleven mont: 





in some countries to which Britain has succeeded in 


prodoctimfotal of hret ten oF eleven montha. © 
ists is said to prefer American models, which have 
built-in heating and better springs, and are, perhaps, 
more suited to Swedish conditions. 

The question of costs is of vital importance, there- 
fore, not only in the long term when the dollar 
shortage and seller’s market disappear, but also in 
the short term, for it is upon a reduction of costs 
that further progress in the hard-currency markets 
will largely depend. The relationship between steel 
supplies and costs is of grave consequence. Steel 
supplies are linked with export performance, so that, 
if a manufacturer falls short of his export target, he 
faces the possibility of a cut. At a diminished level 
of output, his prospects of competing successfully 
would be further reduced. The resources which the 
smaller manufacturer can put into the export drive 
are much more limited than those of his larger com- 
petitor. Is he to be forced out of business if he 
fails to export ? It would be a great loss for-the 
industry if a large proportion of the small manufac- 
turers had to close down, for they have been respon- 
sible for many of the technical advances. To some 
extent, this has been recognised by the Government 
and, while the smaller firms are still expected to 
export a large proportion of their output, their 
export targets have been reduced. Small firms are 
assisted by the fact that many of them make sports 
cars, for which there appears to be a very consider- 
able world demand, particularly in hard-currency 
countries. On the other hand, prices may be high ; 
the Healey sports car, for instance, which forced 
itself upon public notice by winning the Mille Miglia 





and embodies important innovations in design, i§ 
largely “ hand made.” There seems, therefore, to 
be a strong case for some relaxation of the policy of 
steel allocations on the basis of individual export 
percentages. On the other hand, if the full export 
potential of the motor-vehicle industry is to be 
realised, it is essential that extra supplies of steel 
should be made available to those manufacturers who 
are able to export in the greatest volume and with 
the best chance of permanent success. 

Even given a higher level of output, however, it 
is still doubtful whether the long-term competitive 
position of the industry will be secure. Mr. W. 
Lyons, chairman and managing director of Jaguar 
Cars, Limited, on his return from a tour of the 
United States, referred to the relative costs of 
British and American cars. Remarking that the 
cost of basic materials is far lower in the United 
States than in Britain, he said that ‘‘ Increased 
volume of production alone will not bring down the 
costs of British motor-car manufacture ; there must 
also be a corresponding lowering of the cost of basic 
materials.” This, however, is a highly controversial 
matter, and has never received very full factual 
investigation. The increase in costs of some 
materials in 1947, as compared with 1939, has been 
estimated recently ; the price of steel is up 70 per 
cent., tyres and tubes 157 per cent., paint 100 per 
cent., leather 197 per cent., glass 45 per cent. and 
carpets 105 per cent. In 1948, the upward trend 
has continued ; but economies in the consumption 
of raw materials can still be achieved and in this 
connection the measures to extend standardisation 
may be of substantial assistance. 

Whatever difficulties may have to be faced in 
the long term, the export success achieved by the 
industry in 1948 has been remarkable. Manufac- 
turers made fairly successful efforts to keep down 
prices and, in some cases, succeeded in reducing 
them; the Ford Motor Company, for example, 
announced reductions in the prices of cars, vans and 
tractors during the year and have had considerable 
success in their export drive. Speaking at the 
annual meeting of the company in May, Lord Perry 
said that, during 1948, assuming that the current 
rate was maintained, 50 per cent. of the passenger 
cars, 65 per cent. of the commercial vehicles and 
50 per cent. of the tractors they produced would be 
shipped abroad. The Austin Motor Company 
achieved a record in September, when the output for 
one week comprised 1,852 cars and 509 commercial 
vehicles. Of the cars, 76 per cent. went for export 
and of the commercial vehicles, 62 per cent. In 
the year ending July 31, 1948, their total value of 
exports was 18/. millions, one-sixth going to the 
United States and Canada. Morris Motors an- 
nounced large reductions in export prices, but a 
sacrifice of profits, which, according to Lord Nuffield, 
would amount to about 1l. million for the year. 
The policy, however, has resulted in a large increase 
of export orders. In the middle of 1948, Morris 
Motors were exporting at a steady average of over 
1,000 vehicles a week. 

An examination of the Trade and Navigation 
Returns, abstracted in Table III, herewith, shows 
that the chief market success for passenger cars was 
achieved in Australia, to which country there was 
nearly a six-fold increase in exports, Australia tak- 
ing nearly one seventh of British exports in this 
category. Whether experts to Australia can be 
maintained at this high level in future is a matter 
of conjecture. There are signs that the market for 
medium and light cars is deteriorating. Since the 
demand for low-powered vehicles is nearing satis- 
faction and is not now likely to cause a heavy drain 
on foreign exchange, the Australian Government 
removed restrictions on the import of vehicles of 
12 h.p. and under as from September 1, and are 
considering a relaxation of the restrictions on the 
14 to 20 h.p. range. The demand for high-powered 
cars is reported to be still greatly in excess of 
supply, but this market is to be served by a new car 
which is about to go into production in Australia. 
This car, to be built by a subsidiary of the General 
Motors Corporation, is to be a six-cylinder six-seater 
of 21-6 h.p. The price (including A571. 10s. tax) is to 
be A7421. 10s., compared with, for example, A778!. 
at the end of 1948 for the Morris Oxford four-cylinder 
13-4 h.p. Preparations for large-scale production 
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are nearing eciatintin and it is hoped that output 
will reach a rate of 20,000 a year by mid-1949. 

The second largest market for British cars was 
the United States, exports to. which country have 
increased from 200,000. in 1947 to over 5/1. millions 
in 1948. It would seem, moreover, that there is a 
fair chance of maintaining a high level of exports 
to this market. Prices are generally higher than 
those of the popular American models, but the small 
size of the British car and the consequent ease of 
parking in urban areas has created a special demand 
for it. The low petrol consumption is another 
factor which has found favour with a section of the 


of American dollars in that country. In June, 1948, 
Canada bought 250 American cars and 1,300 British 
cars ; in 1947, this proportion was reversed. Other 
conspicuous export successes were achieved in South 
Africa, Brazil and Belgium. In some countries, 
for example, Argentina and Sweden, there was a fall 
in exports as a result of import restmeuons. Com- 
petition in the small class in Switzerland has been 
keen and it is pirtly for this reason that there has 
been a decline in exports to that country. French 
and Italian models have become increasingly 
popular and, latterly, also the German Volkswagen. 

The success of the Volkswagen in Switzerland and 





TABLE III.—Unrrep Kinepom: Exports oF NEW MOTOR VEHICLES AND CHASSIS. 

































































Number. | Value (£1,000). 
| 
! aoe | a at ea! — 
| 1938. | 1947 | 1948. | 1988, | 1947. | 1948. 
| 
| | 26 eT 
Cars. | | 
Eire es siN 1,894 5,310 | 5,743 | 205 | 1,476 1,422 
Union of South Africa | - 3,487 9,504 | 16,216 458 | 2,515 4,556 
India, Pakistan, etc. | 2,910 10,968 | 18,996 | 402 | 3,122 3,823 
" F > O08 
Me ee ho ae ot? vats 
Australia ot <a es a 3,070 4,423 | 24,455 | 267 1,628 8,275 
New Zealand 13,314 13,760 | 8.135 | 1,601 3,357 2,124 
Canada 572 1946 | 14,478 | 67 474 3,593 
Sweden 1,585 5,696 3,309 | 174 1,509 930 
Belgium 465 11,668 | 14,753 | 60 3,433 | 4,136 
Switzerland 188 5,949 | 4,866 | 46 1,995 | 1,571 
Portugal 641 4,415 | 7,028 82 1,240 | 1,901 
United States 45 1,124 | 24,475 13 335 5,596 
Brazil’ .. =i be re a ef 4 | 2,420 | 7,101 ae 653 2,065 
Argentina ee e = J a 419 3,404 | 1,033 61 944 348 
Other countries .. f <a i be 11,880 | — 37,543 40,334 | 1,592 | 10,966 12,873 
Total cars 44,123 125,631 194,692 | 5,486 | 35,649 | 55,618 
Chassis. | } N 
Australia , ms o oJ 20,490 14,680 28,929 1,482 1,893 3 
Other British countries ia be, “a 3,373 1,257 | 1,943 | 241 20 =| 370 
Foreign countries te dn eh i 226 1,325 | 1,347 | 63 ; 265 | 276 
Total chassis 24,089 | 17,262 | 92,219 | 1,786 2,398 | 4,551 
Total cars and chassis -.| 68,212 | 142,803 | 226,011 | 7,272 | 38,047 | 60,169 
ae | 1 | Mien oh a  nlbbae 
TABLE IV.—UniTED Kinepom: Exports oF NEW COMMERCIAL VEHICLES AND CHASSIS. 
| wie | iin 
Number. | Value (£1,000). 
: naeeeea: ee. 
| | 
| 1988. | 1947. | 1948. | 1938. | om we, | 1948. 
| | 
Complete Vehicle: oie io OM | | ae | 
é 8 j 
Eire Be eo et 2 149 | («1,678 |S 1,486 32 | 545 
de of South Africa || od ae 608 1,154 1,234 548 662 1,022 
British East Africa... Ae “s ig | ae ae | 1507 7 4 ons 
New Zealand uF bd ae os 6 H 1, | 1 
India, Pakistan, Bg oo we est acd 717 931 | 89 263 393 
Sweden .. rm a3 - Sot 316 1,054 | 1,115 34 238 265 
Netherlands 74 1,300 1,017 | 7 533 792 
Belgium .. eo | 2008 {| 3498 | 6 487 844 
Portugal 68 JT aoe 10 339 | 833 
" } 236 656 | «(11% | 176 318 | 755 
entine 91 1,469 285 37 | 838 423 
Other | 2,188 11,755 20,794 769 «=| 5,205 | 8,682 
Total | 4575 | 24,079 36,593 1,823 | 9,900 | 15,995 
Chassis. | 
Eire a3 es oe nl | 956 | 1,748 | 1,077 155 | 900 684 
British West Africa -- | 38 809 | 3,464 : a 371 1,047 
Union of South Africa .. 470 "| 1,546 | 2,469 337 | 1,718 2,532 
British East Africa | = ‘ = _— = } = | ‘ fae 
ee hah: ea Ee ean 3 | i i 7 | ‘ 
Australia ‘ ¥ a as -.| 4,052 2,561 10,117 600 8=6| «(1,062 S| = 4,457 
New Zecland a ne si ie? wee 3,278 191 607 1,226 
oa es is fs wail -- 1,298 1,437 | _ 454 561 
Spain “s ot ws a ee 20 | 41,078 1,420 6 | 718 935 
Argentina — i fi ee as 191 | 2,986 1,075 ee ee” a 883 
Other countries - se ae 4 ie 3,297 | 10,601 9,148 744 | 5,769 | 6,911 
Total chassis 10,889 25,554 38,498 2,243 | 13,583 | 20,770 
Total commercial vehicles and chassis . . 15,464 | 49,633 75,091 4,066 | 23,433 | 36,765 











American population. The possibility that the 
Americans themselves may undertake the manufac- 
ture of cars of comparable type, however, must not 
be excluded. Besides driving British manufac- 
turers out of the American market, it might be 
possible for them to invade the world market for 
the small car upon which British manufacturers 
mainly rely, though it is not thought likely that they 
will. Capital costs are as high in America as they 
are in Britain, and the cost of redesigning and 
re-tooling for the production of cars with funda- 
mentally different characteristics from those at 
present being manufactured would be very con- 
siderable. The two small cars already in produc- 
tion, the Eversley and the Bantam, although 
cheaper than corresponding British models, are not 
at all comparable in quality. 

Exports to Canada have increased seven-fold in 
value in 1948 as compared with 1947, but this 
progress has been due, in part at least, to the shortage 


other markets is largely due to the low price, which 
a favourable exchange rate has made possible. 
The rate applicable is the old conversion rate of 
17 eents to the mark which prevailed for this type 
of export before currency reform. If future export 
contracts are based on the new rate of 30 cents to 
the mark, the selling price will be 4501., f.o.b. 
When the short expectation of life is considered, it 
is doubtful whether the Volkswagen will be able to 
compete in foreign markets at the higher price. 

The rate of 17 cents to the mark is unduly high 
and, in effect, amounts to a subsidy for the manu- 
facturer. -The Joint Export-Import Agency may 
be expected to revise it in accordance with their 
policy that prevailing world price levels are not to 
be undercut. It is unlikely, however, that the 
30-cents rate will become applicable. The J.E.I.A. 
may be expected to give consideration to the views 
of Dr. Nordhoff, manager of the Volkswagen works, 





will be necessary to cover costs. Meanwhile, exist. 
ing export contracts are to be completed at the old 
price. In 1948, 19,220 were produced, as compired 
with 8,940 in 1947 ; and in December, 1948, 2,306, ag 
compared with 1, 070 in January, 1948. In 949, it 
is planned to produce 40,000. Exports have not 
been on a very large scale so far; in 1948 only 
4,500 were exported. Although the home ere. 
is likely to claim a high proportion of the output in 
1949, there is likely to be a fairly large increase in 
exports. It is planned to continue exports to 
Switzerland, the Low Countries and Sweden, and 
to enter new markets. 

For commercial vehicles, the export results have 


TABLE V.—United Kingdom: Exports of Commercial 
Vehicles by Type. 





Number. Value (£1,000), 











1947. | 1948. | 1947. 








Delivery vans .. 


15,644 | 26.887 3,445 | 6,758 
Electric trolley "buses, ‘coaches 
| 














and omnibuses 481 | 1,124] 1,125] 3,092 
Tractors (other than agricul- 
tural) . -| 1,805 765 | 1,023 597 
Other descri ptions : 
Exceeding 3 tons unloaded | 2,283 | 2,043 | 2,038 | 2,653 
Not =— 3 tons un- 
loaded < -| 4,366 5,824 2,069 | 2,895 
EE RES: ei (ieee tate 
Total .. os ..| 24,079 | 36,593 | 9,000 | 15,995 
| 








TABLE VI.—United Kingdom: Exports of Cars by 
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Number. | Value (£1,000). 





| 
7 | 
| 





1948. | 1947. | 1948. 





Not exceeding 1,000 c.c. (not 
exceeding 8 h.p. in 1947) ..| 6,702 | 5,815 857 688 
Exceeding 1,000 c.c., but not 
exceeding 1,600 c.c. ( 8 to 


12 h.p. in 1947) - -| 7,539 | 21,659 1,009 | 3,025 
Exceeding 1, 600 ¢.c., but not 
exceeding 2 


.200 ¢.¢. (12 to 
16 h.p. in 1947) a F 
Exceeding 2,200 c.c. (exceed- i 

ing 16 h.p. in 1947) P 123 1,376 74 270 





2,898 | 3,369 458 568 

















Total .. oe - -| 17,262 $2,210 | 2,398 ” 4,551 





been extremely satisfactory, as shown in Tables IV 
and V, herewith. Production for export in the 
first eleven months of the year amounted to 43 per 
cent. (by volume) of total output. The target 
output for export of 3-2/. millions a month has been 
consistently maintained in every month since March, 
and has often been substantially exceeded. 

In view of home industrial and commercial require- 
ments, the decision to export a higher proportion of 
these vehicles could not have been an easy one. 
Supplies to the home market are not likely to have 
exceeded 86,000 vehicles in 1948, as compared with 
104,000 in 1947—a rate of replacement which, 
although larger than was expected, is quite inade- 
quate. The 36-8]. millions in foreign currency 
earned by the industry, as compared with 23-41. mil- 
lions in 1947, is, however, probably sufficient justi- 
fication for the export policy. The principal market 
was Australia, which took chassis to the value of 
4-51. millions—a four-fold increase as compared 
with 1947. South Africa, which took chassis to the 
value of 2-51. millions and new commercial vehicles 
to the value of 1-0/. millions in 1948, was second in 
importance. The increase in exports has been 
spread widely over the world markets. In the 
United States, it is virtually impossible to compete 
with the heavy lorries of domestic manufacture, and 
conditions are not generally favourable for British 
commercial vehicles. Sales of delivery vans, never- 
theless, have made some considerable headway. 

It is not, perhaps, to be expected that, in the 
longer term, British exports of motor vehicles can 
be maintained at the high level which has already 
been achieved in 1948, and will, in all probability, 
be achieved in 1949.. They are, however, likely to 
be much higher than before the war. The foothold 
obtained in overseas markets must have created a 
considerable replacement demand, and this foothold 
is being steadily strengthened. During 1948, much 
progress was made in the way of improving sales 
and maintenance organisations and in erecting 
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Rootes Motors, Limited, was formed to market the 
British Rootes Group’s passenger cars and trucks, 
and to set up spare-parts depots in the principal 
regions of the Dominion. Lord Nuffield announced 
that work was to begin on the construction of a 
body-building plant in Australia. The Austin 
Motor Company (Canada), Limited, was established 
with headquarters in Montreal to distribute Austin 
products and to provide complete facilities for main- 
tenance, repairs and replacements. A factory has 
been acquired also in Hamilton, Ontario, in which it 
is planned to manufacture the entire range of 
Austin cars. The intention is to handle 500 com- 
pletely knocked-down units of cars, vans and 
trucks a week. In an effort to break into the 
Canadian commercial-vehicle market, hitherto domi- 
nated by American firms, arrangements have been 
made to assemble Leyland "buses and lorries in 
Canada at the Malton plant of A. V. Roe (Canada), 
Limited. Leyland Motors (Canada), Limited, has 
been formed by the two companies, and initially 
will concentrate upon Comet trucks. 

The International Commercial Motor Transport 
Exhibition, opened on October 2, and the Inter- 
national Motor Exhibition, opened on October 27, 
were both invaluable in bringing to the notice of 
foreign buyers the range and quality of British 
motor vehicles. In the commercial-vehicle section, 
the efforts made to adapt the products to the diver- 
sity of overseas conditions were particularly appar- 
ent. Omnibuses with air-conditioned interiors, anti- 
glare lighting, plastic bodies to resist the effects of 
heat, cold and damp, and to give protection against 
tropical insects, were on view, as well as a variety 
of trucks, trailers and vans designed to carry the 
most diverse loads in widely differing conditions of 
terrain and climate. The new models exhibited at 
the Motor Show embody many features likely to 
commend themselves to foreign buyers. While the 
majority of models were powered by engines of 
about 12 h.p., the effects of the abolition of the horse- 
power tax and its substitution by a flat-rate tax of 
101. were evident in the appearance of a greater 
range of models in the class over 14 h.p. The pro- 
portion of cars powered with engines of over 
2,000 c.c. capacity, indeed, rose from 4 per cent. of 
the total output in January to 13 per cent. in August. 
This trend, which is continuing, should make for 
higher sales in many export markets. It must be 
remembered, however, that, before the war, half 
the cars registered in the world were of 14 h.p. and 
under, and it is on this market that the export drive 
must in,the main continue to be concentrated. 
Exports of cars in the class above 1,000 c.c., but not 
exceeding 1,600 c.c., trebled in value in 1948 as 
compared with 1947 (Table VI). There appears to 
have been a considerable falling off in the demand 
for the very small cars in 1948 as compared with 
1947, though, at the Motor Show, the two 8-h.p. 
cars, the Morris Minor and the Ford Anglia, attracted 
much attention from foreign buyers. 

To sum up, 1949 should be a year of consolidation 
in the motor-vehicle industry. It is unlikely that 
supplies of steel will have improved enough, or that 
standardisation schemes will have advanced far 
enough, to affect costs appreciably. Attention given 
in 1948 to adapting the product to overseas market 
requirements and to sales and after-sales technique 
should ensure that exports are maintained in 1949. 





100-MVA 220-kV TRANSFORMER FOR THE NETHER- 
LANDS.—A contract for the supply of a bank of three 
single-phase 100-MVA transformers is now being com- 
pleted by Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, 17, for the Director- 
ate of Power Supply in the Netherlands. The bank, 
which will be installed at Lutterade and will link the 150- 
kV Dutch grid with the 220-kV Ruhr network, has a 
voltage ratio of 220/150/10-5 kV with star/star/delta 
connections. The 150-kV windings are provided with 
tappings for a range of + 13 per cent., which are con- 
nected to an on-load tap changer. The neutral points of 
both the 220-kV and 150-kV windings are fully insulated. 
The 10-5-kV winding will supply a local network. 
Each single-phase unit, which weighs 83 tons, is being 
shipped without oil, but with the tanks filled with 
carbon dioxide to prevent the entry of moisture. From 
Amsterdam, canal transport will be used for 100 miles 
and after being carried a short distance by road, the 
transformers will finally be hauled to the site across a 
field on a raft. 
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BRITAIN’S ENERGY—A NEW 
CONCEPTION.* 

By Simm Crauve D. Gres, C.B.E., F.R.S. 

(Concluded from page 138.) 


WE are told that gas grids running throughout the 
country would be uneconomic and could not be justified. 
In the long term, I do not believe this, but in any 
case they are not required. There are some eight major 
coalfields in Great Britain, and, as a natural conse- 
quence, industrial areas have developed reasonably 
near to most of these. By siting coal-processing plants 
reasonably adjacent to the geographical centres of 
those major coalfields—always having in mind the 
gas and electrical demands of the surrounding areas 
and the necessity to have adequate water supplies 
close at hand—we could bring the coal transport 
problem to its smallest dimensions ; and by grouping 
by-product recovery plants, base-load semi-coke-fired 
electrical power stations and low calorific value gas- 
fired gas turbines to cope with peak loads, we could 
achieve national economies which would be startling. 

A large proportion of the total population, centred in 
the industrial areas, would be served by relatively 
short gas and electricity grids, radiating from the main 
coalfield generating plants. London and south-east 
England will always be a special problem and need 
special consideration and treatment ; but London does 
not constitute Britain. The existing and future elec- 
tricity power stations of Greater London could all be 
fired by the semi-coke residue of coal distillation, with 
at least equal efficiency and certainly less atmospheric 
pollution. Sea (and, therefore, relatively cheap) 
haulage of suitable coking coal to London’s gasworks 
will probably continue, but this is in accordance with 
the overall policy proposed, since that coal would be 
efficiently treated, with full by-product recovery. 

If and when underground gasification of coal becomes 
accepted practice, the modifications to such a plant 
layout would be a minimum. The gas-treatment and 
by-product recovery plant would require the minimum 
of modification, while the existing base-load electrical 
plant steam boilers could, with small modification, 
operate on gas instead of semi-coke residue. Allter- 
natively, it may be found that further demands for 
electricity would be met by the installation of straight 
gas turbines. 

It is not generally known that the number of by- 
products of coal separable and in demand to-day exceeds 
2,000 and is growing daily. The chemical industry of 
Great Britain already is a great one but is only on the 
fringe of tremendous developments, almost all founded 
on coal and oil. Coal processing, with its by-products 
providing the needs of a virile and expanding chemical 
industry, can provide the nation with desperately 
needed exports of a value far exceeding the value of any 
exportable surplus of raw coal. As a nation we must 
cease to export raw coal and instead process all our 
coal and sell abroad coke, semi-coke (if there is any to 
spare) and the chemical by-products of processing, 
at a greatly increased total export value. 

Domestic consumption of coal in Britain to-day is 
about 40 million tons per annum, with an overall 
efficiency of burning little over 10 per cent. Replac ng 
raw coal with a semi-coke would so increase existing 
house-grate efficiencies that it is unlikely any increase 
of actual coal consumption would result. The process- 
ing of 40 million tons of coal would yield 30 million tons 
of semi-coke which, because of its greater radiant heat, 
would, on the average, increase grate efficiency by the 
required 33 per cent. to provide the same room heat. 

From that processing of 40 million tons of domestic 
coal there would be obtained as by-products 100 million 
gallons of benzole and 660 million gallons of crude tar, 
which, after further distillation or hydrogenation, 
would provide, with the benzole, 25 per cent. of the 
oils and spirit consumed in Great Britain during 1947. 
Additionally, there would be available over 1,000 
million therms of heat in the gas produced by that 
processing, or one-third of Great Britain’s 1947 gas 
consumption. The total value of these by-products 
would be over 50/. millions. 

It may be found that the available market for semi- 
coke for electricity generation and for the reorganised 
domestic and industrial heating is far below the quantity 
of semi-coke that would be produced from a universal 
adoption of low-temperature distillation. In that event, 
completely destructive distillation could be adopted 
for surplus semi-coke, giving more gas and a wider 
range of by-products and a very large yield of ammo- 
nium sulphate. The processes available for coal 
distillation are capable of adjustment over wide ranges 
as from process to process, and there would be no 
difficulty in arranging a balance between the products 
produced and market demand for those products. 

Petrol and oils obtained from coal distillation or 
processing can never compete with the true cost of 
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Philosophical Society on January 21, 1949. Abridged. 


but are we going to be able to pay for continued importa- 
tion of oils in the future? In 1947, we consumed 
(excluding bunker fuel) about 10 million tons of oils 
and spirit. Had we processed all the coal raised in 
Great Britain in 1947, we could have obtained between 
8 and 12 million tons of home-produced oils and spirit 
by distillation and hydrogenation of residues. There 
is no competition between the oil industries of the 
world and the processing of Britain’s coal; rather are 
they complementary. 

The fact that there is a serious heat loss in all forms 
of coal processing does not invalidate the arguments 
for processing. Coal must remain the major source of 
energy in Britain, oil being used only where it is most 
efficient economically and not thermally. The econo- 
mics of coal processing are masked by taxation, and 
without question there would have to be a drastic 
revision of existing oil and petrol taxes. In the short- 
term view, the lowering of taxes on home-produced 
oil would no doubt prove an embarrassment ; but this 
problem can only be seen in true perspective by taking 
a very long-term view. 

During the past 50 years, many distinguished engin- 
eers, scientists, committees or Royal Commissions have 
studied, considered or proposed coal processing in 
connection with electricity or gas generation, or for 
purposes of coal conservation. It has had many able 
and distinguished advocates, but, with coal so cheap 
and plentiful, there was little incentive to do much 
about it. The late Mr. Charles H. Merz was a powerful 
advocate of coal processing and, as a result of successful 
experiments on Tyneside, the design of some of 
Britain’s first super power stations, such as Barking A, 
provided in the original layout for adding a coal distilla- 
tion plant ahead of the boilers. At the Dunston A 
power station, near Newcastle-upon-Tyne, again at 
the instigation of Mr. Merz and following pilot-plant 
operation at Neptune Bank and Dunston, a full-scale 
coal-distillation plant was actually built and operated, 
in conjunction with steam boilers, for electricity genera- 
tion. That these plants were ultimately dismantled, 
and the further and more ambitious plans deferred, 
was not due to any technical difficulties but because the 
scheme was ahead of necessity. 

The position to-day is entirely different. Now is the 
moment to reconsider the much that has already been 
written and discussed. Coal is’ at its highest price 
ever; imported fuel oil has advanced in price and is 
in world-wide short supply ; agriculture is demanding 
more and more fertilisers; the chemical industry is 
expanding rapidly; the national economic situation 
demands immediate action. We must conserve our 
dwindling coal resources. 

In our changed and changing economic situation, food 
will become a major factor—probably the major factor 
of the future. The rate of growth of world population 
is becoming alarming. Britain, in line with overseas 
countries, has a birth-rate far exceeding the death rate, 
and there is evidence that world food production is 
certain to lag behind world minimum food requirements. 
The white races have greatly improved health standards 
and general standards of living among hundreds of 
millions of the coloured races. The white man reduces 
or prevents plagues, floods and famine. Inevitably, the 
population growth becomes so rapid that the country 
can barely support its population increase and improved 
food production technique is essential. 

Britain is no exception—indeed, Britain is an out- 
standing example of the necessity greatly to increase 
home food production, and for two reasons; first, 
continuing inability to pay for additional imported 
foods to maintain or improve our existing living stan- 
dards, and, second, the fact that overseas countries will 
shortly find it impossible to export those foods we need, 
since their own increased populations will be consuming 
all their production. We have not got a long time to 
adjust our plans to meet this situation—it is with us 
now. A great expansion of British agriculture is vital 
to our future. Coal processing can play a major part 
in that expansion. 

It has been said that, because Ministers change and 
Governments change, it is not possible to lay down a 
national policy on any subject for longer than three or 
four years ahead; but electrical power stations are 
being ordered to-day which will not generate their first 
unit of electricity for probably five years, and yet which 
will have a useful life of some 25 years. We are, there- 
fore, to-day laying down a fuel policy for the next 
30 years. Let us, therefore, look at the whole problem 
of coal utilisation in its field of domestic and industrial 
use and in the electricity, gas and transport industries, 
and make our plans to-day during a period of full 
employment so that those plans may be put into effect as 
other employment falls—as indeed it will—and we then 
can really promise full employment to the nation in the 
knowledge that money otherwise paid out by the Dole 
will be employed in creating a national fuel policy in 
which coal is regarded as a precious chemical and our 
only source of energy production capable of bringing 





an enhanced standard of living to the nation. 
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SELF-CLEANING TAIL END FOR BELT CONVEYORS. 


MESSRS. 


BRITISH JEFFREY-DIAMOND, LIMITED, WAKEFIELD. 














SELF-CLEANING TAIL END FOR 
BELT CONVEYORS. 


We have received particulars from the makers, 
Messrs. British Jeffrey-Diamond, Limited, Wakefield, 
of the type “ K ” self-cleaning tail end—a unit which is 
used with belt conveyors that carry their load on the 
upper part of the belt, and has been designed to remove 
material spilt on to the inside surface of the lower part 
of the belt and return it to the upper pert, thus prevent- 
ing it from passing between the belt and the pulley. 
Fig. 1 shows the unit at the end of a conveyor with its 
hinged cover open ; the upper part of the belt is moving 
away from the observer, carrying the material removed 
from the lower part. Fig. 2 is a part-sectional plan of 
the unit. 

With a belt conveyor operating at a coal face it is 
impossible to prevent particles of coal—“ smalls ”— 
from accumulating on the return strand of the belt, 
except by encasing it from end toend. This is cumber- 
some and generally impracticable in a coal mine, and 
it has been usual, hitherto, to fit a plough at an angle 
between the upper and lower strands of the belt to divert 
the “ smalls” to one side, and employ a man to load 
them on the upper part of the belt. The self-cleaning 
tail end, however, performs this operation automatic- 
ally. Although developed for use in mines it can equally 
well be used with above-ground conveyors. The belt 
passes round, and rotates, a “drum ” which has four 
double-helical blades as shown in Fig. 2, the belt bearing 
on the edges of the blades. As the lower part of the 
belt moves on to the drum, it is flexed and slightly 
vibrated by the action of the blades, and as it passes to 
the vertical position the smalls fall off the belt on to 
the blades which, being set at an angle, cause them 
to gravitate to both sides of the belt and collect in 
the space formed by the base plate, the side frames 
and back cover of the tail end. The drum is mounted 
on double-row self-aligning ball bearings. 

There are eight scoops or buckets, four on each 
side of the drum, which pick up the smalls and deposit 
them on to the upper part of the belt. Each bucket is 
attached to a short spindle which is pivoted about a 
bracket fitted to the end of the drum, the bucket 
projecting beyond the pitch circle of the drum and 
being free to pivot inwards, i.e., towards the drum. 
Its motion towards or away from the drum and 
belt is controlled by two hardened-steel rollers on 

the spindle, one on each side of the pivot. As the drum 
rotates, ing the buckets with it, the rollers run 
on tracks formed on the inner surface of a cam plate 
which is fitted to each side frame. The shapes of the 
roller tracks are such that the buckets move gradually 
inwards, directed vertically downwards in the lowest 





Fig. 2. 
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belt, after which they are withdrawn sharply so as to 
avoid striking the belt, the sudden movement assisting 
in clearing the buckets, 

Trials of the self-cleaning tail end were carried out for 
ey two years in three coal seams. At one 
colliery the tail end was installed under a roof from 
which water poured continuously. On another occa- 
sion, during demonstrations above ground, wet clay was 
loaded on to the return part of the belt and was trans- 
ferred by the buckets to the upper part without diffi- 
culty. With a conveyor running at 170 ft. per minute, 
“ fines’ at a rate of 14 to 1} tons per hour can be 
handled readily. The makers state that the self- 
cleaning tail end will work equally well in wet or dry 
conditions, on flat, inclined or undulating surfaces, and 
that it requires no attention apart from regular lubrica- 
tion. It is supplied with a combined junction trough 
and telescopic section which provide a maximum 
adjustment in length of 4 ft. 6 in. for belt tensioning. It 








position so that they dig into the smalls, swinging 
gradually inwards to discharge their loads on to the 





is made in three sizes to suit belts 20 in., 24 in. and 26 in. 
wide, the corresponding weights being 1,150 Ib., 1,290 Ib. 
and 1,350 lb. The overall height is 2 ft., and the overall 
length (with the telescopic section closed) is 8 ft. 





OUTPUT OF STEEL IN CANADA.—The total production 
of steel ingots in Canada during the first eleven months of 
1948 was 2,817,899 short tons, compared with 2,613,467 
tons in the period January to November, 1947. 





SOUTHAMPTON DocKs.—As a result of the increased 
size of Union-Castle Line vessels now on the South 
African services, the Southern Region, British Railways, 
have decided to construct a new terminal building at 
Berth 102, Southampton New Docks. In 1928, the 
average size of the vessels was 15,500 tons, whereas the 
Pretoria Castle and Edinburgh Castle are each of 28,800 
tons. The building wiil be erected on the site of a transit 
shed which was destroyed by enemy action during the 
war. Passengers and general cargo will be handled on 
the ground floor, the upper floor being used for handling 
bulk cargoes, chiefly wool. 

REMOVAL OF LEYLAND Motors’ KINGSTON WoORKS.— 
The transfer of more than 3,000 tons of machinery and 
production plant from Kingston-on-Thames to Leyland, 
Lancashire, has just been completed. The removal, 
was brought about by the sale of the Kingston Works of 
Leyland Motors, Limited, to Hawker Aircraft, Limited, 
and, as it was necessary to keep production in progress, 
the transfer took nine months. With the exception 
of 274 tons, the whole of the equipment was carried 
by road vehicles. A large portion of the plant is used 





BAILEY BRIDGE OVER WHITEADDER 
WATER, NORTHUMBERLAND. 


A SEMI-PERMANENT road bridge consisting of five 
Bailey-bridge spans on wooden-piled piers, has been 
constructed recently over Whiteadder Water, North- 
umberland, to replace the permanent bridge washed 
away in the floods of August, 1948. An aerial photo- 
graph of the remnants of the old bridge was reproduced 
on page 235 of our previous volume (1948), in connection 
with an article on bridge reconstruction in the flooded 
Border Country, in which a few particulars were given 
of the proposed bridge. Although Bailey-bridge 
material is usually confined to military applications, 
which are adequately described in War Office publica- 
tions,* occasions may arise from time to time when 
civilian requirements can also be met, at the same time 
giving the Royal Engineers an opportunity to practise 
one of their principal operations to a realistic purpose. 
The construction of the Whiteadder Bridge has been 
such an occasion. 

As the aerial photograph in the previous article 
showed, the approach road on the south side of the old 
bridge was in the form of a sweeping S-bend; the 
general direction of the road was south-west to north- 
east, and the S-bend was necessary because the bridge 
lay at right-angles to the line of the river. It was 
therefore decided that the semi-permanent bridge 
should be erected obliquely across the river from the 
existing north abutment to a point on the south bank 
which would ensure a more direct southerly approach. 
This necessitated spanning a gap of 438 ft., which was, 
of course, too long for a single-span Bailey bridge. It 
was decided that “ single-storey ” construction should 
be used ; in this way the depth of the main girder would 
be kept to a minimum, thereby facilitating the passage 
of wide loads over the single roadway. With “ triple- 
single” construction (i.e., three trusses on each side, 
one storey high), a span of 110 ft. is possible for class-40 
loads, but as fairly heavy surfacing material was to be 
laid, to ensure a long life, and as it was desired to 
reduce deflection to a minimum, a maximum span 
between adjacent piers of about 100 ft. was accepted. 
Thus, five spans were required. The choice of sites for 
the four piers was determined after examining the 
form of the river bed, and with due consideration to the 
scouring action of the water when the river is in spate. 
From the north to the south abutments the spans are 
102 ft., 102 ft., 82 ft., 82 ft., and 71 ft. The first two 
spans and two bays of the third span are of triple-single 
construction, and the remainder is single-single. Owing 
to the possibility that the piers might settle slightly in 





for the production of gearboxes for heavy-duty p z 
and commercial vehicles, and the removal was organised 
so that production of the gearboxes continued throughout 


* Particularly, The Bailey Bridge; Military Engi- 
neering, vol. iii, Part III: Bailey Bridge—Normal Uses. 
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JACKING Up at THE First Pier. 
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Fie. 2. Lowering Spans on TO First Prer. 


service, “‘ broken ” spans were considered more suitable 
than continuous spans. 

_ The form of construction of the piers will be apparent 
from Fig. 1, and from some of the illustrations on 
page 156. The braced piles are surmounted by a 
framework of rolled-steel joists. The piles were 
driven by the engineering staff of the County Council, 
assisted by the Royal Engineers. To avoid levelling 
the approaches on opposite banks, it was decided to 
construct the bridge to a final slope of 1 in 100, up- 
wards from north to south. The south bank did not 
constitute a suitable launching area, owing to a sharp 
slope, but on the north bank the road was level and 
provided a building area more than 100 ft. in depth 
in line with the proposed bridge. The launching slope 
for the bridge was fixed at 1 in 132. Allowing for this 
angle, and for friction at the rollers, the maximum 
pull required for launching was calculated to be about 
8 to 9 tons. In the early stages of construction, the 
bridge was launched by men pushing at the rear, as 
shown in Fig. 4, on page 156, but as the weight in- 
creased the bridge was pulled across by the winch 
rope of a bulldozer operating from the south bank; 
the pull was direct at first, but later pulley blocks were 
used to provide a mechanical advantage. 

The building and launching of the bridge took two 
and a half working days, although only 20 men were 
employed on the first day; this was about half the 
time originally estimated. Rocking-type rollers were 
placed on cribs on all piers; Fig. 3, on page 156, shows 
them in place on the fourth pier. At the launching site 
on the north bank, rocking rollers were provided on the 
concrete bank-seat which had been constructed, and 
plain building rollers were placed at three intervals of 
about 25 ft. to the rear of the bank-seat. The Bailey 





bridge was assembled on these rollers and launched 
in stages of about 30 ft. to allow further bays to be 
added. Fig. 4 shows the partly-constructed bridge 
being rolled forward. A “ single-single” launching 
nose, 30 ft. long, was first constructed. The bays of 
the bridge proper were then assembled, the first bay 
being connected to the launching nose at the bottom 
chords by Bailey launching-nose links which lifted the 
nose about 3 ft. 4 in. at its extreme end. 

The “ broken-span ” design was achieved by coupling 
only the bottom chords at the junctions of the five 
spans, but for launching purposes the top chords were 
also coupled by special links which converted the bridge 
into a continuous girder. When the bridge was within 
about 20 ft. of its final position, the pins in the links at 
all junctions, except that between the first and second 
spans, were removed, and when the bridge was in its 
final position, the remaining pins were removed. Jacks 
were then used to take the weight of the bridge off the 
rollers, while the rollers, cribs, etc., were removed ; 
after which the spans were lowered on to the prepared 
seatings. The end-posts of the bridge rest, in the usual 
way, on bearings which were set on concrete platforms 
2 ft. 6 in. below road level. 

The work of the Royal Engineers began on the site 
on Sunday, November 28, when all levels and the 
centre-line of the bridge were confirmed, the launching 
plane was fixed, the positions of the building rollers 
on the north bank were marked out, and the heights of 
all rollers above the ground and the piers were fixed. 
From Monday to Thursday, the bridging material, 
weighing about 180 tons, was unloaded from lorries 
and stacked on the site. All rollers were placed and 
accurately aligned. The main items of plant used for 
the construction of the bridge were a 3-ton Coles crane, 





153 








No. 19 crane on a raft which had been used for pile 
driving. On Friday, D-cember 3, the unloading was 
finished ; the launching nose and a 70-ft. length of 
the bridge proper were built. A further 80 ft. were 
completed on Saturday, and the two southern 

thus completed were pushed out as far as the first 
pier. Decking was laid except over two bays at the 
forward end and two at the junction, which were left 
clear to reduce the weight of the launching end in 
the first case, and to facilitate jacking down on com- 
pletion of the launch in the second case. Up to this 
time, about 25 sappers had been employed, but on 
Monday the main body arrived, bringing the total up 
to 75, all from the School of Military Engineering, 
Ripon. On Monday, 150 ft. of bridge were assembled 
and the bridge launched a corresponding amount. 
Only 60 ft. of this section were decked, however, as it 
was decided to leave the remainder of the bridge un- 
decked to reduce the launching load. The remaining 
130 ft. of “ triple-single ” construction, were finished on 
Tuesday, and by 1.30 p.m. the bridge was across the 
gap. By 3.30 p.m. on Wednesday, the bridge had been 
jacked down, and the decking and footwalks were 
finished. 

Fig. 1, on this page, shows the junction of two spans 
at the first pier being jacked up to allow the rollers, 
etc. to be removed. Fig. 2 shows the same spans being 
lowered on to the seatings. Fig. 5, on page 156, shows 
the bridge on the first and second piers during launching. 
It also shows the junction of the “‘ double-single ” 
and “ triple-single ” constructions. Fig. 6, on page 156, 
shows the bridge being jacked down at the fourth pier. 
After the bridge had been erected, a wearing surface 
of BRC fabric was laid and spiked to the decking, 
and then sprayed with tarred chippings, which were 
rolled. Concrete approaches were constructed at both 
ends. The bridge was formally opened by the Mayor 
of Berwick-on-Tweed on Thursday, December 16. 








‘““ CATAROLE ” CRACKING FURNACE 
FOR PETROLEUM. 


Propuction has now been commenced in a petro- 
leum-cracking furnace employing the “ Catarole”’ 
process at the works of Petrochemicals Limited, 
Partington, near Manchester. The process consists 
essentially in submitting a petroleum fraction distilling 
between 225 deg. and 500 deg. F. (107 deg. and 260 
deg. C.) to temperatures ranging from 1,100 deg. to 
1,250 deg. F. (593 deg. to 676 deg. C.), in the presence 
of a catalyst. The conditions of the reaction are 
adjusted in such a manner that the petroleum charging 
stock, as it is termed, is transformed into a liquid 
product containing a wide range of aromatic hydro- 
carbons and only small quantities of non-aromatic 
compounds, and a gas mixture containing a high pro- 
portion of olefines. By the application of physical and 
chemical processes, both the liquid and the gaseous 
products are separated into pure hydrocarbons or into 
mixtures of hydrocarbons. Among the latter are high 
boiling-point liquids which are employed as special- 
purpose solvents, indene-type resins and low-ash pitch 
for electrodes. A portion of the high calorific-value 
methane-hydrogen gas mixture produced is being piped 
directly to the Manchester Corporation Gas Works and 
is blended with the town gas produced there. It is 
estimated that this procedure will save the Manchester 
Gas Department a capital expenditure of 250,0001. 
and the purchase and consumption of 53,000 tons of 
coal a year, which, but for the new arrangement, would 
have been required to produce the a:iditional quantity 
of gas needed to meet the increased demands in the 
area. 

The hydrocarbons produced in a state of high purity 
include ethylene, propylene, butenes, benzene, toluene, 
xylenes, naphthalene, anthracene, chrysene and pyrene. 
The new plant will also produce finished materials by 
rocessing further a considerable proportion of the 
fiquide and gases obtained. Altogether, upwards of 
70 different chemicals can be produced from the 
derivatives of the original petroleum fraction charged. 
These finished materials are used for paints and var- 
nishes, rubber and plastic products, dyestuffs, deter- 
gents, drugs, anesthetics, pharmaceutical products, 
special fuels and other commodities, some of which 
are exported. The firm add that, previously, many 
of these chemicals have been either imported from 
“dollar areas” or produced in this country by less 
economic or less efficient methods, while some of 
them, it appears, have not been available in Great 
Britain, in bulk, before. The Catarole process was 
originated and developed in this country and the new 
plant is entirely of British design and British-built. 
It is stated to have cost 4,500,000/. and to be working 
satisfactorily, the gas yield being higher than had been 
anticipated at first. The plant is now treating the 
petroleum distillate charging stock at a rate of between 
75,000 tons and 100,000 tons a year, but provision has 





been made for future substantial increases of capacity. 
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CONTRACTS. 


Messrs. SIMON-CARVES LimITED, Cheadle Heath, 
Stockport, have received a contract for the building and 
equipment, from the foundations upwards, of a complete 
plant, at Ellesmere Port, to produce about 10,000 tons 
of carbon black from oil imported from the United States. 
The contract has been placed by the Massachusetts firm 
of Godfrey L. Cabot, Incorporated ; the English operating 
company is Cabot Carbon Limited. The plant is ex- 
pected to be in full production within two years and will 
employ about 100 men. 


‘ ASSOCIATED BRITISH OIL ENGINES LIMITED, Marine 
Division, Duke’s-court, 32, Duke-street, St. James’s, 
London, S.W.1, have received an order for four Mirrlees 
“TV 12” twelve-cylinder V-form engines developing 
910 b.h.p. at 650 r.p.m., for direct coupling to 450-kKW 
direct-current generators ; two Mirrlees “‘ TLB 7 ”’ seven- 
cylinder vertical engines rated at 367 b.h.p. at 600 r.p.m., 
for direct coupling to 120-kW 60-cycle alternators and 
30-kW direct-current generators in tandem; and one 
McLaren “ MR 5 ” five-cylinder engine rated at 83 b.h.p. 
at 750 r.p.m., driving an air compressor. This machinery 
has been ordered by the METROPOLITAN-VICKERS ELEC- 
TRICAL COMPANY, LIMITED, for installation on a barge 
for operating oil-field drilling equipment in Venezuela. 
Other recent orders received by the Marine Division 
include a Mirrlees six-cylinder 270-s.h.p. propulsion 
engine for a Swedish fishing boat ; a Mirrlees three-cylinder 
130-s.h.p. propulsion engine for a Scottish passenger and 
cargo vessel and two Mirrlees 150-kW Diesel-electric 
auxiliary sets for a Norwegian ship to be built by MESSRS. 
BARCLAY, CURLE AND COMPANY, LIMITED. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “IrnmsH CEpaAR.”—Single-screw cargo vessel, 
carrying 12 passengers, built by Messrs. William Gray 
and Company, Limited, West Hartlepool, for Messrs. 
Irish Shipping, Limited, Dublin. Third vessel of an 
order for five. Main dimensions: 446 ft. 1} in. by 
57 ft. 34 in. by 37 ft. to shelter deck; deadweight 
capacity, 8,700 tons on a draught of 25 ft. 1}in. Triple- 
expansion engine coupled to a Bauer-Wach turbine, con- 
structed and installed by the Central Marine Engine 
Works of the shipbuilders, and three oil-fired boilers. 
Service speed, about 12} knots. Trial trip, January 17. 

S.S. “ Tauri.”—Single-screw cargo vessel, built by 
Messrs. William Gray and Company, Limited, West 
Hartlepool, for Rederi A/B Iris (Mr. S. Abrahamsen), 
Stockholm, Sweden. Last vessel of an order for five. 
Main dimensions: 336 ft. by 47 ft. by 27 ft. 104 in. to 
shelter deck ; deadweight capacity, about 3,420 tons on a 
loaded draught of 19 ft. summer freeboard. Triple- 
expansion engine of 1,970 i.b.p., supplied and installed 
by tbe Central Marine Engine Works of the shipbuilders, 
and two oil-fired multitubular boilers. Service speed, 
over 12 knots. Trial trip, February 7. 

M.S. “ BRITISH FAME.”—Single-screw tanker built and 
engined by Messrs. Swan, Hunter, and Wigham Richard- 
son, Limited, Wallsend-on-Tyne, for the British Tanker 
Company, Limited, London, E.C.2. Accommodation can 
be adapted to suit either a European or an Indian crew. 
Main dimensions: 547 ft. by 69 ft. 6 in. by 37 ft. 6 in.; 
deadweight capacity, 16,170 tons on a draught of 30 ft. ; 
gross tonnage, 10,985. Six-cylinder combined-stroke 
opposed-piston Swan Hunter-Doxford oil engine to 
develop 6,400 b.h.p. and providing a service speed of 
13? knots. Trial trip, February 8. 

M.S. “‘ Latirus.”—Single-screw tanker to carry petro- 
leum in bulk, built and engined by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, Hebburn-on- 
Tyne, fot the Anglo-Saxon Petroleum Company, Limited, 
London, E.C.3. Main dimensions: about 446 ft. by 
53 ft. 3 in. by 31 ft. to upper deck ; deadweight capacity, 
about 9,000 tons. Six-cylinder four-cycle supercharged 
Hawthorn-Werkspoor engine to develop 2,700 b.h.p. 
Launch, February 14. 


M.S. “‘ AUK.” —Twin-screw general cargo vessel, built 
by Messrs. S. P. Austin and Son, Limited, Sunderland, 
for the General Steam Navigation Company, Limited, 
London, E.C.3. Third vessel for these owners. Main 
dimensions: 245 ft. (between perpendiculars) by 40 ft. 
by 23 ft. 9 in. to shelter deck; deadweight capacity, 
about 1,375 tons. Two five-cylinder reversing marine 
Diesel engines, developing a total of 1,600 b.h.p., installed 
by the North Eastern Marine Engineering Company 
(1938), Limited, Sunderland to give a speed on trial of 
13 knots. Launch, February 14. 


M.S. “‘ ATHELCROWN.”—Single-screw tanker to carry 
molasses or petroleum in bulk, built by Messrs. Cammell 
Laird and Company, Limited, Birkenhead, for the Athel 
Line Limited, London, W.1. Main dimensions: 510 ft. 
by 67 ft. by 36 ft.; deadweight capacity, about 15,300 
tons. Four-cylinder opposed-piston airless-injection 
Hawthorn-Doxford Diesel engine, to develop 4,450 b.h.p. 
in service, constructed by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne. 
Launch, February 15. 








BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, at 
the price quoted at the end of each paragraph. 

Reels for Electrical Winding Wire.—A new specifica- 
tion, B.S. No. 1489, concerns reels for covered, solid, 
round electrical winding wire. It has been pre 
with the object of ensuring interchangeability among 
reels and also to reduce the wide range of sizes now in 
use. Careful consideration has been given to design 
proportions, and one of the main features is that a 
ratio of 2: 1 between the flange and the barrel diameters 
has not been exceeded. The purpose of this is to lessen 
tension variations and to facilitate unwinding by the 
user. A number of the requirements included in the 
specification, in many cases, will necessitate alterations 
to the machinery of wire and coil manufacturers and of 
other users of the reels. It is anticipated by the com- 
pilers, however, that the ne adjustments will 
be made to existing plant and that any new machines 
installed will be designed so as to take the standard 
reels. It is appreciated that, at the present time, there 
are a very large number of reels in use which do not 
conform to the requirements of the specification. These 
reels cannot be immediately withdrawn and the change- 
over will inevitably take some time tc accomplish. 
[Price 2s., postage inclftded. } 

British-Made Plywood.—Another new specification, 
B.S. No. 1455, covers British-made plywood. This 
has been prepared with the object of defining the 
grades and qualities of plywood suitable for building 
and general purposes, regardless of the species of timber 
which may be used. It does not include, however, 
plywood graded for stress requirements, or plywood 
faced with decorative veneers. In addition to general 
clauses regarding the manufacture of the plywood, the 
material is divided into “interior” type, having a 
limited moisture resistance, and “exterior” type, 
having a high degree of moisture resistance ; plywood 
is further classified into four grades which concern the 
quality and appearance of one or both sides of the 
finished boards. Methods for the determination of 
moisture content and for carrying out tests for adhesion 
and resistance to moisture are described in appendices, 
and half-tone illustrations showing typical examples of 
excellent, good, and unsatisfactory adhesion of the plies, 
in test-specimen boards, are included. [Price 3s., 
postage included. } 





BOOKS RECEIVED. 


Nineteenth Century Railway Carriages in the British Isles 
from the Eighteen-Thirties to the Nineteen-Hundreds. 
By HAMILTON ELLIS. Modern Transport Publishing 
Company, Limited, Norman House, 105/109, Strand, 
London, W.C.2. [Price 21s.] 

Advanced Surveying. A Text-Book for Students. By 

PROFESSOR ALEX. H. JAMESON. Second edition. Sir 

Isaac Pitman and Sons, Limited, Parker-street, Kings- 

way, London, W.C.2. [Price 20s. net.] 

Mechanical World’ Monographs. No. 52. An Outline 

of Advertising for Engineers. By J. W. B. TUNSTALL. 

Emmott and Company, Limited, 31, King-street West, 

Manchester 3. [Price 2s. net.] 

Machinery’s ”’ Yellow Back Series. No. 4b. Die-Casting 

Machines. Examples Showing the Design of the Main 

Types of Modern Machines, Including Plunger Goose- 

neck, Air-Operated Gooseneck and Cold-Chamber Types. 

Revised edition. No. 6. Cemented-Carbide Tools. 

Carbides and Bonding Agents Used for Metal Cutting, 

and the Design, Care and Maintenance of Tipped Tools. 

Re-written. By D. H. S#HUTE. The Machinery 

Publishing Company, Limited, National House, West- 

street, Brighton, 1. [Price 3s. 6d. each.) 

World of Industry Series. Coal. By A. P. Youna. 
George Gill and Sons, Limited, 67-68, Chandos-place, 
London, W.C.2. [Price 3s. 6d., limp cloth; s., 
boards.] 

Jigs, Tools and Fixtures. Covering the Drawing and 
Design of Equipment for Modern Machine Tools, with 
Chapters on Special Equipment and Drawing Office 
Procedure: Also Giving Numerous Examples from 
Practice. By Puiie Gates. Fourth edition, revised. 
The Technical Press, Limited, Gloucester-road, Kings- 
ton Hill, Surrey. [Price 17s. 6d. net.) 

Elementary Technical Electricity. By ROBERT W. 
HUTCHINSON. Second edition. Revised by R. J. 
Huck. University Tutorial Press, Limited, Clifton 
House, Euston-road, London, N.W.1. [Price 9s. 6d. 
net.] 

Steam, Air and Gas Power. Fourth edition. By Pro- 

FESSOR WILLIAM H. SEVERNS and HOWARD E. DEGLER. 

John Wiley and Sons, Incorporated, 440, Fourth- 

avenue, New York 16, U.S.A. [Price 4-75 dols.] 

Chapman and Hall, Limited, 37, Essex-street, Strand, 

London, W.C.2. [Price 28s. 6d. net.] 
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PERSONAL. 


Sm EDWARD APPLETON, K.B.E., K.C.B., F.R.S., is 
relinquishing his appointment as secretary to the Com- 
mittee of the Privy Council for Scientific and Industria] 
Research on April 30, to become Principal of the Uni- 
versity of Edizburgh. Simm BEN LOCKSPEISER, M.A., 
M.I.Mech.E., F.R.Ae.S., at present Chief Scientist at the 
Ministry of Supply, has been appointed to succeed Sir 
Edward as from May 1. 

Mr. R. H. T. Harper, A.F.R.Ae.S., who joined the 
de Havilland Aircraft Company, Limited, Hatfield, 
Hertfordshire, in 1937, and, for some years, has been 
chief stressman, has been appointed cbief structural 
engineer. Mr. A. W. Torry, A.F.R.Ae.8., 0 Was 
appointed assistant chief stressman in 1941, is now 
to be chief stressman, and takes charge of the stress 
office under Mr, Harper. 

Mr. V. C. MCDONNELL, M.I.Mech.E., formerly produc- 
tion manager, Development and Research Division, The 
de Havilland Engine Company, Limited, has been 

ppointed develop t manager to Conrad Parlanti 
Castings, The Foundry, Herne Bay, Kent. 

Mr. GORDON WESTON, B.Sc. (Eng.), has been appointed 
assistant director of the British Standards Institution, 
24-28, Victoria-street, London, 8.W.1. 

Mr. F. STANLEY MOocKFORD, commercial manager, 
Marconi Wireless Telegraph Company, Limited, has been 
elected chairman of the Radio Communication and 
Electronic Engineering Association in succession to Mr. 
L. T. Hinton. Mr. V. M. RosBerts, of the British 
Thomson-Houston Company, Limited, Rugby, is the 
new vice-chairman. 

Mr. CLEMENT HuLME, B.Sc. (Eng.) (Lond.), 
A.M.1I.Mech.E., hitherto blast-furnace manager, North 
Works, Appleby-Frodingham Steel Company branch of 
the United Steel Companies, Limited, Sheffield, has been 
appointed assistant works manager, Pert Talbot and 
Margam Works, Steel Company of Wales, Limited. 

Mr. J. H. S. Linscorr has been elected a director of the 
Gill Propeller’ Company, Limited, 17, Vietoria-street, 
London, 8.W.1. 

Mr. JOHN GREEN, a director of Messrs. Thos. Firth and 


John Brown, Limited, Atlas Works, Sheffield, 4, is to 
be a part-time member of the East Midlands Gas Board. 





Mr. E. W. STEELE, director and general manager of 
works of the Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, 17, has been elected 
a director of the Metropolitan-Vickers Electrical Export 
Company, Limited. Mr. A. C. MAIN, M.I.E.E., has 
been appointed assistant works manager, Metropolitan- 
Vickers Electrical Company, Limited, Main Works. Mr. 
R. Croveu has been made superintendent, switchgear 
department, and Mr. T. R. Porter, M.B.E., superin- 
tendent, control and radio departments. 


Mr. Donatp S. Tyzack, chairman and governing 
director of Messrs. W. A. Tyzack and Company, Limited, 
Stella Works, Sheffield, has been appointed one of the 
twelve members of the governing body of the re-formed 
National Institute of Agricultural Engineering. This 
body has taken over the administration of research in 
agricultural engineering for the Agricultural Machinery 
Development Board. 


Mr. E. Brown, commercial manager, and Mr. G. A. 
Pups, chief engineer, have been elected directors of 
Messrs. Guest Keen and Nettlefolds (South Wales) 
Limited, Castle Works and Rolling Mills, Cardiff. 


Mr. J. L. BALE has retired from the position of joint 
managing director of Messrs. Chapman and Hall, Limited, 
but will remain on the board. His place as technical 
director has been taken over by Mr. G. Parr, formerly 
editor of Electronic Engineering. MR. JOHN MCDOUGALL 
is now sole managing director of the firm. 


Messrs. ELLIOTT Bros. (LONDON) LIMITED, Century 
Works, London, 8.E.13, have established offices at 
37, Mount Stuart-square, Cardiff, for the South Western 
Area, under Mr. W. J. TUCKER; at 9, Caroline-street, 
Birmingham, 3, for the Midlands, under Mr. 7 ©. 
LEONARD; at 270/272, Corn Exchange Buildings, 
Hanging Ditch, Manchester, 4, for the North Midlands, 
under Mr. P. B. HALL; at Grey’s Buildings, 53, Grey- 
street, Newcastle-upon-Tyne, for the North-East Coast, 
under Mr. T. Mircuison; and at 55-63, Washington- 
street, Glasgow, C.3, for Scotland and Northern Ireland, 
under Mr. N. PRovanp. The manager for the London 
area is Mr. L. W. Perrir, with an office at headquarters. 


THE ZINC DEVELOPMENT ASSOCIATION announce the 
formation of the Hor Dip GALVANISERS ASSOCIATION, & 
non-trading body set up to promote the development of 
existing and new uses of hot-dip galvanised coatings and 
to improve galvanising technique. MR. F. C. BRABY 
is the first chairman and Mr. A. H. THOMPSON the first 
vice-chairman of the Council. The new Association is a 
member of the Zinc Development Association and has 
its offices at the same address, namely, Lincoln House, 
Turl-street, Oxford. (Telephone: Oxford 48088.) 








— 


mw 


= 
SE 


~maesmnasea ew eee el Ole 


-— “ae “2 UU Te ee ee co. 





the 
ld, 
‘en 
ral 


OW 


USS 


Ic- 
he 
en 
iti 








FEB. 18, 1949. 


FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—The output of ingots and castings 
during January was at an annual rate of 1,691,700 tons, 
as compared with a rate of 2,014,700 tons for the corre- 
sponding month of 1948. The result, however, is hardly 
a true reflection of the level of production this year, as 
the New Year holidays encroached further into the 
month than a year ago. The current rate at most of 
the principal works is at least as high as in 1948, and the 
prospects of its continuing at that standard are good, so 
far as raw materials are concerned. Pig-iron production 
is satisfactory, the output during January being at an 
annual rate of 694,000 tons, as against 634,000 tons a year 
ago. Whereas the No. 1 blast-furnace at Clyde Iron 
Works was withdrawn last month, the modern No. 3 
unit was not brought into production until mid-January 
jast year. Scrap deliveries are being maintained satis- 
factorily. Home deliveries are related, of course, to the 
high steel output, while arrivals from the Continent are 
encouraging. The reports from the United States of a 
slackening in demand for steel are being closely watched 
by Scottish makers, as it is anticipated that, if they are 
confirmed, special efforts will be made by American 
sellers to dispose of their surplus in European and other 
markets. In the meantime, the demand for steel here is 
actually slightly higher than ever for some items, notably 
sheets. Authorisations, in fact, appear to be in excess 
of the capacity of the industry. 

Scottish Coal.—The average weekly output from the 
Division is some 480,006 tons, aithough in successive 
weeks the figure varies about 10,000 tons because of the 
alternate idle Saturdays in Fife. This standard is low 
in regard to stipulated comm tments, and an equitable 
distribution among certain categories is difficult to main- 
tain. The principal shortage is in round coal, and 
householders are complaining of an inadequate supply. 
Considerable switching is being forced on the authorities, 
but the position is a trifie easier. Merchants are now 
receiving almost the basic allocations ; railway deliveries 
have been up to programme ; while fresh coal at gasworks 
is sufficient in conjunction with stocks. Industrial 
users are handicapped by the shortage of graded fuel. 
Steelworks are well supplied, but electric power stations 
and many other users are having to accept a considerable 
proportion of dross. Anthracite is in good demand. 
Metallurgical coke is adequate, and gas coke is still very 
plentiful. During January, 73,373 tons of export cargoes 
were shipped from Scottish ports, as against 46,779 tons 
in January of last year, but the total compared unfavour- 
ably with the average of 125,000 tons a month attained 
during the second half of 1948. 


NOTE 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—A scheme under which miners 
thrown out of work by the closure of pits will receive 
21. 38. 8d. a week if undefground workers, and 11. 3s. 8d. 
if surfacemen, for 26 weeks, in addition to their unem- 
ployment benefits, was announced at a special miners’ 
coalfield conference called to consider the closure of 
pits by the Coal Board. Under the old redundancy 
scheme operated by the Ministry of Fuel and Power, the 
men received minimum wages for 12 weeks, but without 
any unemployment pay. In a report to the conference, 
the area executive council of the Nationa] Union of 
Mineworkers made it clear that responsibility for the 
reorganisation of the coalfield was that of the Coal 
Board. If at any time a difference arose between the 
Board and the Union on the advisibility of closing a col- 
liery, discussions would take place at all levels—pit, 
divisional and, if necessary, national. The conference, 
by a majority of 43,000 to 34,000, decided in favour of 
continuing the system of staggering holidays in the mines. 
A very acute supply position has developed on the steam- 
coal market. It has become as difficult as at any time 


‘in the past to negotiate fresh business for early delivery, 


and in a number of instances operators were hard pressed 
to keep pace with their contract commitments. The 
cause of the shortage has been a large increase in the needs 
of the inland section. The railways, in particular, are 
calling for substantially increased deliveries, and indus- 
trial and domestic requirements are heavy. As a result 
of the supply position, prospects for the export trade are 
rather obscure. Shipments are proceeding steadily 
under existing allocations, but there seems little likeli- 
hood of any expansion in exports in view of the well- 
stemmed position of producers. Cokes are firm. 
Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the active demand for tin-plates was 
fully maintained and appreciable orders were p.aced by 
home consumers. The export market, too, showed 
more life and the volume of business done was on an 
increased scale. Steel sheets continue to be sought 
after and as the rolling mills are heavily booked, con- 
sumers have to accept long-deferred delivery. The 
demand for iron and steel scrap remains strong. 








ENGINEERING. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The fuel position ia easier this week. 
There have been successive cuts of 15 and 10 per cent. in 
gas, due mainly to lack of sufficient supplies of coke-oven 
ges through the South Yorkshire Gas Grid. Fuller and 
better quality supplies of coking coal have permitted a 
larger make of coke and an appreciable improvement in 
the supply of gas, so that from Monday, February 14, the 
cut has been reduced further to 7} per cent. This has 
helped to restore production by the steel-melting and 
heat-treatment furnaces, tool and cutlery factories, and 
has eased the position at the rolling mills and forges, 
which are beginning to receive a more satisfactory supply 
of slabs and billets. New business is coming forward 
rather slowly in many cases, but the larger concerns 
having extensive overseas organisations are maintaining 
their bookings on export account. German competition 
is growing in steel and edge tools, as well as in cutlery. 
The chairman of Hadfields Limited, Lord Dudley 
Gordon, says that steel firms are not holding back 
development plans because of the Steel Bill. In the case 
of Hadfields, he said, orders were coming in ‘more rapidly 
than deliveries were being made, and there was no 
danger of working through the accumulation of orders, 
seeing it disappear, and then having unemployment. 


South Yorkshire Coal Trade.—Fuller supplies of coal are 
coming forward gradually, but the supply position has 
not yet fully recovered from the effects of recent holidays 
at the pits. The demand is very strong. Efforts are 
being made to restore stocks at railway locomotive 
depots to a satisfactory level and coal:is reaching the 
electric power stations in satisfactory volume but of 
varying quality. Coking coal is in slightly improved 
supply, and the coke works have been able to institute 
fuller heats. Gas coal is needed in larger quantities to 
permit the growing domestic demand for gas to be met. 
House coal is in short supply, and representations have 
been made to the Government for an increase in the 
permitted quantity. The demand for coal for shipment 
from the Humber ports for export and bunkers is strong. 
Vessels unable to get sufficient bunkers at North-East 
Coast ports have taken supplies from Humber ports. 











NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The aggregate tonnage output of 
iron and steel in the Tees-side area has reached an 
extremely high level, but is still much below customers’ 
requirements, and makers are concentrating on further 
increases in production in the belief that the demand will 
continue considerably in excess of supply throughout 
the year. Deliveries of raw materials are being steadily 
maintained. A gradual increase in the Cleveland iron- 
stone output is expected, and users of foreign ore are 
fairly well placed as regards supplies. The distributable 
tonnage of fuel is quite up to expectations and substantial 
parcels of iron and steel scrap continue to reach the con- 
suming plants. LIronfounders still have difficulty in 
obtaining the qualities of pig iron which they require and 
an early improvement in the situation seems unlikely. 
Complaints are made regarding the shortage of all blast- 
furnace products and the consequent unavoidable increase 
in the use of refined iron and other commodities. Manu- 
facturers of the various descriptions of finished material 
have heavy bookings. Delivery obligations are so 
extensive in some cases that new business cannot be 
accepted at present. 

“Foundry and Basic Iron.—North-East Coast founders 
are almost entirely dependent on the Midlands for their 
pig-iron supplies. The recent enlargement of foundry-pig 
output due to the lighting-up of a blast-furnace in that 
producing area has permitted a welcome increase in 
deliveries to Tees-side users, but parcels coming to hand 
are still far from adequate for current requirements. 
The make of basic iron is going into immediate use at the 
producers’ adjoining steelworks. 

Hematite, Low-Phosphorus and Refined Iron.—The 
distributable quantities of East-Coast hematite are not 
sufficient for the urgent needs of regular users, and no 
improvement is yet in sight. Outputs of low-phosphorus 
grades of iron are readily taken up and the demand for 
refined iron absorbs the production. 

Manufactured Iron and Steel.—Orders, in hand for 
semi-finished and finished iron are keeping the works 
actively employed and forward bookings are good. All 
branches of the steel industry are operating at high 
pressure, and heavy delivery obligations for several 
categories render it necessary to refuse new business. 
Steel semies are still wanted in larger parcels than are 
obtainable. Much expensive foreign mat ral is readily 
accepted ; small billets and sheet bars especially continue 
in strong request. Bookings for finished steel are very 
heavy. Black and galvanised sheets are sold as exten- 
sively as circumstances permit and manufacturers of 
plates, rails and light sections are very busy. 








ie __._ 355 


NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
February 21, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on “ Industrial Design in Engineering,” 
opened by Mr. N. E. Kearley. Mersey Centre: Monday, 
February 21, 6.30 p.m., Town Hall, Chester. Joint 
Meeting with North-Western Centre and CHESTER ENGI- 
NEERING Society. “ Lightning Protection of High- 
Voltage Overhead Systems,” by Mr. H. M. Lacey. 
Measurements Section : Tuesday, February 22, 5.30 p.m., 
Victoria-embankment, W.C.2. Discussion on “ Auto- 
matic Precision Instruments,” opened by Dr. A. T. Starr. 
Scottish Centre: Tuesday, February 22, 7 p.m., Royal 
Technical College, Glasgow. ‘‘ Influence of Inverse Time 
Relay Characteristics on Discriminative Time,” by Mr. 
E. W. Connon and Mr. E. Smith. Southern Centre: 
Wednesday, February 23, 6.30 p.m., 17, New Canal, 
Salisbury. ‘“‘ Selection of Transformers for Use in Dis- 
tribution Networks,’’ by Mr. E. Tobin. North-Western 
Centre: Wednesday, February 23, 6.45 p.m., Harris 
Institute, Preston. ‘“‘ Railway Traction Control Equip- 
ment on London Transport,” by Mr. E. Webster. 

INSTITUTE OF WELDING and ELECTRODEPOSITORS’ 
TECHNICAL Socitetry.—Monday, February 21, 6 p.m., 
Institution of Civil Engineers, Great George-street, S.W.1. 
“ Welding, Brazing and Soldering of Coated Metals,” by 
Mr. E. V. Beatson. 

INSTITUTION OF PRODUCTION ENGINEERS.— North- 
Eastern Section: Monday, February 21, 6.30 p.m., 
Neville Hall, Newcastle-upon-Tyne. “ Air-Operated 
Fixtures,”” by Mr. N. P. Watts. 

RoyaL Society oF ARTs.—Monday, February 21, 
8 p.m., John Adam-street, W.C.2. “Corrosion of 
Metals,” Lecture I, by Dr. W. H. J. Vernon. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Febru- 
ary 22, 5.30 p.m., Great George-street, 8.W.1. “‘ Timber 
Construction,” by Mr. P. O. Reece. Yorkshire Associa- 
tion: Wednesday, February 23, 7 p.m., University, 
Leeds. “‘The New Code of Practice for Reinforced 
Concrete,” by Dr. Oscar Faber. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, February 22, 6.30 p.m., 39, Elim- 
bank-crescent, Glasgow. ‘‘ Thermal Efficiency in Indus- 
try by Combined Power and Heating,” by Mr. T. B. 
Maxwell. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
February 22, 7 p.m., 198, West-street, Sheffield. “‘ Metal- 
lurgical Considerations in Welding,” by Mr. E. Bishop. 

INSTITUTE OF BRITISH FOUNDRYMEN.— London Branch: 
Tuesday, February 22, 7.30 p.m., Waldorf Hotel, W.C.2. 
“* art Foundry Practice,” by Mr. A. R. Wizard. 

SocikTé DES INGENTIEURS CIVIIS DE FRANCE (BRITISH 
SECTION).—Wednesday, February 23, 5.30 p.m., Institu- 
tion of Civil Engineers, Great George-street, S.W.1. 
“The Problem of District Heating,” by Mr, G. Gourdeau. 

REINFORCED CONCRETE ASSOCIATION.—Wednesday, 
February 23, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
** The Control of Variations in the Quality of Concrete,” 
by Mr. F. N. Sparkes. 

INSTITUTION OF CHEMICAL ENGINEERS.—Thursday, 
February 24, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Materials of Construction for 
Use at Low Temperatures,” by Mr. E. W. Colbeck. 

ROYAL AERONAUTICAL Society.—Thursday, February 
24, 6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘“‘ Flutter and Stability,” by Professor 
W. J. Duncan, F.R.S. 

INSTITUTION OF MECHANICAL ENGINEERS.—Southern 
Branch : Thursday, February 24, 7 p.m., Canteen, Messrs. 
Transport Equipment (Thornycroft), Limited, Basing- 
stoke. ‘“‘ Design, Development and Production of High- 
Speed Compression-Ignition Engines,” by Mr. S. Mark- 
land and Mr. N. Tattersall. Institution, in association 
with Applied Mechanics and Internal-Combustion Engire 
Groups: Friday, February 25, 6 p.m., Storey’s-gate, St. 
James’s Park, 8.W.1. “‘ Crankshaft Damping,” by Dr. 
P. Draminsky. AUTOMOBILE Division. Scottish Centre : 
Monday, February 21, 7.30 p.m., 39, Elmbank-crescent, 
Glasgow. ‘“‘ Lubrication of Engines in Public Service 
Vehicles,” by Mr. A. T. Wilford. Also at the Birmingham 
Centre: Tuesday, February 22, 6.45 p.m., James Watt 
Memorial Institute, Birmingham. North-Western Centre : 
Tuesday, February 22,:7 p.m., Messrs. Leyland Motors, 
Limited, Leyland. ‘“‘ Development of the Public-Service 
Vehicle,” by Mr. D. M. Sinclair. 

NorTs-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, February 25, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. “‘ Production of Forg- 
ings for Marine Work,” by Mr. R. C. Benson. 

JuNIoR INSTITUTION OF ENGINEERS.—Friday, Febru- 
ary 25, 6.30 p.m., 39, Victoria-street, S.W.1. “ Tradi- 
tional Building,” by Mr. S. J. Crispin. 
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BAILEY BRIDGE OVER WHITEADDER WATER, NORTHUMBERLAND. 


(For Description, see Page 152.) 
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the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
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“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
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te the Editor and other correspondence to the 
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SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
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well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisemente will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cert. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

~ ” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession for more 
than two years. 
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WORLD POWER. 


APPLICATION, in 1930, for the addition of Germany 
to the list of countries for which a passport was 
valid was received with some suspicion by the 
official concerned, when it was explained that the 
purpose of the visit was to attend the World 
Power Conference in Berlin. To the non-technical 
administrative mind, the expression ‘‘ world power ” 
probably suggested political activities of a type 
which it was not desirable to encourage. When, 
however, it was explained that the Earl of Derby 
was president of the Conference, it was realised 
that there could not be much the matter and the 
addition was made to the passport without further 
demur. This incident illustrated the two very 
different meanings which could be attached to the 
term “world power” and the intervening years 
have not eliminated that possibility. To-day, two 
main factors dominate speculations about the future 
configuration of world affairs. These are the 
ideological differences separating what are con- 
veniently known as the eastern and western spheres 
of influence, and the claims for self-sufficiency 
advanced in many countries inhabited by non- 
European stock. These claims have been success- 
fully substantiated in some Asiatic countries; in 
others, and to some extent in other continents, they 
have not advanced: beyond the stage of agitation 
or even of the first stirrings of public opinion. 

These two main factors of ‘world power,” in 
the political sense, to some extend overlap, and 
the former, in particular, has influenced the latter. 
They are not, however, the same thing. Marxian 
doctrine professes to know no frontiers, but the 
racial movements are confined to geographical areas 
and their purpose is to eliminate what is called the 
exploitation, but what is really tutelage, by the 
white man from various countries inhabited by 
coloured races. It is in this connection that the 
two entirely different concepts suggested by the 
term “world power” call for some consideration 
together. Material civilisation is based on the 
utilisation and development of natural resources, 
progress towards a higher standard of living in 
any country depending not only on its natural 





endowments, but on the ability of its inhabitants 


to utilise them. The industrial developments in 
which Great Britain led the world were based on 
the industrial development of coal resources, but at 
the period of the most rapid advance, there was 
plenty of accessible coal in central Europe. The 
start which Britain obtained was due partly to the 
enterprise and inventiveness of the British people 
and partly to the fact that these islands had not been 
devastated by wars. 

In more recent years, industrialisation has spread 
practically throughout the world, and the mineral 
and agricultural potential of countries inhabited 
by peoples of non-European stock has been deve- 
loped with the assistance, and largely under the 
guardianship, of the white races. At the moment, 
the pattern of world trade has been marred by 
the aftermath of war, but general interdependence 
and interworking remain and the prosperity of 
every country depends, to some extent, on the 
activity of all the others. As it could hardly 
be disputed that the resources of many relatively 
undeveloped countries would not have been 
exploited for the benefit of world trade generally 
if the white man had not intervened, it becomes 
a matter of lively interest to inquire whether the 
elimination of his influence will, or will not, result 
in a diminution of the activities on which much of 
the prosperity of the world depends. The question 
cannot be answered with any confidence, but it 
seems possible that at least temporary retrogression, 
of no benefit to anybody, would ensue. 

The two meanings of “ world power” are inter- 
locked in the sense that political power of any 
important weight cannot be exercised unless it is 
backed by material power, and the part which the 
countries now determined to reject instructed 
guardianship can play in future world economics 
will depend to a considerable extent on their natural 
power resources. This consideration adds interest 
and importance to the latest statistical returns,* 
which have been compiled and published by the 
World Power Conference. These returns are not 
intended to cover every material endowment of the 
countries of the world and are not concerned with 
metallurgical mineral resources, but power potential 
in itself forms a measure of development possi- 
bilities. The statistics cover coal, timber, oils, 
gas and water power. 

The whole of the statistics in this valuable 
yea1-book are not of equal validity, but this is not 
in any way the fault of the compilers : it is due to the 
fact that in some cases accurate information is not 
available. Thisis particularly the case in connection 
with “‘ resources ”’ which, in relation to the considcra- 
tions which have been mentioned above, are of vital 
importance in a long view. The matter may be 
illustrated in connection with water power. The 
table headed ‘‘ Water Power Resources,” is divided 
under the various continents, and it will be a surprise 
to many that Great Britain is not included under 
Europe. Presumably, the reason for this is that 
an official return to the World Power Conference has 
not been made by this country. It is doubtful, 
however, whether it would have been of much value 
if it had. Various estimates have been made of the 
water-power resources of Great Britain, and one of 
the most authoritative did not indicate that any 
water power was available jn the area which has 
since been developed by the Galloway Power Com- 
pany ; and sites are now being exploited in Scotland, 
and are scheduled for development in Wales, which 
were not allowed for in early estimates. The 
position appears to be that exhaustive investigations 
have not been carried out in any country. A glaring 
example of the inadequacy of the information pre- 
sented in the table is given by the case of the Conti- 
nent of Africa. The total recorded resources are 
either 471,000 kW or 857,000 kW, depending on 
whether “ present ”’ flow or “ natural ” flow is taken. 
It does not matter which of the above figures is 
taken ; they refer only to Southern Rhodesia and 
Uganda and are grossly inadequate as an estimate of 
the water-power resources of Africa which were put 





* Statistical Year-Book of the World Power Conference : 
No. 4, Data on Resources and Annual Statistics for 1936- 
1946. Edited by Frederick Brown, B.Sc. (Econ.), F.S.S. 
The Central Office, World Power Conference, 201-2, 
Grand Buildings, Trafalgar-square, London, W.C.2. 





[Price 45s. net.] 
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at 274,000,000 h.p. in a return prepared by the 
United States Geological Survey. We commented 
on this on page 109 of vol. 164 of ENGINEERING 
(1947). 

The incompleteness of the water-power resources 
table prevents any broad conclusions being drawn 
from it, but that covering ‘‘ Developed Water 
Power” may be turned to with more confidence. 
As India is a country of great importance which has 
now set out to manage her own affairs, Indian power 
potential may be ap important factor in the future 
pattern of world trade and industrial activity. 
The population is given as 359 million and the 
developed water power as 523,440 kW. Correspond- 
ing figures for the United States are 141 million and 
13,668,000 kW. India has a population 2-5 times 
that of the United States, but the latter country 
has 25 times the developed water power. This is 
not merely due to the presence of natural resources. 
According to the United States Geological Survey, 
India, including Ceylon, has a water-power capacity 
of 39 million h.p., so that the potential resources are 
hardly touched. It should give no offence to point 
out that the relative positions of these two countries 
is due to the nature of their populations. 

The above consideration may appear to lay too 
much stress on water power, which is not the main 
source of energy in the United States as it is, for 
instance, in Canada and Switzerland. Water 
power, however, forms a convenient measure of 
applied resources. The same type of comparison 
may be made in connection with coal, which is the 
main source of power in many countries. Again, 
it must be said, and without any disrespect to the 
geologists, that the estimates of coal resources are 
probably of little statistical value. The reserves 
of Great Britain, given in the table as 172,200 
million metric tons, have been estimated at various 
times over the last 50 years or more, and each new 
estimate has shown them larger than the previous 
one. The obvious reason for this is that there had 
been time for further survey and exploration. With 
a record of this kind in Great Britain, it does not 
seem probable that the estimate given for such a 
country as Manchuria can be more than an inspired 
guess. The value of the table does not lie in the 
accuracy of the figures given, but in the fact that it 
allows brozd comparisons to be mzde, as it may be 
assumed, that the order of magnitude of the totals 
given is reasonably reliable. On this basis, in re- 
serves, Germany leads among European countries, 
followed by Great Britain and Poland, in that order. 
A larger total is shown for the U.S.S.R., but that 
covers both the European and Asiatic territory. 

To continue the comparison between the highly- 
develop:d United States and India, it may be said 
that coal outputs in the two countries (India in this 
case including Pakistan) in 1936, were 539-26 million 
metric tons and 29-3 million metric tons, respec- 
tively. United States probable reserves are given 
as 2,028,000 million metric tons and those of India 
as 62,143 million. This latter figure is relatively 
small compared with that for many other countries ; 
China, for instance, is credited with 1,011,000 million 
metric tons of reserves, but there is clearly sufficient 
coal in India to permit of industrial expansion for 
very many years. 

These valuable and extensive statistics not only 
form a basis for speculation about the possible 
future distribution of industrial activity throughout 
the world, but form, more precisely, a guide to 
present activity in the production or utilisation of 
power-producing agencies. The sources from which 
the information given has been obtained are stated 
but the statistics are not complete and in many 
cases figures of production are stated to be “‘ con- 
fidential.”” This is a matter over which the World 
Power Conference can exercise no authority, but 
the gaps in the tables do not seriously impair their 
value. The compilation has clearly involved a 
very large amount of work and expense. In view 
of its value to various organisations associated with 
the United Nations and to other international 
bodies, it is stated that Unesco has made “a 
generous financial contribution ” towards the cost 
of producing the Statistical Year-Book. As, how- 
ever, Unesco is a body sustained entirely by 
public money, it would appear desirable that the 
amount of the contribution should be stated. 


THE POLLUTION OF THE 
POTOMAC RIVER. 


Tue River Boards which are to be set up in 
England and Wales will take over functions con- 
cerning land drainage, fisheries and river pollution 
now exercised by “catchment boards, fishery 
boards and certain joint boards and joint com- 
mittees of local authorities.” The purpose of the 
River Boards Act, under which the new boards 
are to be constituted, is to enable the drainage and 
pollution problems of a complete river system to be 
handled by a single authority instead of by a 
number of different bodies, some of whom may have 
conflicting aims, or may undertake activities which 
have an unfavourable effect on portions of a river 
lying outside their jurisdiction. An example of a 
secondary effect of this kind was furnished by the 
chlorination of the sewage effluent from the city of 
Coventry, before its discharge to the River Avon. 
The work was undertaken as it was thought that 
the effluent might carry large numbers of bacteria, 
possibly of a pathogenic nature, which might be a 
danger to bathers using the river at points some 
distance below Coventry. The procedure, however, 
h:d to be abandoned as it was found that the 
chlorinated effluents were highly toxic to fish. 

Reconciliation of the varied interests which 
centre on a river system may well prove a matter 
of difficulty and complexity, but it is clear that 
progress towards mutually satisfactory adjustment 
will be greatly facilitated by placing the whole 
stream under the care of a single authority. In 
view of the duties imposed on the boards which 
are now to be set up in this country, interest 
attaches to the procedure which has been followed 
in a campaign designed to increase the clarity of 
the Potomac River, on which stands Washington, 
the capital of the United States. Problems of 
river pollution are not essentially different in kind, 
but in many cases are very different in degree, 
in the United States, from what they are in Great 
Britain. Although much work has been done in 
America on the treatment of industrial waste waters 
and town sewage, many of the rivers are so large 
that highly polluting liquors may be discharged to 
them without creating either dangerous or offensive 
conditions. In some cases, however, systems com- 
parable in magnitude to those found in Great 
Britain lie in highly developed areas and pollution 
problems of importance have arisen, 

The Potomac River and its tributaries form an 
example of this kind. The river, which is 390 miles 
long, rises near the boundary between Maryland 
and West Virginia, flows northward, eastward and 
then southward, and enters Chesapeake Bay some 
70 miles south of Washington. In its course, it 
forms the boundary between Maryland and West 
Virginia, Maryland and Virginia, and Virginia and 
the District of Columbia, in which Washington is 
situated. The river proper does not enter Penn- 
sylvania, but some of its tributaries rise within 
that State, which consequently contributes to the 
pollution. The river acts as the source of water 
supply and receptacle of natural drainage of more 
than 50 towns situated in the basin. Fifteen of 
these are of major size, by far the largest being 
Washington, which, with nearby communities, has 
@ population of over a million, about half of the 
total for the whole river basin. 

As about 1,300,000 people depend on the Potomac 
for their water supply, 600 million gallons being 
extracted daily for domestic and industrial purposes, 
the condition of the river is of prime importance. 
In the case of Washington and most of the towns, 
filtration and chlorination are employed, but much 
raw water is used without treatment for industrial 
purposes. The condition of the river varies con- 
siderably throughout its length. The most grossly 
polluted section is on the north branch, near the 
source, where the river carries acid mine waters 
from abandoned coal mines, industrial wastes and 
untreated town sewage. It is considered that 
remedial treatment alone in this section would not 
result in a satisfactory condition and that it may be 
necessary to provide additional stream flow at 





periods of low water. The most important tributary 





joins it some 50 miles north of Washington. This 
river, 2s a whole, is not seriously polluted, but there 
are some bad sections, particularly one which 
receives the industria] waste from a large rayon 
plant. The waste liquor is treated before discharge, 
but none the less destroys all aquatic life in the river, 
There are other badly-polluted tributaries, and in the 
Shenandoah and other areas considerable increase 
in industrial activity is taking place. One of the 
problems with which the body concerning itself with 
the purity of the Potomac as a whole is faced is 
the location of new industries in situations which 
will provide them with adequate water supplies 
and at the same time will protect the streams against 
harmful pollution. This problem has had to be 
faced many times in this country, particularly in 
connection with the siting of factories and munitions 
works in connection with the recent war. 

As has been the case in Great Britain, authority 
over different sections of the Potomac River system 
is exercised by different bodies, and the individual 
States which are concerned are jealous of their 
autonomy. As long ago as 1907, the United States 
Geological Survey issued a report dealing with the 
pollution of the river, but as so many different admin- 
istrative bodies would have had to be concerned in 
any remedial measures, nothing was done until 
1930, when the Washington Board of Trade inter- 
ested itself in the problem. In 1935, the Special 
Advisory Committee on Water Pollution of the 
National Resources Committee recommended the 


creation of a Potomac River Conservancy District, | 


and, on the initiative of the Washington Board of 
Trade and other bodies, a conference was held in 
1938; this resulted in the formation of the Inter- 
state Commission on the Polomac River Basin. 
Maryland approved the formation of this body in 
1939, other States agreeing in 1940 and 1941, but 
Pen asylvania did not join until 1945. 

The Potomac River Basin Commission is a purely 
advisory body and has no authority either to con- 
struct treatment works for pollution abatement, or 
to instruct any other authority todo so. In spite of 
this limitation of its powers, it is doing valuable 
work. One of its activities, which could only be 
carried out satisfactorily by a body concerned with 
the river as a whole, is an examination of the actual 
state of the major streams lying within the water- 
shed. For this purpose, 53 sampling stations 
have been established. It is only by a compre- 
hensive examination of the river and its tributaries 
throughout their length that a proper evaluation of 
the effect of pollution in one section on others farther 
downstream can be worked out. The information 
obtained is made available to the various State 
river authorities, to municipalities and to industry. 
One result of the creation of the Commission is 
that legislation designed to control polluting 
activities has been introduced or strengthened in all 
the States concerned. 

The River Boards to be set up in Great Britain 
will be made up of representatives of the councils 
of local authorities of riparian areas, together with 
members representing fishing and land-drainage 
interests. They will have more administrative 
authority than has the Potomac River Basin Com- 
mission, but apart from that it is possible that their 
mere existence will stimulate interest in the consi- 
deration of a river system as a whole and will induce 
more ready co-operation by local bodies and indus- 
trialists. This has been the case on the Potomac 
River. An example of the success of the Commis- 
sion’s encouragement of local regional planning is 
furnished by an agreement between the Washington 
Suburban Sanitary District and the District of 
Columbia under which the sewage from the former 
will be treated in the plant of the latter. At 
present, the Suburban District discharges its sewage 
to, and grossly fouls, the Anacostia River. Industry 
has shown much interest in the work of the Com- 
mission, has co-operated in the stream-sampling 
programme, and has asked for assistance in the 
investigation of problems arising in connection with 
the treatment of trade wastes. General assistance 
in connection with the latter has been furnished 
by the publication of a booklet giving instructions 
and information about treatment and disposal 
methods, both for town sewage and the various types 





of the Potomac is the Shenandoah River, which 


of industrial wastes produced in the river basin. 
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NOTES. 


THe Farapay LECTURE OF THE INSTITUTION 
OF ELECTRICAL ENGINEERS. 


THE Faraday Lecture of the Institution of Elec- 
trical Engineers was delivered by Sir Noel Ashbridge 
and Mr. H. Bishop, C.B.E., at the Central Hall, 
Westminster, London, 8.W.1, on Wednesday, 
February 16, the President, Mr. T. G. N. Haldane, 
occupying the chair. The primary object of this 
lecture, which is given annually, not only in London, 
but at a number of centres in the provinces, is to 
increase the interest of the general public in electrical 
matters and to illustrate basic principles by typical 
examples drawn from common practice. This 
year the lecture was on “ Television,” a subject the 
results of which it is perhaps easier for the public 
to appreciate than to understand its underlying 
principles. It is also a subject with which not all 
electrical engineers are closely familiar, while the 
proposed expansion of the British’ Broadcasting 
Corporation’s service, by the completion of the 
Sutton Coldfield station during the present year, is 
an added interest. It is not surprising, therefore, 
that a very large audience assembled to hear what 
Sir Noel Ashbridge had to say. In his introductory 
remarks he pointed out that, owing to the excep- 
tional complexity of the subject, only a broad 
outline could be given; and that in doing this an 
attempt would be made to demonstrate now tele- 
vision had been evolved from the simpler forms of 
communication such as the electric bell, the Morse 
and printing telegraph, and sound broadcasting. 
As was clearly indicated, the complexity of the 
apparatus necessarily increases with the amount of 
detail involved and the speed at which the intelli- 
gence is transmitted. The system of television used 
by the British Broadcasting Corporation was demon- 
strated by employing the latest type of mobile 
outside broadcast equipment to display pictures to 
the audience. This equipment incorporates the 
new low-velocity cathode potential stabiliser, or 
C.P. S camera tubes, the sensitivity of which is 
considerably greater than that of the types hitherto 
used on outside broadcasts. Another feature of 
this equipment is that it is of unit construction and 
comprises three camera channels, which are pro- 
vided with monitoring and fading devices. The 
whole of the apparatus is normally carried on trucks 
from whick it can be unloaded and re-assembled, if 
necessary, in, say, a theatre. During the lecture, 
cameras of this type were used to enable some of 
the demonstrations to be seen on television tubes 
installed among the audience, while the basic 
principles upon which they work and the methods 
by which a picture is reconstructed after trans- 
mission were illustrated by means of models. 


ENGINEERING INDUSTRIES ASSOCIATION. 


At the London Regional Meeting of the Engineer- 
ing Industries Association, on Wednesday, Feb- 
ruary 16, Professor Willis R. Woolrich, chief of the 
scientific office of the American Embassy, London, 
gave an address on ‘‘ Engineering Manufacturing 
Methods as Applied to Small Units of American 
Industry.”” Mr. J. S. Clayton Marshall, chairman 
of the London Regional Committee, was in the chair 
for the meeting and for the lunch which preceded 
it, at the Connaught Rooms, Great Queen-street, 
London, W.C.2. Professor Woolrich commenced 
his address with a comparison of engineering training 
methods in the United States and the United 
Kingdom. In this country, he said, there were 
many technical colleges, but only a few universities 
with engineering faculties, whereas in America the 
opposite was the case. In the United States, they 
were careful to avoid turning out “single-track ”’ 
engineers. An engineer with a bachelor degree 
who went on to his doctor’s degree was required to 
continue academic studies, not only in his chosen 
branch of engineering but in two other branches. 
Men who succeeded in this were valued highly in 
industry. With regard to manufacturing methods 
in small firms, he preferred to say something of 
what was being done in the United States and leave 
his audience to make comparsions with methods 
in the United Kingdom. He was a staunch advocate 
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of motion and method analysis. Every job should 
be ‘‘ broken down”’ into its elemental motions ; 
this would lead to the discovery of easier and 
simpler motions, and would often reveal factors 
which retarded production. He cited the case of a 
decision to move a firm from a six-storey building 
to a single-storey building—a decision which was 
justified solely by the reduction in transport costs. 
In another factory, the danger of boredom had 
been eliminated by dividing the employees, who 
numbered less than 700, into groups ; each member 
of a group could do any job in the group, and at 
intervals every man was moved from job to job. 
Even engineers and pure scientists exchanged jobs. 
In management it was most important for the 
“bottom ” management to know what the “top” 
management wanted. With regard to tools, jigs 
and fixtures, he said that it was customary to pay 
proper attention to their design and provision in 
the first instance, but there should be a periodic 
check to bring them up to date, improve and main- 
tain them. ‘‘ Blood-relatives”’ were often a cause 
of trouble, and in one firm with which he had been 
associated relatives closer than third cousins were 
not allowed. In this country, engineers respected 
history, but in the United States they respected 
productivity. He thought that, in these matters, 
each could learn something from the other. During 
the past 100 years, Professor Woolrich concluded, 
many venturesome and creative young men had 
emigrated from Britain ; he hoped he was not too 
sanguine to expect Britain to produce men at home 
who could match their achievements with those of 
emigrants who were now working in the Dominions 
and the United States. 





THe JAMES CLAYTON PRIZE. 


The Council of the Institution of Mechanical 
Engineers announce that they have awarded the 
1948 James Clayton Prize, of 1,3501., to Mr. Karl 
Baumann, chief mechanical engineer and director 
of Messrs. Metropolitan-Vickers Electrical Company, 
Limited, Manchester, “‘ for his contributions to the 
advancement of mechanical engineering science by 
way of invention, design and investigation.” Mr. 
Baumann has contributed three papers to the 
Proceedings of the Institution, the most recent being 
his Thomas Hawksley Lecture on ‘“ Heat Engines,” 
delivered in London on November 19, 1948, and 
subsequently repeated at several of the branches. 
His previous papers were on “ Considerations affect- 
ing the Future of the Steam Cycle,” read in 1930, 
which received the award of the Thomas Hawksley 
Gold Medal; and “Improvements in Thermal 
Efficiencies with High Steam Pressures and Tem- 
peratures in Non-reheating Plant,” presented in 
1946. The James Clayton Prize consists of a quarter 
of the income deriving from a bequest by the late 
Mr. James Clayton, a former member. The previous 
recipients were Air Commodore Sir Frank Whittle, 
F.R.S., in 1945; Mr. Hayne Constant, F.R.S., and 
Sir Richard Southwell, F.R.S., in 1946; and Mr. 
T. E. Beacham, B.Sc. (Eng.), and Mr. J. E. Sears, 
C.B.E., M.A., in 1947. 


THE Economics oF WELDING. 


In November, 1947, a Committee was appointed 
by the Institute of Welding to prepare a factual 
report upon the savings obtainable by the use of 
welding, instead of riveting, in various forms of 
construction. Six months later, the Institute was 
approached by the Cabinet Materials Committee, 
who were also considering the question, and placed a 
good deal of the information that had been collected 
at the Committee’s disposal. The Institute Com- 
mittee have also prepared a report which is shortly 
to be published in the Transactions of that body. 
The significance of all this work is to be considered 
at a joint conference of the Institute of Welding and 
the British Welding Research Association, which is 
to be held at Ashorne Hall, near Leamington Spa, 
Warwickshire, from Tuesday, March 22, to Friday, 
March 25, inclusive. At this conference, particular 
attention will be paid to welding as an aid to saving 
steel and manpower. At the first meeting, which will 
be held on the evening of the opening day, the Insti- 
tute of Welding Report on “ Economy of Steel and 
Cast Iron by Welding ”’ will be presented by Mr. J. A. 
Dorrat, while on the morning of the following day 





the subject for discussion will be “‘ Machine Tools 
and Welding,” the introductory speakers being Mr. 
F, Kénigsberger and Mr. E. C. Moore. -On the 
afternoon of Wednesday, March 23, “* Welding as 
Applied to Shipbuilding ” will be discussed by Mr. 
H. H. Hagan and Mr. L. Redshaw, while on Thurs- 
day morning, March 24, “ Welding as Applied to 
Railways and Rolling Stock ” will be dealt with by 
Mr. G. Foster, Mr. B. R. Byrne and Mr. N. W. Swin- 
nerton. “ Welding as Applied to General and Con- 
structional Engineering ’’ will form the subject on 
Thursday afternoon, when the opening speakers 
will be Mr. W. 8. Atkins and Mr. S. M. Reisser. A 
rapporteur has been appointed for each subject and 
will summarise the results of the various discussions 
at the closing meeting on Friday morning, March 25. 
It is hoped that at the same meeting it will be pos- 
sible to formulate a statement on the work of the 
Conference. Numerous invitations have already 
been sent out, but those interested in the subject, 
and desiring to attend the Conference, are asked to 
apply to the Secretary of the Institute of Welding 
2, Buckingham Palace-gardens, London, S8.W.1, not 
later than Tuesday, March 1. Copies of the openers’ 
remarks will be available before the meeting. 


INSTITUTE OF METALS METALLURGICAL 
ENGINEERING COMMITTEE. 


The Council of the Institute of Metals have 
appointed a new standing committee, to be known 
as the Metallurgical-Engineering Committee. The 
chairman is Mr. D. F. Campbell, M.A., and the 
terms of reference of the new committee are three- 
fold. In the first place, their aim will be to develop 
interest in metallurgical engineering in the non- 
ferrous metals industry and to promote the study 
of equipment and instruments used in the industrial 
melting, casting, and working of non-ferrous 
materials. Secondly, the new committee will make 
recommendations to the Council of the Institute 
regarding the need for holding special meetings, 
discussions, and conferences, the advisability of 
inviting papers or articles for publication, and the 
desirability of publishing books or other literature 
to attain the objects for which the committee was 
constituted. Finally, the new committee are 
empowered to make suggestions to the appropriate 
standing committees of the Institute in connection 
with the organisation of special meetings or the 
production of publications approved by the Council 
on their recommendation. Further particulars 
regarding the activities of the new committee may 
be obtained on application to the secretary of the 
Institute, 4, Grosvenor-gardens, London, S.W.1. 


Tue BranckER MEMORIAL LECTURE. 


“The Influence of Records on Air Transport ”’ 
was the subject of the 1949 Brancker Memorial 
Lecture, which was given by Major R. H. Mayo, 
O.B.E., before a meeting of the Institute of Trans- 
port, held in London on Monday, February 14. 
After giving a historical review of the air-speed 
record, Major Mayo referred to the difficulties 
encountered with the approach to the sonic barrier. 
The curve for this record, however, was almost a 
straight line, there being no tendency to flatten out, 
and although he did not wish to imply that the 
sonic barrier was a myth, it did appear from the 
curve as if the record had been gathering momentum 
to leap the barrier. Major Mayo then turned to the 
record for the distance covered in a straight line 
and the altitude record. At present, the former 
stood at 11,236 miles, which approached the 
maximum distance between any two points on the 
earth’s surface and was far in excess of any stage 
required in commercial air transport; in military 
aviation, however, such ranges might be required 
for long return flights. The altitude record was 
held by the free balloon, but he thought it was 
almost certain that, eventually, this would be beaten 
by a heavier-than-air machine. At present, the 
record for this class of machine stood at 59,500 ft., 
and it was noteworthy that this altitude was attained 
by a standard aircraft. The influence of records on 
design was illustrated by reference to the air-speed 
record, particularly the period of the Schneider 
Trophy contests, during which the contest and the 
speed record became inseparable. Although these 
contests ceased in 1931, the influence of this intensive 
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period had a profound effect on design. The Super- 
marine S6B, which won the 1931 contest, led, 
more or less directly, to the Supermarine Spitfire 
and, collaterally, the Hawker Hurricane, and it was 
extremely doubtful whether we should have had 
these fighters if our Schneider Trophy efforts had 
ceased in 1929. Another example was furnished by 
the England-Australia race of 1934. This was won 
by the de Havilland Comet, the design of which 
introduced new ideas in wooden construction. This 
led directly to the Albatross air liner, which set a 
new standard of speed on the London-Paris route, 
and eventually to the Mosquito, one of the outstand- 
ing successes of the war period. Major Mayo then 
referred to practical performance in relation to 
contemporary record standards and showed that 
cruising speeds of modern transport aircraft had 
been rising steadily towards the half-record standard 
and he was of the opinion that the half-record 
cruising speed would be reached about eight years 
hence. When the Saunders-Roe SR/45 flying boats 
came into service, they would have a cruising speed 
of 380 miles an hour, almost exactly half the speed 
of sound at sea level ; it remained to be seen what 
the air-speed record would be at that time. In 
conclusion, Major Mayo dealt with the effect of 
records on national prestige, which, perhaps, was the 
most important effect of all, and he hoped that the 
Government would give material assistance by allow- 
ing free use of their technical services for all worth- 
while record attempts. 


THe ELEctricaL RESEARCH ASSOCIATION. 


The annual general meeting and luncheon of the 
Electrical Research Association was held at the 
Connaught Rooms, Great Queen-street, London, 
W.C.2, on Friday, February 11, under the chairman- 
ship of Mr. R. Lee, who had acted as chairman of 
the E.R.A. Council since the death of Mr. J. R. 
Cowie in August, 1948. It was announced that Sir 
Vincent Z. de Ferranti had been elected president 
of the E.R.A. for the 1949-50 period, and that Mr. 
Lee would continue to serve as chairman of the 
Council. At the previous luncheon, Lord Citrine, 
chairman of the British Electricity Authority, had 
emphasised that the B.E.A., in supporting a policy 
of systematic and specific research, would for the 
time being, guarantee to the E.R.A. an income 
which was equivalent to that received from members 
of the electrical-supply industry before national 
ownership. During the past year, discussions were 
continued on the question of a more permanent 
arrangement, and the general position regarding the 
Association’s income. The annual report states 
that Area Boards, as well as the Central Authority, 
were being regarded as members pending the com- 
pletion of certain formalities, and that agreement in 
principle had been reached about necessary changes 
in the constitution of the E.R.A. Council. New 
Articles of Association have been prepared also to 
meet the new conditions, but capital expenditure, 
such as that needed for new laboratories at Leather- 
head, must, apparently, be deferred until questions 
of income have been settled. The principal guest 
at the luncheon was the Minister of Fuel and 
Power, the Rt. Hon. Hugh Gaitskell, M.P., who, in 
proposing the toast of the E.R.A., also congratu- 
lated the B.E.A. for reducing the plant out of 
service from 15 per cent. in January, 1948, to 11 per 
cent. in January, 1949 ; he also stressed the import- 
ance of research into methods of controlling the peak 
demand, and referred to the possibility of using the 
gas turbine for generating electrical power econo- 
mivrally. The following have been elected, or re- 
elected, to the Council: Mr. H. Astbury, Mr. F. H. 
Bramwell, Mr. H. F. Carpenter, Mr. B. G. Churcher, 
Mr. A. R. Cooper, Sir John Dalton, Mr. J. Eccles, 
Mr. N. R. Elliot, Sir John Hacking, Mr. F. W. 
Lawton, Mr. C. T. Melling, Mr. H. H. Mullens, 
Mr. H. Nimmo, Mr. J. S. Pickles, Mr. T. M. H. 
Stubbs, Mr. F. C. Winfield and Lt.-Col. E. H. E. 
Woodward. 


CRAFTSMAN’S CERTIFICATE FOR Too. MAKERS. 


The Gauge and Tool Makers’ Association, as the 
representative organisation of what they claim to 
be “ one of the few trades which still demand a very 
high standard of individual craftsmanship,” have 
decided to award to suitably qualified apprentices, 





employed by their 200 member firms, a Craftsman’s 
Certificate signed by the President, chairman and 
secretary of the Association, and bearing the 
Association’s seal. ‘“‘ It is felt,” they state, ‘‘ that 
a considerable number of apprentices who follow 
courses of technical education are more interested 
in becoming highly skilled craftsmen in their trade 
than in absorbing matters which relate purely to 
design, planning and administration; and it is 
hoped that . . . the G.T.M.A. Craftsman’s Certifi- 
cate will provide an incentive to this type of youth 
compatible with the National Certificates now 
awarded for the more technical courses of study.” 
Applications for the award must be made on a form 
obtainable from the Association’s offices, Stand- 
brook House, Old Bond-street, London, W.1. In 
addition to the apprenticeship requirements, candi- 
dates must have passed the final examination of the 
City and Guilds Institute course in Machine-Shop 
Engineering (Machinists’, Turners’ and Fitters’ 
Work). Specimen copies of the certificate were on 
view at the quarterly luncheon of the Association, 
held in London on February 15 under the chairman- 
ship of the President (Mr. F. W. Halliwell, 
M.I.Mech.E.). The principal guest was Mr. E. H. 
Gilpin, leader of the recent Engineering Mission to 
Canada, whose speech, on the work and purpose of 
the Mission, is reproduced on page 163. 


INDUSTRIAL APPRENTICESHIP IN AMERICA. 


In an article on ‘“ Industrial Apprenticeship ” 
which appeared in our issue of December 26, 1947, 
some information was given about the apprentice- 
training service of the United States Department of 
Labor. Under an Act of Congress, passed in 1937, 
the Bureau of Apprenticeship of the Department of 
Labor was set up. Its function is to co-operate with 
“labour and industry to provide a steady flow of 
trained, skilled workmen for industrial plants in the 
United States.” Some particulars about the present 
operation of the service have been furnished by the 
American Embassy. The Bureau sets up standards 
and policies to guide industrial firms in the employ- 
ment and training of apprentices, and works in 
conjunction with advisory committees, consisting 
of representatives of labour and management, and 
with the United States Office of Education. The 
agreed basic standards are that an apprenticeship 
must cover 4,000, or more, hours of work and that 
a schedule of the course of instruction to be followed 
must be drawn up; a progressively-increasing scale 
of wages must be adopted, such that the average 
rate throughout the apprenticeship is 50 per cent. 
of a journeyman’s rate ; provision must be made for 
classroom instruction, usually to the extent of 
144 hours a year; an apprentice shall be at least 
16 years of age; and a written agreement must be 
registered with a State Apprenticeship Council. 
The service has made remarkable progress in recent 
years ; in July, 1948, there were 221,744 registered 
apprentices, which represents an increase of 75 per 
cept. over July, 1947, when there were 149,681. 
The total in 1948 was ten times that of August, 
1945, at the end of the war. This great increase is 
clearly due to the release of men from the armed 
forces; at the present time 90 per cent. of the 
apprentices are ex-service men. The proportion, 
however, is decreasing. “ Veterans” as they are 
termed in the United States, if unmarriea, receive a 
subsistence allowance of 65 dols. a month during 
apprenticeship and 90 dols. if with dependants. 
Subsistence allowance plus earned income may not 
exceed, 210 dols. a month for an unmarried man ; 
270 dols. a month for one with one dependant ; and 
290 dols. a month for one with more than one 
dependant. The national apprenticeship programme 
had been in operation for only a few years when the 
outbreak of war necessitated the withdrawal of 
large numbers of men from industry, juss at the 
time when a great increase in production, particu- 
larly in the field of engineering, was called for. The 
difficulty of the situation was accentuated by the 
fact that the trade depression, which set in in 1930, 
had resulted in curtailment of production with a 
consequent drop in employment and in the training 
of new workmen. Restricted immigration after the 
first-world war had also cut off a source of skilled 
labour. The s:tuation was dealt with by breaking 








operations which could be undertaken by unskilled, 
or semi-skilled, workpeople after a short course of 
training; the method is familiar in this country. 
It is realised, however, that this emergency proce- 
dure did not produce a supply of the thoroughly. 
trained skilled workmen who form an essential 
element in modern industrial activity and the 
purpose of the apprentice-training programme is to 
ensure that the industries of the United States 
shall have at their disposal an adequate supply of 
properly-trained workpeople. 





LETTERS TO THE EDITOR. 


THE FAIRMILE MARINE COMPANY, 
LIMITED. 


To THe Eprror oF ENGINEERING. 


Sm,—With reference to the letter dated January 
25, 1949, from the Fairmile Construction Company, 
Limited, published in your issue of February 4, on 
page 112, it is necessary to correct the impression 
which may have been conveyed that there are very 
few craft still to be disposed of by the Admiralty. 
There are some 700 craft on the books at present, 
and more craft continue to be declared redundant 
from time to time. I shall be glad therefore if you 
will accord the same publicity to this letter as was 
accorded to that of the Fairmile Construction Co., 
Ltd., so that sales of surplus Government small 
craft may not be prejudiced. All inquiries for small 
craft should be addressed to The Director of Navy 
Contracts (Small Craft Disposals), Admiralty Offices, 
Foxhill, Combe Down, Bath. 


I am, Sir, 
Yours faithfully, 
S. STangEs, 
For Director of Navy Contracts. 
Admiralty (Contract Dept.), 


Foxhill, Bath. 
February 11, 1949. 





HEAVY-OIL ENGINE WORKING 
COSTS. 


To THe Eprror oF ENGINEERING. 


Str,—The leading article on page 85, ante, in 
your issue dated January 28, respecting the Diesel 
Engine Users Association’s report on the above, 
indicates that you consider the report worthy of 
careful attention. I would, however, like to make 
the following observations upon the article, which 
I think require emphasis in order that any prospec- 
tive contributors may not be deterred by the 
suggestion that the task of completing the question- 
naire is very onerous. 

You mention that the questionnaire is of a some- 
what complex nature, and requires special calcula- 
tions to be made for its completion. The Working 
Costs Committee have long been aware that the 
number of questions asked seemed rather formidable 
and, therefore, the questionnaire in circulation for 
the next report has been considerably simplified. 
The information now asked for consists of little 
more than that readily obtainable from the records 
usually kept by undertakings, and practically all 
calculations are made by the Association. Calcu- 
lations required to be made by the contributor are, 
in fact, almost negligible. 

Your statement that the tabled averages of the 
operating costs have been “‘ weighted ”’ is incorrect. 
Each undertaking which returns an incomplete 
questionnaire is marked with an asterisk, and a 
note at the bottom of each table clearly states 
that the average costs are calculated only from those 
undertakings which have submitted complete 
details. 

Yours faithfully, 
C. GREEN, 
Chairman, Working Costs Committee, 
The Dies2] Engine Users Association. 


56, Victoria-street, 
Weatminster, S.W.1. 





down industrial processes into a number of simple 


February 15, 1949. 
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END-FORM GRINDING MACHINE. 


MESSRS. ARTHUR SCRIVENER, LIMITED, BIRMINGHAM. 


END-FORM GRINDING MACHINE. 


We have received from Messrs. Arthur Scrivener, 
Limited, Tyburn-road, Birmingham, particulars of an 
unusual form of grinding machine. It has been 
designed to grind the ends of components to a form 
which could not be produced on a normal centreless- 
grinder. Components of this type include gramo- 
phone spindles (the bearing end), certain types of 
gramophone and other needles, bicycle bottom-bracket 
axle ends, textile carding pins, and, in fact, any com- 
ponent with an end the form of which is between a 
convex shape and a — cone. The machine shown 
in the accompanying illustration, which is similar 
to a number supplied to the British bicycle industry, 
is set up for grinding the convex ends of bottom- 
bracket axle ends, although the workpieces are not 
visible. 

The principle of the machine is a variation of the 
normal centreless-grinding arrangement; whereas in 
the latter case the part to be ground is held between the 

inding wheel and a control wheel, in the new machine 
it is held between the control wheel and several rollers 
on a rotating work carrier, while the grinding wheel 
operates to one side of the carrier. In the illustration, 
the grinding wheel can be seen protruding from its 
housing, whfth is on the left-hand side. The small 
abrasive control wheel is visible in the centre, and the 
work carrier, largely hidden by its shrouding and a 
chute, is rotated slowly about an axis parallel to that 
of the grinding wheel. The carrier incorporates a 
number of rollers (several can be seen at the top of the 
chute), the rollers being mounted on radial spindles 
so that each workpiece can rest between a pair of rollers 
and be rotated under the action of the control wheel. 

The cycle of operations is automatic. Each work- 
piece is.fed into the carrier down a small chute on the 
right-hand side. It enters the carrier radially, and is 
carried round slowly, in a clockwise direction, through 
180 deg. to the grinding wheei, to which its end is 
presented. The control wheel, pressed towards the 
carrier by a spring, bears on the workpiece just before 
it comes into contact with the grinding wheel and 
rotates the workpiece during the time it is moving 
past the wheel. On reaching the highest position in 
the carrier, the workpiece is ejected by a cam, and 
falls down the large chute. The grinding wheel is 
dressed to the requisite profile, in this case a concave 
groove of the appropriate radius, by a standard form- 
truing attachment, situated at the rear of the wheel 
and controlled by a former. For other profiles there 
are available alternative dressing devices, such as 
radius-truing attachments, overhead crush-forming 
attachments, or combinations of these. The feeding 
chute is fitted with members to arrest a workpiece 
which has been wrongly inserted, and it is provided 


with an end gate which lifts to it the passage 
of a single workpiece at a time. e rate of grinding 
bottom-bracket axles on the machine illustrated is 


1,800 ends per hour, which is considerably more econo- 
mical than the old method of hand grinding. 





IRON AND STEEL INSTITUTE ENGINEERS’ GROUP.— 
At a joint meeting of the Iron and Steel Institute Engi- 
neers’ Group and the West Cumberland Society of Chemists 
and Engineers, to be held at Workington Technical College, 
at 7 p.m., on Friday, February 25, Mr. 8S. G. Coade will 
speak on blast-furnace design in the United States. 











CAVITY PARTY WALLS FOR 
SOUND INSULATION. 


Tue Housing Manual of the Ministries of Health 
and Works, which was published by H.M. Stationery 
Office in 1944, states that when living rooms of different 
houses are adjacent on a party wall, the average sound 
reduction provided by the wall should be at least 
55 decibels. An ordinary 9-in. solid wall provides an 
average sound reduction of about 48 decibels. As 
pointed out in Monthly Digest No. 2, of the Building 
Research Station, Garston, Watford, for January, 1949, 
cavity construction is, therefore, necessary to meet the 
new standard of sound insulation. It is not so widely 
known, however, that the advantages gained by using 
a cavity can be entirely lost by wrong treatment of 
the chimneys in the party wall and of the windows and 
doors in the external wall. Some ways of handling 
these parts, which experience has shown are satisfactory 
for ordinary building purposes, are therefore described 
in the Digest. 

Cavity party walls are usually built with the two 
leaves separated by a 2-in. cavity and joined by wall 
ties. Of the materials in common use, a thickness of 
brickwork of 4} in. in each leaf will provide the recom- 
mended insulation, while 4 in. of dense concrete, 4 in. 
of hollow clay blocks, and 3 in. of lightweight concrete 
will give the same results. Brickwork is probably the 
most common to-day, although foamed slag or clinker 
blocks are being used increasingly for the internal leaf 
of external walls in order to get better heat insulation, 
and the party wall is then likely to be similar. In 
districts where clinker blocks of satisfactory quality 
are readily available, a party wall built of them in two 
3-in. thicknesses may be cheaper than ordinary 9-in 
brickwork ; and since it has adequate fire resistance and 
can give the required sound insulation, it seems likely 
that it will become a fairly standard construction. 
Care should be taken not to bridge the cavity by mortar 
squeezed out from the joints, or by excessive droppings. 
If wall ties are thought to be desirable for stability, they 
should be no more numerous nor robust than is strictly 
necessary, because they may transmit too much sound. 
The British Standard wire wall-tie of 9 s.w.g. galvanised 
steel wire (B.S. 1243) should be used in preference to 
the heavier twisted strip metal, and it is suggested that 
they should be spaced no more frequently than 3 ft. in 
each direction—i.e., using half the number of ties com- 
mon for outside walls. This should give ample stability. 

The vibration of one leaf of the wall can be trans- 
mitted to the other if both are fixed firmly to a common 
base. To avoid this, a “‘ sound-proof course” should 
be inserted at the bottom of each leaf of the party wall 
to prevent its vibration reaching the foundation con- 
crete, and thus getting into the other leaf. By a 
happy coincidence it appears that ordinary bitumen 
damp-proof course felt is sufficient for the purpose, 
and since a damp course is required in this position, 
the sound insulation requirement involves nothing new. 
Where a damp-proof course of the type normally 
rigidly built into the wall, e.g., slate or engineering 
bricks, is used on the inner leaf of adjacent external 
walls, a layer of bitumen felt should be inserted over this 
damp-proof course for several feet along from the party 
wall in order to avoid the indirect transmission of 
vibration. 

Where the floor of the living room is a solid slab in 
contact with the ground and is continuous under the 


party wall to the living room in the next house, some 
risk exists of indirect transmission of sound along it. 
The risk does not seem great, however, because the 
vibrations are damped by contact between the concrete 
and ground, and it can probably be neglected if other 
details are good. Yet treatment is quite simple and it 
is desirable to introduce it where it is convenient. It 
merely involves leaving a small gap in the site concrete 
along the line of the party wall, or leaving in a strip of 
damp-course felt to break the continuity. Absorbent 
quilts are sometimes incorporated in the cavity between 
the two leaves of a wall in order to improve the sound 
insulation. The improvement obtained with such a 
quilt depends to a great extent on the material used 
in the two leaves of the cavity wall. With walls built 
of brick, hollow clay blocks and dense concrete, the 
incorporation of quilts adds appreciably to the sound 
insulation, but with walls of clinker or foamed slag, 
which are themselves good sound absorbents, little or 
no improvement is obtained. It is probably sufficient 
to cover the area of half the wall. 

In planning, it is best for the purpose of insulation 

to arrange for the first floor joists to run parallel to the 
sy wall. If this is not possible it is probably best 
or the joists to be supported by non-inflammable 
hangers. Joists should not be run right through the 
party wall, as this would damage the sound insulation 
properties of the construction and also add to the 
fire hazard. Where a chimney breast and flue are 
incorporated in the party wall, it is recommended that 
two entirely independent breasts should be built with 
the cavity separating them from the ground level up 
to above the top-floor ceiling. Where the flues of the 
two houses are brought together to form a single stack, 
an asbestos sound-proof course is inserted just below 
the point where the flues join to prevent vibrations 
passing from one leaf of the wall to the other 
by this connection. The sound-proof course should 
be continued at the same level on each side of the 
chimney breast to the ends of the party wall, but the 
material used outside the actual chimney can be 
ordinary bitumen damp-course felt, if this is cheaper 
than the asbestos. The party wall can be changed 
to a 9-in. solid wall above the sound-proof course. 

If the inner leaf of the external wall of each house 
is bonded solidly and firmly to the outer leaf, as, for 
instance, by brickwork round a window opening, or 
by a common concrete lintel, then an indirect path for 
vibrations will be formed. Sound will pass at this 

int from the inner leaf of one house into the outer 

eaf, then along the outer leaf past the party wall, 
and back into the inner leaf of the neighbouring house 
by the same connections round the window. An 
indirect path of this kind can be so effective in trans- 
mitting sound that it is essential to use correct details 
round the window or door openings which are near the 
party wall, and the nearer they are the more important 
it is to treat them correctly. Connections formed 
round doors or windows at distances greater than 
10 ft. from the party wall are probably relatively 
unimportant since the indirect paths formed would be 
too long. Good details, however, are so simple that 
they can be used round all openings and generally 
standardised. The essential point is not to make the 
connection between the leaves too rigid. With wood 
windows an easy arrangement is simply to use the 
frame itself to close the cavity. Another successful 
and cheap way, devised by a local authority, is to tack 
bitumen felt to the wood frame and turn it back 
beside the outer leaf to form a damp-proof course. 
The same authority has also done this work with 
metal windows by trapping the damp-proof course 
material in the frame when bolting on the fixing lugs. 
The cavity may also be merely closed by plaster on 
metal lath or on slate. All these methods should be 
adequately stable without being so robust as to trans- 
mit too much vibration. Tile or wood sills are similarly 
acceptable. 

The lintel is sometimes awkward. If the inner and 
outer leaves have separate lintels, no trouble arises, 
but it is common practice to-day to use a precast 
concrete lintel with a projecting leg along the bottom 
to carry the outer leaf, and this can link the two leaves 
much too rigidly for good sound insulation. This 
difficulty is easily overcome by using a bitumen felt 
damp-proof course as a sound-proof course where the 
outer leaf sits on the projecting leg of the lintel, but 
the damp-proof course felt should be turned down 
around the ends of the lintel here, so that there is no 
brick-to-concrete bond at all between lintel and the 
outer leaf. 





ARTIFICER APPRENTICES IN THE ROYAL Navy.—The 
Admiralty announce that the upper age limit forentry into 
the Navy as artificer apprentice has been raised from 16 
years and 4 months to 16 years and 8 months, commenc- 
ing with the September 1949 entry, the educational 
examination for which takes place in June next. Further 
particulars concerning this entry may be obtained from 





the secretary of the Admiralty, N. Branch, London, 
8.W.1. . 
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‘NEW TRUNK ROAD IN SOUTH 
WALES. 


Iy our issue of December 31, 1948, on page 639, we 
gave some particulars of the new trunk road and 
ancillary works between Briton Ferry and Swansea, 
for which a scheme had been prepared by the Ministr 
of Transport in conjunction with Messrs. Rendel, 
Palmer and Tritton, the consulting engineers, and 
Sir Percy Thomas, the consulting architect, to assist 
the South Wales Development Area by shortening the 
journey between Cardiff and Swansea. It will be 
seen from the accompanying outline map that the new 
road—the construction of which was inaugurated by 
Mr. Alfred Barnes, M.P., the Minister of Transport, on 
Wednesday of this week—will by-pass Neath and 
provide a direct route between Briton Ferry and the 
docks at Swansea. On this map, the new road, from 
Briton Ferry to Earlswood, is indicated by a full line. 
The existing roads are shown by chain lines, and a 
dotted line represents the road through Jersey Marine 
to Earlswood, now under construction by the Glamorgan 
County Council. There will be a traffic roundabout at 
Earlswood and another at Briton Ferry. ll steel- 
work on the bridge span and viaducts will be given a 
sprayed-metal coating which is expected to reduce 
maintenance cos‘s considerably. 

Hitherto, practically all the heavy road traffic from 
Cardiff to Swansea has through Bridgend and 
Aberavon to Brit n Ferry, north to Neath and westward 
through Skewen and Llansamlet to Morriston, and then 
southward down the valley of the River Tawe, now an 
industrial suburb of Swansea. There is an alternative 
route, through Pontypridd and Aberdare to Neath, 
and so to Swansea, but it is somewhat tortuous, though 
not greatly different in length, and is not much used 
by through traffic; the volume of which, in the 
approach to Swansea, has been increased largely in 
recent years by the progressive industrialisation along 
the eastern shore of Swansea Bay. Further develop- 
ments that are in hand, in and near the Swansea 
district, may be ex to add considerably to the 
volume of traffic using the road and the consequent 
congestion in Neath, Skewen, Morriston and Swansea 
itself; in all of which areas the traffic flow is impeded 
in various places by sharp turns, bridges, and other 
checks which are not noticeable on a map. 

The main particulars of the new road were given in 
our previous reference to the scheme and need not be 
repeated at length. It will diverge from the existing 
road at Briton Ferry and connect with the new road 
from Swansea docks to Jersey Marine, which the 
Glamorgan County Council have now nearly completed. 
The effect will be to shorten the distance by road 
between Briton Ferry and Swansea by six miles—half of 
the present distance. The road will be carried across 
the River Neath and the adjacent canal by a viaduct of 
16 spans, including a high-level bridge span over the 
waterway, 90 ft. above high-water level and 300 ft. 
long. The contractors, the Cleveland Bridge and 
Engineering Company, Limited, of Darlington, expect 
to complete the work in about 2} years. 

Following the inauguration ceremony, Mr. Barnes 
indicated something of the road plans under considera- 
tion by his Ministry, in the course of his speech at a 
luncheon given in Neath by the Roads and Bridges 
Committee of the Glamorgan County Council. Assum- 
ing that the Minister of Transport was given by Parlia- 
ment the power sought in the Special Roads Bill, it 
was his intention to use them liberally in the develop- 
ment areas. The programme that he had planned for 
South Wales included, in addition to the completion 
of the Neath by-pass, a possible eastward extension to 
by-pass the congested industrial district of Port 
Talbot ; new roads or reconstructions of existing 
roads to improve transport facilities between the 
South Wales ports and the Midlands, and between 
Cardiff and Merthyr Tydfil; and a connecting road 
between the Abergavenny and Cardiff roads, to the 
east of Merthyr Tydfil, on which work would begin 
in the present year. The complete programme, Mr. 
Barnes hoped, would contribute materially to the 
prosperity of South Wales. 





EXHIBITION OF KELVIN INSTRUMENTS, EDINBURGH.— 
Some sixty examples of original instruments designed by 
Sit William Thomson (afterwards Lord Kelvin) are 
now being exhibited at the Royal Scottish Museum, Edin- 
burgh, 1. The exhibition will remain open until March 18. 
These constitute a representative display of the more 
important inventions by Lord Kelvin, particularly in the 
realms of electricity and navigation. Of special interest 
are a uumber of historical instruments associated with 
the Atlantic cables of 1857 and 1866. Several of the 
instruments have been set to work, including an early 
syphon recorder which takes messages from deep-sea 
cables on a moving tape. During the course of the 
exhibition a sound film, “ Kelvin, Master of Measure- 
ment,” is being shown. 





TRUNK ROAD NEAR 


ae Sp 





NEATH, GLAMORGAN. 












, 7 
sa, LLANSAMLET NEATH ABBEY //f- 
Fo, Te a aE, 
/ Phe niante ay Vi / 
Hd 
’ 
ae 
/ )z 
f ye 
\ f§ 
SWANSEA' {| > 
pe = JERSEY | 
A" a oF ite — 
LL JS ee OOK, CS x 
i 
Uff KING'S - 
Zp) OOCK ~ 
= ~~ SWANSEA 
(0487) ee 











CULTIVATION OF LINSEED IN 
AUSTRALIA. 


Many industries have been founded in Australia as a 
result of the failure or curtailment of imported supplies 
during or immediately after a war, or through other 
abnormal circumstances, and it was owing to a post-war 
shortage of linseed oil for paint manufacture and to 
increasing demands for oil cake for use as stock and 
poultry food, that the Commonwealth embarked 
upon the cultivation of linseed. In former years, the 
demand for the product was satisfied by imports from 
South America and from India, but, latterly, the 
quantities obtained from these sources have proved 
insufficient and, moreover, there was no certainty 
that future supplies could be maintained. After a 
thorough study of the question, it was felt that all 
technical problems connected with the growing and 
harvesting of linseed in Australia could be surmounted, 
but there remained one economic difficulty. If the 
new crop were to be successful it was important that 
it should be grown by skilled and experienced farmers 
who, it must be admitted, have little incentive to 
change over from crops which are profitable to other, 
experimental, crops which might not pay. It was 
clear, therefore, that if linseed crops were to be grown 
in Australia, under favourable conditions, a guaranteed 
price would have to be paid to farmers during the 
initial experimental period, which might extend over 
several years. In a brief statement on the subject, 
issued by the Australian Trade Commissionerin London, 
Australia House, Strand, W.C.2, it is stated that such 
a guaranteed price was offered by Messrs. Meggitt 
Limited, an Australian company consuming large 
quantities of linseed. The Federal Government 
obtained the necessary seeds, and quantities of these 
were supplied by Messrs. Meggitt to growers, free of 
cost, on condition that the company had first claim 
on the harvest. The guaranteed price was 40l. 
(Australian) a ton. 

Linseed of the ‘‘ Walsh” variety was chosen, and 
it was decided to spread cultivation over various parts 
of the country. The initial supply of seed was limited, 
and, in 1947, the first season of the venture, only 1,859 
acres could be sown. The results were so encouraging, 
however, that it was possible to pay growers more 
than the guaranteed price. They received 681. a ton 
for pure seed having an oil content of 40 per cent., with 
adjustments for seed of higher or lower oil content. 
The whole of the crop was reserved for sowing the next 
season and the area sown was increased to 19,170 acres 
in 1948. The cropping area was spread over five states, 
namely, New South Wales, 7,844 acres; Queensland, 
5,308 acres; Victoria, 4,173 acres; South Australia, 
1,521 acres; and Tasmania, 324 acres. The 1948 
crop made excellent progress until the late spring, 
when the appearance of a parasitic caterpillar called the 
**climbing cut worm,” threatened to cause serious 
losses in Queensland, New South Wales and South 
Australia. This caterpillar attacks the linseed by boring 
into the immature seed pods and eating out the seed. 
The infestation was widespread, and speedy action was 
necessary. Aircraft were employed to dust the crop 
with a 5 per cent. D.D.T. insecticide, the consumption 
of which was 15 lb. an acre, and the treatment proved 
highly successful. The harvest for 1948 amounted to 


ing a 40 per cent. oil content was raised from 681. to 82i. 
a ton. 

The whole of the seed from the 1948 crop has again 
been reserved to increase further the 1949 acreage. 
To satisfy the requirements of the Australian market 
it will be necessary to cultivate an area of between 
500,000 and 600,000 acres of linseed a year and it is 
pointed out that, if the progress made in the last two 
seasons can be maintained, this objective should be 
reached in 1951. This estimate is based on the yield 
in 1947, when the best plants gave a crop of 214 bushels 
an acre, and the average for the whole area cultivated 
was 9-6 bushels an acre. The results of the 1948 
harvest are not yet completely available, but it is 
thought that they should be at least as good as those 
for 1947. If the 1951 objective of 600,000 acres ix 
reached, linseed will have become an important 
Australian crop and will obviously encroach on land 
yielding other crops. The extension of linseed culti- 
vation, however, will be encouraged by the fact that 
growers have found it an excellent crop to sow in 
rotation with others. Moreover, it can be sown and 
harvested with machinery used for wheat, so that wheat 
farmers can produce linseed without having to incur 
heavy expenses for new equipment. The new venture, 
therefore, appears to have overcome the two most 
difficult problems encountered at the outset. In the 
first place it has been proved that the crop can be 
grown successfully in Australia, and, secondly, the 
active interest of farmers has been awakened. It 
now remains to build up supplies of seed for the culti- 
vation of greater acreages until the industry is able to 
maintain a regular supply for future sowings and also 
to satisfy the growing demand for seed for the produc- 
tion of oil for the paint and other industries. 





FRACTIONATING TOWER FILM.—A film illustrating the 
construction and transport of a 100-ft. long fractionating 
tower which was built by Messrs. G. A. Harvey and 
Company (London), Limited, S.E.7, and erected at 
Punta Cardon, Venezuela, South America, was shown 
at the British Council Film Theatre, at 6, Hanover-street, 
London, W.1, on Thursday, February 3. The tower 
was made to the order of Messrs. Lummus Company of 
New York, for their clients, the Shell Petroleum Com- 
pany, Limited, The film, which may be borrowed 
from the Shell Film Unit, shows various stages in the 
construction of the tower, illustrates its overland and 
overseas transport and final erection. 





NEW ELECTRICAL INSTRUMENT FACTORY AT 
HOUGHTON-LE-SPRING.—A branch factory has been 
opened at Houghton-le-Spring, Co. Durham, by Messrs. 
Everett, Edgcumbe end Company, Limited, Colindale 
Works, Hendon, London, N.W.9. This factory will 
initially be used for the manufacture of miniature syn- 
chronous motors, process timing devices, synchronous 
clocks and chart drives for graphic instruments. It is 
under the management of Mr. C. Leney, who was pre- 
viously in charge of the instrument shop at Colindale. 
Certain key-workers have also been moved to Houghton, 
but in the main local labour is being employed. Adminis- 
trative, sales and purchasing will continue to be cen- 
tralised at the Colindale works, where all inquiries should 





3,400 tons and the price paid to growers for linseed hav- 
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RUBBER-PROCESSING MACHINERY. 


[x a paper entitled “Rubber Machinery and Its 
Uses,” which was read before the Manchester Associa- 
tion of Engineers on Friday, February 11, Mr. E. Foy de- 
scribed the processing of rubber imported into this coun- 
try, and some typical machines used for the purpose. 
The rubber is received in bales, each weighing about 
220 lb. and consisting of a number of sheets pressed 
together. It is first rendered into a plastic state, when 
fillers, vuleanising agents, colouring materials, etc., are 
added to produce rubber compound from which finished 
articles are made. Fillers include powdered chalk, 
china-clay, carbon-black, powdered stone, ground cork 
and wood-flour; they are principally “ bulking” 
agents. The vulcanising agent is mainly sulphur, but 
other chemicals are added in small quantities to reduce 
the time required for vulcanising the rubber under 
pressure and heat. 

The bales are first cut into slices of suitable size and 
shape for subsequent processes. Bale-cutting machines 
are either hydraulically or mechanically driven. In 
hydraulic cutters, the bale is pressed against a sta- 
tionary knife, and in mechanical cutters the knife 
is pulled down on to the bale. The rubber, which is 
often very hard at this stage, is prepared for mixing 
in a “‘ breaker”’ or “cracker”; it is passed between 
helically-grooved rolls running at different speeds, 
emerging as a partly-softened corrugated sheet, The 
mixing machine also has rolls which are, however, 
smooth. The front roll runs at a peripheral speed of 
about 60 ft. to 65 ft. per minute, and the back roll at 
85 ft. to 90 ft. per minute. The rubber is 
through several times, until it forms a fairly-hot soft 
plastic mass round the front roll. The powders are 
then added, so that they amalgamate with the rubber 
to form a putty-like compound, which the operator 
cuts into small sheets or slabs, removes, and dusts 
with chalk. The rolls of the mixing machine are water- 
cooled to maintain a temperature of approximately 
180 deg. F., thus preventing vulcanisation, which is 
not desired at this stage. The mixing process can also 
be carried out in an “internal mixer,” in which the 
rotors are enclosed, and are provided with “ nogs” 
or buttresses, which ensure thorough mixing. In this 
case the rubber must be passed afterwards through a 
two-roll sheeting mill, but the internal mixer com- 
pletes the process in one-third of the time required 
with an ordinary mixing machine—10 to 12 minutes 
instead of 30 to 36 minutes. 

The processing now depends on the nature of the 
finished product ; a few typical cases are described. 
A calender is used for producing sheeting and rubber- 
coated fabrics. It consists of three rolls with their 
axes in a vertical plane, the top and bottom rolls being 
adjustable for height. The rolls can be run either at 
the same speed, for producing sheeting, or at different 
speeds, for filling fabrics. The machine is driven by a 
variable-speed direct-current motor, to give peripheral 
speeds of fr6m 10 yards to 50 yards per minute. A 
motor of 150 h.p. is required to drive a three-roll 
calender with rolls 66 in. in length and 28 in. in 
diameter. Rubber tubing and various sections are 
produced by extrusion through dies. On emerging, 
the rubber is either chalked or water-cooled. Extruding 
machines may be used for covering electric wire ; the 
wire is fed through a nozzle, where it receives the 
rubber coating, and, after being water-cooled, it is 
wound on to a drum ready for vulcanising. Hydraulic 
presses are used for moulding a wide variety of rubber 
articles. A medium-size press can exert a force of 
350 tons; it has eight openings for moulds, and each 
plate is steam-heated. Up to recent years, it has been 
usual practice to vulcanise conveyor belting in hy- 
draulic presses, the steam plates of which may be 
32 ft. 6 in. long by 7 ft. wide. The press is operated 
by multiple rams giving a total load of 7,000 tons, 
which is equivalent to a platten pressure of about 
500 Ib. per square inch. The press is closed by water 
at 150 lb. per square inch, and squeezing is done by 
water at 2,000 lb. per square inch. Only about 30 ft. 
of belting can be vulcanised at a time; thus, for a 
belt 660 ft. long the press is operated 22 times. The 
latest method of vulcanising, however, is continuous. 
Two conveyor belts enter the machine, which is known 
as a “ Boston Rotocure,” and pressure and heat are 
applied continuously. A speed range of 13 ft. to 203 ft. 
per hour is provided, and two men can operate three 
machines, whereas a gang of four or five men is required 
for each ordinary hydraulic belting press. Articles such 
a3 Tubber shoes and Wellingtons are vulcanised in a 
‘pan ”’—a cylinder 26 ft. long by 9 ft. in diameter—in 
which articles are subjected to hot air. which is con- 
‘tintly circulated at a pressure of 42 lb. per square inch. 





CANADIAN Paciric RAILway.—The gross earnings of 


THE BRITISH ENGINEERING 
MISSION TO CANADA.* 


By E. H. Giprn. 


WHEN this meeting was arranged, I was not certain 
whether the Report of the United Kingdom Engineering 
Mission to Canada would have been published ; thanks, 
however, to the co-operation of the Board of Trade and 
the King’s Printer, the report is now available and I can 
take this, the first, opportunity of enlarging upon the 
Mission’s work and its proposals. 

The first thing to note about Canada is its enormous 
size. From coast to coast it stretches nearly 4,000 miles. 
The land area of the Dominion is about 3,700,000 square 
miles—more than the Combined area of the United 
States and Alaska; but, in the vast spaces of Canada, 
there are as yet not more than 13,000,000 people, of 
whom not less than 10,000,000 are in the Maritime 
Provinces of Quebec and Ontario. Manufacturing 
industry therefore is largely centred in the East. 

From the western provinces comes the great bulk of 
the food and raw materials which Britain buys from 
the Dominion. These constitute the bulk of our 
imports from Canada which, in 1948, amounted to 
216,000,000/. Our sales to Canada came to 69,000,0001. 
In a world in which trade was multilateral this would 
not matter greatly, but the shortage of American 
dellars here, in Canada, and almost throughout the 
world, has confined us more and more to bilateral 
trading—and the end is not yet, in spite of the unparal- 
leled generosity of Marshall aid; meanwhile, where 
exports and imports between two coutries are out of 
balance, the most strenuous efforts must be made to 
bring about something nearer to equilibrium. 

With this in mind, the British Government decided, 
early last year, that in our export drive, Canada must 
have the highest priority. With that decision, the 
Dominion Government was in full accord. They 
realised that their exports to Britain could only be 
paid for by goods and services and that unless Canadians 
bought more from us we could not maintain our 
purchases from them. The Engineering Mission, 
which I had the honour to lead, had as its main object 
the investigation of the Canadian market for British 
capital equipment. Canada has a great engineering 
industry; its growth has been phenomenal and its 
service to the allied cause during the war can hardly 
be over-estimated. It was also known that Canada 
continued to import a large amount of capital mer 
ment; an annual figure of 500 million dols. is probably 
conservative. Of this trade, the British share had 
become progressively less. Before World War I, the 
position was much better. British capital was invested 
in the development of the mines, railroads and indus- 
tries of Canada and much profitable work was done by 
British firms in supplying the equipment needed. Even 
after the first world war this enterprise continued, 
though not in the same volume. It was with the second 
world war that the flow of goods, the product of our 
hands, sent across the sea, practically dried up. 

When the war ended, our manufacturers looked out 
upon a Canadian market unavoidably neglected and, 
to all appearances, practically lost. (There were, 
fortunately, bright spots in this dark picture; the 
motor-car industry, particularly, was operating with 
the greatest energy.) Meanwhile, the world was 
flinging orders at us, regardless of price and resigned 
to exercise exemplary patience in waiting for deliveries. 
For the time being, therefore, both Canada and Britain 
took the lines of least resistance, Canada across the 
49th Parallel and Britain in supplying traditional and 
easy markets. The dollar shortage made both the 
British and Canadian Governments determine that 
strenuous and co-operative effort must be made to 
remedy a state of affairs disastrous to both their 
economies. The Engineering Mission was a major 
operation in the British effort. It is an outstanding 
example of how Government and industry can, and 
should, work together. 

In our journey from coast to coast, we were received 
by the Governor General, conferred with Dominion 
and Provincial Governments, visited most cities of 
importance, and held meetings everywhere with leading 
industrialists, to whom we explained both the economic 
position and the readiness now of Britain to supply 
their needs. We paid visits to factories, interviewed 
agents and representatives of British firms and checked 


their suitability and performance. Each member of |- 


the Mission carried out his own allotted task in inves- 
tigating the possibility of the section he represented. 
Everywhere we went we met with the greatest goodwill. 
As a result of our study, we are convinced that there is 
in Canada an im t market for British engineering 
products. We went out as a Mission to Canada; we 
return as a Mission to Britain. 

The Canadian market is, and will remain, a difficult 
one. The United States, with its enormous manufac- 





the Canadian Pacific Railway during the period J y 
to November, 1948, totalled 324,172,000 dols., conmpared 
with 289,981,000 dols. in the corresponding 11 months 
of 1947. 


* Address delivered at the quarterly luncheon of the 
Gauge and Tool Makers’ Association, held in London on 
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turing potential and its geographic advantage, will 

ways be a powerful competitor. There are cases 
where a British firm, having established a substantia] 
business, may find it wise to set up a factory in Canada. 
That form of enterprise was not within our terms of 
reference and we discouraged the almost countless 
attempts by the young giants of Canadian industry to 
involve us in any discussion of it. What we can say 
is that a condition precedent is the proved adequacy ot 
turnover. No one should go out “in the blue” to 
start a factory. 

An alternative to the starting of factories is one put 
forward to us eagerly by some Canadian engineering 
firms. It is manufacture under licence—the sale of 
British *“‘ know-how.” There are, no doubt, cases in 
which that method might be used; but a preferable 
plan is for the British firm to get the more ordinary 
part of its equipment made in Canada, and to ship only 
the more complicated components. There are firms of 
high integrity in Canada who specialise in such local 
part-manufacture on very reasonable terms. We found 
that United States engineering firms use them freely. 
Before any British firm can enter into such arrange- 
ments it must have an established market. We come, 
at once, therefore, to the all-important question of 
representation. Whether a firm is already represented 
in Canada or not, a first step in the organised campaign 
for export, for which our Mission acted as an advance 
Intelligence Corps, is for a chief executive to visit 
Canada this spring and to confirm, or otherwise. our 
findings so far as they affect his business. These visits 
must, like ours, cover the whole Dominion. For many 
firms, the West is likely to be most important, in spite 
of its present scattered population. Adequate coverage 
of the Dominion entails periodic visits to each city by 
the firm’s own representative (an expensive procedure) 
or by technically competent agents in each Province. 
What I have said of the West as a market applies, 
though in lesser degree, to the Maritimes, where the 
will to “ buy British ” is very strong. 

There is one most important thing which visiting 
executives and representatives should do, namely, it 
is to invite young Canadians to get their post-graduate 
experience in our factories. This applies equally to 
engineering works and to the factories in which British 
machines are used. There might well be an interchange 
of such visits, and I wish that the F.B.I. and the B.E.A. 
would take on the organisation that is needed if the 
thing is to be done properly. 

In so vast a territory as Canada, the supply of tech- 
nical literature is absolutely essential. We have fallen 
down badly in this matter. Where we have sent our 
catalogues, they have been almost coy in their reserve. 
“* This is what we offer you,” they say, ‘‘ but we’re not 
going to tell you anything about it. We must avoid 
careless talk. Les oreilles ennemis nous écoutent.” 
That reserve must be abandoned. Every catalogue, 
brochure or description of a particular machine should 
give exact particulars of measurement, weight, floor 
space, power and performance. The setting-up of a 
technical library, even if only on a modest scale, is part 
of the technique of most Canadian municipalities, 
public utilities and individual firms. To it they turn 
when considering their needs and, at present, it is only 
from the American section that their help comes. I 
am inclined to put the supply of information in the 
first place in our campaign. An intensivé effort is 
needed to circulate British technical journals in Canada ; ° 
their expert exposition and comment are at least equal 
to those of any rival. 

We may sum up the essentials to successful entry 

into the Canadian market as Marke: Survey, Informa- 
tion, Representation, Quality, Price, Delivery and 
Servicing. So far as quality is concerned, we have 
little to fear ; there is universal respect for it in the 
Dom‘nion. As to prices, the differential, which was 
almost prohibitive in many cases in the years immedi- 
ately following the war, has significantly decreased, 
and there is little left now that informed salesmanship 
cannot conquer. Delivery has been a sore point. The 
most friendly buyer, assured of quality and price, has 
thrown aside, with indignant contempt, a tender which 
offers him delivery in three years of something he can 
get elsewhere in six months. A first duty in this 
matter is for firms who have Canadian orders on their 
books to raise them in the delivery list; the need is 
urgent in the interest of the nation. 
Closely bound up with delivery is the provision of 
service facilities and the supply, at suitable centres, of 
stocks of spare parts. It is impossible to generalise 
on these questions, for the conditions will differ widely. 
Service must follow sales, but its extent must be deter- 
mined by the firm concerned. As to spare parts, it 
should be possible to arrange depots, possibly shared 
by several firms, without too great a charge upon any 
one business. 

There is one proposal made by the Mission—novel, 
and even revolutionary—to which I must make special 
reference. Much of Btitain’s export trade is carried 
on by small firms who would find it impossible by 
themselves to make the expensive effort to enter the 
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exceptionally difficult market of Canada. The Mission 
proposed, therefore, that sections of the engineeri 
industry should, in appropriate cases, unite to maintain 
what one might call “ listeni ” manned by 
specialist tatives, who would act in the joint 
interest of the section appointing them. The Mission 
realised that the expense of this procedure would be 
heavy and made the proposal that, in view of the 
national need for export to Canada and the difficulty 
of the market, some form of Government help should 
be forthcoming. The Government have accepted this 
proposal in principle, and details for its enactment 
are being worked out. The direction of the plan must 
be in the hands of the trade associations, but the 
Government have made it clear that the plan must be 
open to all manufacturers in a section, whether members 
ho trade association or not. In this matter, at least, 
the Government is against the “‘ closed shop.” 

There are two matters, not included in our Report, 
to which I must refer. The first is that we came 
across certain great projects of public service upon 
which, in the existing state of affairs, United States 
consultants were advising, but for which no contracts 
had been We brought home particulars of 
these and, in at least two cases, experts from here have 
already gone to Canada with the firm intention of getting 
the business. 

The second, not the work of our Mission, but based 
upon the inspiration which sent it out, is of particular 
importance to this Association. It is the plan, spon- 
sored by the Ministry of Supply, for a comprehensive 
Exhibition of British Machine Tools and Hand-Tools, 
Gauges and Scientific Instruments, to be opened, 
probably in Toronto, in the spring of 1950. Such an 
exhibition will be of the greatest value. It should be 
organised and supported by all those concerned, and 
made completely representative. 

The British re-entry into the Canadian market is a 
great venture; but, to a great extent, we have lost 
the venturing spirit. The venturer is the forgotten 
man when incentives are held forth ; the natural human 
incentive of personal gain is no longer offered to him. 
We must, I think remind ourselves that the great 
Elizabethan trade venturers were not wholly concerned 
with securing the doubloons. They ventured also for 
the Queen’s honour and the nation’s prosperity. 
Venture, for us, must be even more altruistic. We 
shall be venturing to-day almost solely for the King’s 
honour and the peoples’ well-being. In any case, there 
is a paramount reason for venturing. We did a great 
deal to explain to Canadians why, if they wish to sell, 
they must buy ; but the fact remains that the limitation 
of British purchases since announced has puzzled and 
irritated the Canadian people. British Columbia, 
for example, with its widely publicised slogan “ Buy 
British and build British Columbia,” fails to understand 
why we buy timber from scarcely disguised enemies 
when her great forests are at our disposal, or why we 
send tinplate to Russia while the British Columbian 
fish-canning industry languishes for lack of it. By the 


venture I have proposed, we shall be working to bring | P 


about that much happier state of things in which we 
can buy from Canada all that she can supply. 
Unless we can buy more from Canada, Canada will 
be inexorably driven into closer and closer connection 
with the United States, with incalculably serious 
results upon the whole structure of the British Common- 
‘wealth. If we could take’our full share in the develop- 
ment of Canada’s natural resources, if British capital 
could again find profitable use in the Dominion, our 
export trade would gain enormously ; but the invest- 
ment must be made in dollars, for Canada cannot join 
the ster area, and although there is a weight of 
sterling available, no alchemy has yet been devised to 
effect the transmutation. So we find to-day the great 
Alberta oilfields, the iron-ore deposits and the titanium 
deposits in Labrador and Northern Quebec, being 
developed by United States capital, with all the result- 
ing advantage to American business. I am no econo- 
mist. I do not know whether the problem is insoluble 
or not; but I do know that it is of major importance. 





NEWSPRINT PRODUCTION IN CANADA.—The pro- 
duction of newsprint in Canada during the eleven 
months January to November, 1948, aggregated 4,214,767 
tons, against 4,077,864 tons in the corresponding period 
of 1947. 


THe LATE Mr. J. H. FisHER.—We note with regret 
the death of Mr. John Henry Fisher which occurred at 
his home at Hungerford, Berkshire, on February 10. Mr. 
Fisher, who was in his 80th year, was a director of 
Messrs. Thomas Turton and Sons, Limited, Sheaf Works, 
Sheffield. He had been connected with the company 
since January, 1922, when he was appointed London 
manager. Mr. Fisher joined the board in May, 1927. 


He was formerly a director of Messrs. William Jessop 
and Sons, Limited, and had represented that company 
in London. 





LABOUR NOTES. 


In order to facilitate the transaction of financial 
and other business matters connected with its work 
the United Kingdom section of the Anglo-American 
Council on Productivity has been constituted a private 
company limited by guarantee. The members of the 
United Kingdom section of the Council have been 
appointed directors of the new company and the joint 
secretaries of the section have accepted appointment 
as ew directors. Sir Thomas Hutton, K.C.I.E., 
C.B., a former secretary to the Government of India 
and, since 1947, regional officer for health services to the 
Ministry of Health, has been appointed general manager 
to the company. Mr. Paul H. Brind, formerly an 
assistant secretary to the Ministry of Labour, has 
accepted the position of visits secretary and, in this 
capacity, will be responsible for the headquarters 
organisation of the teams appointed to visit works for 
the study of productivity problems. Mr. Norman 
Pleming will act as honorary consultant to two of the 
committees which were set up by the Council in Novem- 
ber. These are committee B, for the maintenance of 
productive plant and power, and committee D, for the 
study of jalisation in industrial production. Mr. 
L. H. C. Tippett, of the Shirley Institute of the British 
Cotton Industry Research Association, will undertake, 
as consultant, surveys and researches for committee C, 
appointed to measure productivity in industry. He 
will be temporarily seconded from the Shirley Institute 
for the purpose. 


Good progress in the trade-union movement, although 
the past year was marked by considerable disturbance 
and uncertainty throughout the world, is recorded by 
Mr. Arthur Deakin, general secretary of the Transport 
and General Workers’ Union, in the February issue of 
the union’s Record. Reviewing the work accomplished 
by his own union during 1948, Mr. Deakin states that, 
when the final figures for the year are available, he is 
sure that they will again disclose an increase in the 
union’s membership and he adds that the financial 
position can be regarded as “ very satisfactory.” He 
reports that the metal and engineering trades group of 
the union continued to be very active and, during the 
past year, had several sets of wage negotiations in hand. 
The claim put forward by the unions concerned, on 
behalf of male employees in the engineering industry, 
was referred to a court of inquiry, which recommended 
an increase of 5s. a week to adults, with proportionate 
increases to juveniles. A subsequent claim on behalf 
of women employees in the industry resulted in an 
agreement which awarded them an increase of 4s. 
weekly, again with proportionate increases to juniors. 








Mr. Deakin, continuing his report on the union’s metal 
and engineering trades group, states that difficulty was 
also e ienced in dealing with the wage claim of the 
shipbuilding and ship-repairing operatives. The dis- 
ute which arose was referred to the Ministry of Labour 
and National Service, but, following the settlement in 
the engineering industry, negotiations with the em- 
ployers were re-opened and an increase of 5s. a week 
was secured. Mr. Deakin reports wage increases in 
the wire and wire-rope industry; the electric cable- 
making industry ; the iron, steel and non-ferrous indus- 
trial group ; and in the aluminium industry. He adds 
that an agreement was concluded whereby the number 
of town grades in railway workshops was reduced to 
two, thus effecting a large measure of consolidation. 
Negotiations were still proceeding, however, on the 
question of rates of payment for employees in railway 
workshops engaged on piece-rate production. Con- 
cluding his report for 1948, Mr. Deakin refers to the 
amount, nearly 10,000/., spent by the union on scholar- 
ships and grants for the education of members of the 
union, “ the highest figure ever recorded.” 





An increase of $d. an hour has been awarded to all 
classes of labourers a ta in the civil-engineering 
industry, to take effect from Monday, February 7. 
The new rates are: London super grade, 2s, 4$d. an 
hour; class 1, 2s. 3$d. an hour; class 1A, 2s. 3d. an 
hour; class 2, 2s. 2d. an hour; and class 2A, 2s. 2d. 
an hour. Civil-engineering employers have been pre- 
sented with claims similar to those which have been 
put forward on behalf of operatives in the building 
industry, namely, for amendments upon the labourers’ 
differential, and for craft rates for steel benders and 
fixers, and tubular scaffolders. Negotiations in respect 
of these claims are now proceeding between the em- 
ployers and the Transport and General Workers’ Union, 





End-of-the-year employment figures issued by the 
i of Labour on Monday show that, for economic 
and patriotic reasons, there is a growing tendency for 
women to enter, and remain in, employment. In con- 
sequence of this tendency, the country’s total working 





population, males aged 14 and under 65 and females 


14 and under 60, numbered 20,328,000 at the end 
of 1948, an improvement by 228,000 on the 20,100,000 
forecast last March in the Government’s “ Economic 
Survey for 1948,” and a loss of only 112,000 on the com. 
parative figure for the end of 1947, which was 
20,430,000. The total of 20,328,000 at the end of 
December, 1948, compares unfavourably, however, 
with 20,377,000 at the end of November, 1948, and 
20,361,000 at the end of October, but it is worthy of 
note that the country’s total working population in 
mid-1939 was only 19,750,000. The very favourable 
figure at the end of December last, compared with the 
forecast of the ‘‘ Economic Survey,” was largely due to 
some 200,000 more women remaining at work on that 
date than had been anticipated in the “ Survey.” 





While man-power targets set by the 1948 Survey 
were su substantial numbers in some 
industries, the objectives set for other industries were 
missed by equally large margins. In the main, it 
was those industries in which the Government most 
hoped for considerable increases in man-power which 
showed the deficits. Although it is calculated that 
there were some 280,000 more persons engaged in 
commerce, industry and the professions at the end of 
December last than was expected, man-power in the 
three major undermanned industries for which set 
targets were fixed, fell far short of the objectives. 
These industries were textiles, coal and agriculture, 
and in the textile industry, man-power was 70,000 
less than the target ; in coal mining, 24,000 less ; and 
in agriculture, 19,000 less. Man-power in the textile 
industry had, however, shown an overall increase of 
6 per cent. in the year; 7} per cent. in respect of the 
cotton-goods industry and 4} per cent. in respect of 
the woollen-goods industry. The actual increase in 
the textile industry of 38,000 against the hoped-for 
increase of about 108,000, included some 14,000 volun- 
teer workers of foreign nationality. 





Man-power in the building and civil engineering 
group of industries, which numbered 1,364,000 at the 
end of 1947 and was expected to decline to 1,200,000 
at the end of 1948, declined to 1,357,000; 157,000 
more than the target figure. This figure is considered 
to be due, in the main, to relaxations in the regulations 
for maintenance and repair work, which more than 
counterbalanced the reductions in the Government's 
building programme. The transport and shipping 
industries group, which had a labour force of 1,438,000 
at the end of 1947 and was expected to increase its 
strength to 1,460,000 at the end of 1948, increased it 
actually to 1,461,000, a very close approximation to 
the estimate for this group. The man-power strength 
of the metals and engineering industries, which num- 
bered 2,876,000 at the end of 1947 was given a target 
of 2,900,000 for the end of 1948, and rose to 2,908,000. 
The actual total labour forces of the textile, coal- 
mining, and agricultural industries at the close of 1948 
were 690,000, 766,000, and 1,091,000, respectively. 
No significant changes in the country’s man-power 
situation are expected during the current year, and the 
“Economic Survey for 1949,” which is to be issued 
shortly, is not expected to contain man-power objectives 
for next December. 





A total of 375,713 persons were unemployed in 
Great Britain alone on January,20, the latest date 
for which Ministry of Labour are available. 
This is an increase of no less than in four weeks 
and is the highest total for anyfour-weekly period 
since April, 1947. The number of male unemployed 
alone increased by over 35,000 between December 6 
and January 10. The current increase is attributed, 
in the main, to seasonal causes. In the corresponding 
four-weekly period at the end of 1947, the number of 
unemployed increased by some 41,000 to 318,427. 
The Ministry’s count on December 6 last gave a total 
of 327,213, and that in April, 1947, at the time when 
the effects of the fuel crisis were still prominent, 
amounted to 426,989. The Ministry also reports that 
the number of vacancies filled by employment 
exchanges during the four weeks ending on December 22 
last was 294,000, against 369,000 during the preceding 
four-weekly period; a drop of 75,000, which is also 
considered to be due to seasonal fluctuations. 





A statement issued by the commercial road-transport 
section of the Transport and General Workers’ Union 
in the February issue of the union’s official Record, 
reporting to the members on the nationalisation of road 
transport, declares: ‘‘ Arising from the acquisition 
of road-transport undertakings by the Road Transport 
Executive, the union has commenced informal discus- 
sions with them on the subject of negotiating machinery. 
A further meeting is being arranged to examine the 
structure of the machinery required and the union 
hopes to be in a position to report more fully in the 





March issue of the Record.” 
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CYCLONE DUST COLLECTORS.* 
By Proressor A. J. TER LINDEN. 


BeFore£, during, and after the 1939-45 war, various 
experimental investigations were made, in the labora- 
tory of the Technical High School at Delft, in the field 
of cyclone gust collectors. These investigations aimed 
at the attainment of a better understanding of the 
flow of gas in a cyclone, the determination of the most 
efficient shape of a cyclone, and the determination of 
the kind of dust for which a cyclone collector might be 
recommended; the most important results of these 
investigations are described below. The following 
symbols are used :— 


Or Radial acceleration of particle. 
d Diameter of gas exhaust. 
g Acceleration due to gravity. 
h Height of cylindrical part of cyclone. 
Ds Static pressure. 

Pt Total pressure. 

r Radius of a point P. 

Tt = d/2 Radius at which particle is in equlibrium. 


To Radius at which V; reaches a maximum. 
T, Radius of point at which V; is estimated. 
8) Density of dust particles. 

8, Density of gas. 


A Width of gas inlet. 

B Height of gas inlet. 

D Diameter of cyclone. 

H Height of cyclone. 

Q Quantity of gas passed through cyclone. 
8 Length of exhaust pipe inside cyclone. 


Vg Rate of settling of particle. 

Va Vertical component of gas velocity. 

Vp Separating capacity of cyclone. 

Vr Radial component of gas velocity. 

Vt Tangential component of gas velocity. 

Vie Tangential velocity at circumference of 
cyclone. 

B Inlet angle of gases. 

r) Diameter of dust particle. 

7 Efficiency of dust separation of cyclone. 


B Viscosity of gas. 
Ap Pressure drop of cyclone. 





* Paper read at a meeting of the Institution of Mechani- 


| gases, was useless, as it only resulted in ee the 
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The efficiency for a certain kind of dust (pulverised 
coal) was checked first under identical conditions. 
These tests showed that any attempt to increase the 
efficiency by means of blades, spiral ducts, or any 
appliance for the purpose of directing the rotating 


rotation of the gases in the body of the cyclone. 
This rotation, which causes the separation of the dust, 
is continued in the dust bunker and in the exhaust 
pipes for the purified gases ; but even in these, situated 
outside the cyclone body, the checking of the rotating 
gases has an unfavourable influence on the efficiency. 
Thus, for instance, a cyclone with a large dust bunker 
will have a higher efficiency than one in which the dust 
is closed by a revolving disc or valve. Similarly, the 
placing of blades in the gas exhaust pipe, in order to 
decrease the pressure loss in the cyclone, influences the 
efficiency unfavourably. It is desirable, therefore, to 
provide the cyclone with a dust bunker and an exhaust 
pipe in which the gases can continue their rotation. 

As shown in Figs. 1 and 2, herewith, the shape of a 
cyclone is determined by the following principal dimen- 
sions: inlet angle of gases, 8 ; diameter of cyclone, D ; 
gas exhaust diameter, d; length of exhaust pipe inside 
cyclone, 8 ; height of cyclone, H ; height of cylindrical 
part of cyclone, h; width of gas inlet, A; and height 
of gas inlet, B. To investigate the effect of a ch in 











each of these dimensions on the efficiency of the cyclone, 
the efficiency of a number of models was measured, 





each of the above-mentioned dimensions being altered 
in turn. From these measurements it appeared that 
a gradual entry of the gases to be purified into the 
cylindrical part of the cyclone was essential to obtain 
a reasonable efficiency. The best figures were obtained 
with an inlet angle 8 = 180 deg.; further increase 
of this inlet angle does not raise the efficiency, and 
makes the construction unnecessarily expensive. 

The influence of the dimension 8 of the gas exhaust 

ipe on the efficiency is shown in Fig. 3, herewith. 

he cyclone dimensions were: D = 2-25d, H = 6d, 
and £ = 180 deg. The efficiency decreases quickly 
when the value of S becomes too low, the maximum 
efficiency being reached at S~ d, or S~>B when 
B>d. The values obtained from these first two 
tests, B= 180 deg. and S=d, were maintained 
throughout the remaining experiments. 

Fig. 4, herewith, shows the influence of height H 
of the cyclone on the efficiency, the dimensions being 
D = 2-25d, S = d, and B = 180 deg. Increase of H 
improves the efficiency, but raises the initial cost of 
the cyclone and the space required. The results 

educed correspond with the American patent of 
R. L. Bobbit, in which a height of H > 3D is recom- 
mended. 

Enlarging the cyclone diameter D also increases the 
efficiency, as shown in Fig. 5, herewith, but again at 
the expense of initial cost and space required. The 
cyclone dimensions here are H = 6d, S=d, and 
B= 180 deg. The pressure loss in the cyc'one is 
also increased by enlarging D. To construct a 
practical cyclone with a given value of the exhaust 
diameter d, it is necessary to restrict dimensions D 
and H to, for instance, D = 2-5d and H = 6d to 7d. 
The dimensions A and B of the inlet duct influence the 
efficiency to some extent. In general, a broad and not 
| excessively high duct (A > B) will increase the effi- 
| ciency; a practical shape is A= B (i.e., a square 
inlet). To decrease loss of pressure in the cyclone, it 
is desirable to make the cross-sectional area of the inlet 
duct (A x B) not much smaller than that of the 
exhaust. As a result of these investigations, in the 
course of which important research work was done by 
P. J. K. Missel, the cyclone shown in Figs. 1 and 2 was 
constructed. In use with many industrial plants this 
type has always given favourable results. 

The influence of gravity on the dust separation in a 
cyclone is slight, so that efficiency is almost inde- 
pendent of the position of the cyclone. Experiments 
have shown that separation remains satisfactory not 
only in a horizontal position but also even with the 
cyclone inverted, with, consequently, the exhaust gases 
directed vertically downwards and the dust carried off 
upwards from the cyclone. A good cyclone, therefore, 
separates the dust satisfactorily in any position. 
Difficulties may arise, however, with coarse particles 
of dust, which keep rotating in the conical part of the 
cyclone and cannot reach the dust outlet. This 
difficulty may, of course, arise with a cyclone in the 
normal vertical position, but to a lesser extent. 

To ensure the maximum removal of dust with the 





| cylindrical part of the cyclone in a horizontal or nearly 


horizontal position, the dust outlet must pass vertically 
downwards, and this is only possible with a cyclone 
having a curved axis, as shown in Fig. 6, herewith. 
Experiments have shown that the efficiency of the 
curved cyclone is not inferior to that of the straight 
cyclone ; official comparative tests carried out by the 
German Patent Office in 1939 even showed a slight 
increase in efficiency with a curved cyclone. In many 
cases it may be preferable, in view of the available 
space, to install a curved cyclone, an additional advan- 
tage being that bends in the ducts can be avoided. 
In order to understand fully the functioning of a 
cyclone, it is necessary to know the course of the gases 
within it. The gas flow is three-dimensional, so that 
at any point within a cyclone the velocity can be 
resolved into three components, V;, V;, and Vj, these 
being tangential, radial, and vertical, respectively, as 
shown in Fig. 7, on page 166. The tangential velocities 
are indicated by full-line curves and the radial velocities 
by dotted lines. In the laboratory at Delft, the gas 
flow in a cyclone has been measured by H. Mulder, 
using the globe-Pitot meter of Dr. van der Hegge 
Zijnen.* With this instrument it is possible to measure 
the velocity and its direction without noticeably 
disturbing the flow of the gas. The results of these 
measurements are given in Figs. 7,8, and 9, page 166. 
Fig. 8 indicates the variation of the static pressure p, 
and the total pressure p; at different points in a cyclone, 
static pressure being indicated by full lines and total 





pressure by dotted lines. In each case, the static pres- 
sure at the inlet was 90 mm. (3-54 in.) water gauge, 
and the gases could escape freely to atmosphere. The 
cyclone had an airtight bunker, in which a vacuum of 
30 mm. (1-18 in.) water gauge was measured. The 
gas velocity at the inlet was 10-7 m. per sec., and the 
velocity at the exhaust was 6-36 m. per sec. 





* B. G. van der Hegge Zijnen, Proc. Roy. Academy 
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It appears that, with the exception of a core of low 
pressure in the centre of the cyclone, the pressure is 
high throughout the entire cyclone. The core of low 
pressure extends the full height of the cyclone and 
may be considered approximately cylindrical, with a 
diameter of about 0-4d (d = diameter of gas exhaust). 
This low-pressure area is continued into the dust 
bunker, in which it causes a vacuum. If the bunker is 
not closed hermetically, air from the outside will be 
drawn into it, causing an upward gas current in the 
dust outlet of the cyclone, which will carry the separated 
dust with it and thus lower the efficiency. The same 
defect will occur if the cyclone is constructed without 
a bunker and is fitted with valves that are not quite 
airtight. 

Figs. 7 and 9 show the variations in the three com- 
ponents V;, Vr, and Vj), of the gas velocity inside the 
cyclone. With the exception of the highly turbulent 
area in the centre, the tangential component V; pre- 
dominates, so that the total velocity of the gas deviates 
only slightly from V;. From the circumference to 
the centre V; increases, and attains its maximum at a 
radius rp ~ 0-65 re (where re = 0-5d), after which it 
quickly decreases. In the cylindrical of the 
cyclone the fluctuations of V; from the circumference 
to ro, can be represented approximately by the formula 
Vee 
where Viz is the ntial velocity at the circumference, 
and ry the radius of the point at which the gas velocity 
Vi is estimated. V;- does not deviate much from the 
velocity of the gas in the inlet duct. 

In the conical part of the cyclone, V; increases con- 
siderably as the cone becomes narrower, and, at the 
same distance from the axis, V; is considerably greater 
in the conical part than in the cylindrical part. The 
variation of V; in the cylindrical part corresponds, at 
least up to radius ry, with the values given by Shepherd 
and Lapple.* In the turbulent a disturbed centre 





* C. B. Shepherd and C. E. Lapple, Industrial and 
Engineering Chemistry, vol. 31, page 972 (1939). 
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of the cyclone, where measurements are difficult to 
take, and consequently are less accurate, the total 
velocity deviates considerably from the tangential ; 
both radial and vertical velocity components are of 
importance here. As shown in Fig. 9, the vertical 
component V;, is directed downwards along the outer 
walls of the cyclone, whereas in the remaining part an 
upward velocity can be observed. The downward 
flow of gas along the walls ensures the carrying-off to 
the dust outlet and bunker of the particles that have 
been flung out to the circumference. Gravity plays a 
subordinate part in this, as indicated by the satisfactory 
efficiency of the inverted cyclone. The radial velocity 
Vr, a8 might be expected, is directed towards the 
centre throughout the greater part of the cyclone, and 
shows a tendency to carry the particles to the centre 
against the action of centrifugal force. In the centre, 
the radial velocity seems to be directed outwards. 
From the variation in velocity indicated in >. 7 
and 9, it follows that the area in the centre of the 
cyclone is unfavourable to the separation of particles. 
A particle in this area will probably be carried along by 
the vertical gas currents to the gas exhaust and, conse- 
quently, will not be caught. To attain a high degree of 
efficiency, the aim should be to keep the particles outside 
the centre of the cyclone as much as possible, and further 
to try to make the tangential velocity V:, which assists 
the separation, as great as possible in proportion to the 
radial and vertical components Vy and Vj, which try 
to carry the icles in the direction of the exhaust. 
The variation in the pressures and velocities in Figs. 
7, 8, and 9, is only slightly dependent on the absolute 
velocities in the cyclone. It follows, therefore, that 
@ more general ho may be attached to the curves 
in these figures. At an arbitrary point P within the 
cyclone, a particle with a certain rate of settling Vy 
may be separated, while dust particles with a lower 
rate of settling will escape with the gases. Thus the rate 
of settling Vy controls the value of the flow at P with 
regard to the separation of the dust particles. This 
“separating capacity” will be t at the circum- 
ference of the cyclone, but slight in the centre. The 
rate of settling of the particle which can be just caught 














DUST COLLECTORS. 




















may serve as a measure of the separating capacity at 
a point P in the field of velocity ; a low value of V, 
points to a greater separating capacity. 

A comparison of the separating capacity at various 
points in the cyclone can be made by injecting known 
quantities of dust at these points and determining the 
efficiency. Care should be taken that, while injecting 
the dust, the flow should be disturbed as little as 
possible ; this can be achieved by leading in the dust 
through a small tube to the point required. Fig. 10, 
opposite, shows the efficiencies obtained duri such 
a test. Powdered coal was used, the normal dite 
for the cyclone in question being 95 cent. The 
separating capacity proved to be very slight, especially 
in the turbulent zone under the gas exhaust, which is 
to be ye ee from the results of the measurements 
of the velocity (Figs. 7 and 9). The flow of dust through 
a cyclone may be observed by the use of a cyclone in 
which the cylindrical part is constructed of glass. It is 
noteworthy that the dust drawn in by the cyclone, 
even —_ it is spread evenly over the inlet area, 
immediately forms comparatively narrow bands. 

The flow of gases and dust icles inside a cyclone 
is too complicated for exact calculation of the efficiency 
and pressure loss under given conditions. It is possible, 
however, by the use of — calculations based on 
experimental tests, to explain the properties of a 
cyclone and to estimate the efficiency and pressure 
loss with an accuracy sufficient for many practical 


cases. 

It is clear that a particle of dust, with a rate of settling 
Vy, may be caught if, on its way through the cyclone, 
it never reaches a point where the separating capacity 
V> is insufficient. It is therefore necessary for the sep- 
aration of this icle that Vg shall be larger than Vy. 
As the paths of the various particles are not the same, 
it may happen that one with a low rate of settling is 
separated, owing to the fact that it does not pass regions 
of low separating capacity ; whereas a larger particle 
with a greater rate of settling may escape, because it 
was unable to avoid these regions on its way through the 
cyclone. Attempts to use a cyclone as a sieve for the 
separation of coarse and fine dust are found to fail, as 
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many fine particles also will be separated with the 
coarse dust. 

To ensure that a minimum number of dust particles 
reach the regions of low separating capacity, it is 
necessary to them in as nearly as possible to the 
circumference of the cylindrical part of the cyclone. 
A semi-circular inlet duct will serve this purpose; it 
also follows*that a wide and low inlet (A > B) is more 
effective than a high and narrow one. To calculate 
the separating capacity at a point P at radius r, with 
velocity rey oye Vi, Vr, and Vj, the particles are 
assumed to spherical and of diameter 8. If also 
they are assumed to comply with Stokes’s law (which is 
suitable for particles with Vg < 50 and > 0-1 cm. per 
second (19-68 in. and 0-039 in. per second)), their rate of 
settling will be 

&o (8; — 8) ¥o 8, 
Vg 3 — = 
18 B 18 
since 8, >8,, where 8, = density of particles, s, = 
density of gas (very small in comparison to s,), g = 
acceleration due to gravity, and » = viscosity of gas. 

If a particle rotates with the gases, in which case it 

has a tangential velocity V;, it must have a radial 








acceleration af = = (see Fig. 11, herewith). If the 


particle keeps rotating on radius r, this acceleration 
must be caused by the radial force exerted on the 
particle by the radial velocity of the gas V;, and if 
Stokes’s law is assumed to hold, this acceleration will be 
ALF so that the following formula holds good for a 
g 
particle rotating on radius r:— 
ont on OMe oe¥y 
r Vg anal 
Particles with a greater rate of settling can rotate on a 
larger radius, smaller particles on a smaller radius. 
For the points for which 
te 
ae he 


(re) 
es SS : 
dr dr 
the equilibrium of the rotating particles is stable, and 
the particles would a rotating on this radius if the 
were not carried along by the vertical velocity. Wit 
the exception of the centre of the cyclone the equilibrium 


is stable throughout (Fig. 7). The formula Vy = pat 
t 
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may be considered a mathematical expression for the 
separating capacity at the point P. At the same radius, 
but at different heights in the cyclone, the value a 
is not the same, as is apparent from Fig. 7. This 
value increases as the distance from the gas exhaust 
decreases; the separating capacity diminishes, as 
proved by Fig. 10. 

Therefore, the coarsest particles to leave the cyclone 

ill escape from this area beneath the exhaust. To 
ascertain the rate of settling of these coarser particles, 
a particle (rate of settling Vy) is taken to be in equili- 


brium on a radius rz = ; in this area (Fig. 11). The 
following formula then holds good :— 


9teVr _94Vr 
Vy ¥3 7 (1) 

Particles with a smaller rate of settling will not attain 
equilibrium on this radius rz and will be carried along 
by the gas to the exhaust. Particles with a greater 
rate of settling will, on the other hand, rotate on a 
larger radius and be separated by the cyclone. 

Equation (1) represents the maximum value of the 
rate of settling of the particles that can still escape. 
From this equation it appears that in otherwise similar 


conditions { i.e., similar ratio of =“ , the rate of settling 


of the coarsest particles that can escape is proportional 
to the diameter of the exhaust d. From this it follows 
that the efficiency of a cyclone may be increased by 
decreasing the diameter of the exhaust. As, in view 
of the pressure drop, the velocity of the gas in the 
exhaust may not be raised too high, it is essential to 
replace a large cyclone by a number of small ones 
connected in parallel. From measurements taken, it 
appears that the efficiency of a cyclone increases, and 
the particles that escape become gradually smaller, as 
the diameter of the exhaust becomes smaller. Equation 
(1) represents this general aspect tolerably well. 
Equation (1), however, does not give any indication of 
the efficiency for particles with a lower rate of settling 
Vi < Vg- Should these particles get into the dan- 
gerous zone beneath the exhaust, they will be carried 
along by the escaping gases. The efficiency will 
therefore be determined entirely by the number of 
particles with rate of settling Vj which get into the 
dangerous zone on their way through the cyclone. 
The variation of efficiency for the finer particles can 
be determined only by experiment. Fig. 12, herewith, 
shows the results of experiments on the effect of varia- 
tion of the exhaust diameter and the diameter of the 
particle, the conditions being specific gravity, 1-0; 
velocity at exhaust, from 5 to 12 m. per second (16-40 
to 39-37 ft. per second). If, in a cyclone with a 


different quantity of gas Q, the ratio we should remain 
r 


unaltered, the efficiency, according to equation (1), 
would have to become ter with an increase of 
quantity Q. From Fig. 13, however, which gives the 
relationship between the efficiency 7 and quantity Q 








as Dia. of Particle §...Microns 














: that the efficiency will only be influenced to a 
slight degree by the quantity of gas. From this it 
may be deduced that V; increases more quickly than 


V . 
Vi, 80 that the proportion + does not change consider- 
r 


ably with a variation in quantity of gas. As the 
efficiency does not decrease appreciably for smaller 
quantities, and even increases for some kinds of dust 
(with a low specific weight), it is unnecessary to cut out 
units in a multi-cyclone when the load decreases. 

The dust concentration likewise has little influence 
on the efficiency. With an in ing dust concentra- 
tion the efficiency will also increase slightly, provided 
no obstructions occur in the dust outlet. This pheno- 
menon can be explained by assuming that the coarser 
particles carry the finer ones to the circumference of the 
cyclone. 

From Fig. 12, it is possible to deduce what efficiency 
may be expected of a cyclone with a given exhaust 
diameter for a particular kind of dust. If a high 
efficiency for a fine dust is required, it will be necessary 
to use very small cyclones. This will lead to the 
application of multi-cyclones, with a great number of 
units connected in parallel. By employing this 
construction it is often possible to replace cloth and 
electro-filters and wet dust collectors ; but it is advisable 
to proceed cautiously, as in many cases the efficiency 
of the multi-cyclone is considerably lower than that 
of the small cyclones of which it is composed. This is 
more especially to be found with the usual construction 
in which the cyclones are connected to a common dust 
bunker. Owing to slight irregularities in the spreading 
of the gases in the cyclones, there may be differences 
of pressure in the dust outlets of cyclones connected in 
parallel (Fig. 7). Thus, vertical gas currents, which will 
influence the rate of efficiency unfavourably, may 
arise in the dust outlets of some of these cyclones. 
Another drawback, inherent in the application of very 
small units for high dust concentrations, is the possi- 
bility of blocking up the dust outlet, which will allow 
all the dust supplied to the cyclone to pass out through 
the gas exhaust. In constructing multi-cyclones it is 
advisable to take these disadvantages into account. 

As the efficiency of a cyclone is to a high degree 
dependent on the size of grain, a guaranteed efficiency 
can only be given if the rate of settlement of the 
particles is fixed. It is correct, therefore, to guarantee 
the efficiency for a dust with a known rate of settling, 
or (simpler in practice) to guarantee a complete separa- 
tion of all dust particles of which the rate of settling or 
size of grain exceeds a certain value. In view of the 
nuisance caused in the vicinity of boiler houses, it is 
desirable, for instance, to demand that the dust 
separators fitted to grate-fired boilers shall separate all 
dust with a rate of settling of 0-05 m. per second 
(0-164 ft. per second), or more (size of in 8 = 
35 microns).* For powdered-coal boilers, where the 
dust concentration in the smoke gases is considerably 
greater than for = boilers, heavier demands 
must be made and a 100 per cent. efficiency for dust 
with a rate of settling equal to, or greater than, 
0-025 m. per second (0-082 ft. per second) may be 
demanded. In both cases, the height of the stack 
should affect the demands. 

It is unwise to guarantee the total efficiency unless 





* 1 micron —1 x 10‘ millimetre = 3-937 x 10-5 in. 
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the dust in question has either a constant composition 
or contains only few very fine grains with § < 10 
microns. If the latter should not be the case, and if 
the dust contains a considerable percentage of very 
fine particles, a guaranteed total efficiency is more or 
less a gamble, as each change in the composition of 
these very fine particles can greatly influence the 
efficiency. 

As follows from Fig. 12, the efficiency of a very small 
cyclone (d = 20 to 25 mm. = 0-787 to 0-984 in.) will 
be high, and will exceed 99 per cent. for nearly all 
kinds of industrial dust. Dust particles with a 
diameter of between 3 and 5 microns or more will be 
separated entirely. This property of a small cyclone 
may be used to measure simply and accurately the 
dust content of a flow of gas. As shown in Fig. 14, 
page 167, a fan A sucks the gases containing dust 
through a small cyclone B, where over 99 per cent. of 
the dust will be separated. The quantity of gas can 
be deduced from the pressure loss Ap of the cyclone ; 
this quantity can be regulated by a sliding sleeve C, so 
that the velocity of the gas in the opening of the 
suction tube D will be approximately equal to that in 
the surrounding flow of gas. 





ANNUALS AND REFERENCE BOOKS. 


Year Book of the Heating and Ventilating Industry, 
1948.—The publishers of the 2nd edition of this year 
book, Messrs. Technitrade Journals, Limited, Carlisle 
House, 8, Southampton-row, London, W.C.1, fulfil the 
promise made with the first edition that additional 
information would be forthcoming in each subsequent 
issue. Compiled in collaboration with the Association 
of Heating, Ventilating and Domestic Engineering 
Employers, there are now 200 pages of reading matter 
that should prove of value to architects, consulting 
engineers, surveyors and others concerned in the 
branches of engineering covered by the Association. 
Numerous articles are devoted to the theory, practice 
and future developments of the industry ; the national 
agreement affecting working hours and conditions is 
reprinted and recent agreements and conditions of 
trading are reported at length. The remaining pages 
form the directory and provide an alphabetical list of 
members of the Association, wih addresses and tele- 
phone numbers, and there is a buyers’ guide indicating 
manufacturers and suppliers according to a list of 
products or from their proprietary names. The price 
of the book is 5s. net, or 5s. 6d., postage included. 

International Mercantile Diary and Year Book.—A 
feature of this year book, the 1949, or thirty-third, 
edition of which has now been published, is that a 
monthly supplement, entitled The Merchant Shipper, 
is sent to all subscribers, thus enabling them to main- 
tain the information contained in the work up to date. 
The data included in the book covers the whole world, 
and, for each country, particulars are given regarding 
area and population, the languages spoken, the principal 
ports, cities and towns, the location of airports, the 
Consular service, principal banks and their head offices, 
currency, weights and measures, — charges and 
services, the principal shipping lines, imports and 
exports, and commercial legislation. Included in the 
last-named section are information on import licences 
and permits, Consular invoices, bills of lading, Customs 
regulations, certificates of origin, the law affecting 
eommercial travellers and samples, and other matters 
of a similar nature. Great Britain and the British 
Empire are dealt with first in the year book, after 
which are arranged sovereign foreign states in alpha- 
betical order, followed in each case by the country’s 
colonies or dependencies, where these exist. At the 
end of the book, after the diary pages, are to be found 
conversion tables, lists of weights and measures, and 
other miscellaneous information. The book is pub- 
lished, price 30s. net, by the Syren and Shipping, 
Limited, 26-28, Billiter-street, London, E.C.3. 

Directory of Shipowners, Shipbuilders and Marine 
Engineers, 1949.—The Directory Publishing Company, 
who produce this valuable reference book, are to be 
congratulated on their success in placing the 1949 
issue on sale within the first few weeks in the year ; 
the more so as an incidental result of railway nationali- 
sation has been to necessitate a considerable re-arrange- 
ment of the entries relating to railway-owned ships and 
the staffs who operate them. For the rest, the custo- 
mary features appear, in the revised order which was 
adopted a couple of years ago; that is to say, the 
section listing the shipowners and their fleets is followed 
by the list of shipbuilders, marine-engine builders and 
repairers, and this again by the sections dealing with 
consultants, institutions and federations, Government 
departments, classification societies, etc. The British 
Transport Commission occupies an “ official appendix ” 
of 20 pages, and it is here that the railway vessels are 
grouped. The Directory is obtainable from the pub- 
lishers’ address, 33, Tothill-street, London, S.W.1, at 
the price of 30s. net. 





THE OFFEN CENTRE LOCATOR. 


WHEN locating holes relatively to one another, or 
to a given datum, the time factor frequently favours 
the employment of a jig borer in preference to a 
simpler tool, although extreme accuracy may not be 
essential. Most machine tools of the rotating-spindle 
type are capable of producing work within limits of 
0-001 in. when used in a similar manner to the jig-borer, 
but generally more indirect methods are adopted 
because of the difficulty of establishing the axis of 
rotation of the machine spindle. The Offen centre 
locator readily performs this task, reducing it to the 
category of an unskilled operation, and requiring only 
the addition of slip gauges and magnifying glass for 
the more precise settings within 0-0002 in. 

The locator consists of a short parallel shank carrying 
a spring-loaded stem or ‘“‘ whisker” which can be de- 
flected as it includes a ball-seating. Towirds the 
end of the stem, the diameter is increased to 0-2 in. 
and may be either barrel-shaped or cylindrical according 
to whether the centre line is to be determined from 
a flat or a cylindrical surface. A drill chuck or 
similar device serves to grip the centre locator in 
the machine spindle, there being no necessity for the 
body part to run truly, and the stem having been 
pressed out of alignment describes a circular orbit as 
the spindle is driven at a speed between 200 and 





500 r.p.m. The machine table, or preferably the face 
of a slip gauge or jig carried by it, is brought into contact 
and progressively advanced or raised until the stem 
appears to centralise and any further movement, 
however small, causes it to run off along the gauge or 
table. At this stage, the true axis of rotation of 
the spindle is indicated within 0-0005 in., but greater 
precision can be attained by repeating the procedure 
and observing closely the diminishing, and eventual dis- 
appearance, of the light between the stem and the gauge. 

When working from a vertical face, the results 
tend to be obscured unless the direction of rotation, 
or the position of the contact surface, imparts a 
tendency to run off downwards as shown in the 
accompanying illustration. The subsequent location 
of the holes will depend upon the machine tool and 
the accuracy of its slides and feed screws, due allow- 
ance being made for the 0-1 in. half-diameter of 
the stem. The settings can be verified, however, by 
slip gauges built up to the required dimensions, or they 
may be derived directly from them. In either case, 
the final adjustments, including the locking of the 
table and slides, are effected under the control of the 
instrument which, with the aid of an extension piece 
supplied in the set, should meet most requirements. 
The locator is designed and made by Messrs. Offen and 
Company, Limited, and distributed by Messrs. E. H. 
Jones (Machine Tools), Limited, Edgware-road, The 
Hyde, London, N.W.9. 





INTERNATIONAL BICYCLE AND MOTOR CYCLE EXHIBI- 
TION.—This year’s Bicycle and Motor Cycle Exhibition 
at Earl’s Court, London, S8S.W.5, has been extended to 
cover two Saturdays. It will open on Friday, October 21, 
and close on Saturday, October 29. The promoters of the 
Exhibition, the British Cycle and Motor Cycle Manufac- 
turers and Traders Union, The Towers, Warwick-road, 
Coventry, announce that they have decided to open the 
Exhibition for eight days on account of the outstanding 
success of last year’s six-day show. 





PACKING-PIECE WITH MICROMETER ADJUSTMENT.— 
Particulars of a packing piece in the form of a small 
screw jack with micrometer scales have been received 
from Messrs. Euco Tools, Limited, 44, London-road, 
Kingston-on-Thames. Known as a “ Micrometer Jack,” 
it is intended for lifting and setting a component to an 
exact height on a marking-out table or a machine-tool 
bed. With the aid of four blocks the height can be 
adjusted to within 0-0005 in. from 1-75 in. to 5-75 in. 
Three interchangeable heads, of flat, V, and knife-edge 


CATALOGUES. 


Aluminium Scaffold Tubing.—Messrs. The Northern 
Aluminium Company, Limited, Banbury, Oxfordshire, 
have published a leaflet giving particulars of their 
extruded aluminium-alloy scaffold tubes. Stress is laid 
on the lightness, strength, cleanliness and rustless quali- 
ties of the tubes. 


Floor Mats.—Ten different types of Nuway floor mats 
and matting are described in a catalogue issued by the 
makers, the Nuway Manufacturing Company, Limited, 
Endurance Works, Coalport, Shropshire. The mats 
consist of rubber-impregnated fibre links woven on 
galvanised-steel wire. 


Platinum Electrodes.—Messrs. Johnson, Matthey and 
Company, Limited, 73-83, Hatton-garden, London, 
E.C.1, have sent us their publication No. 1720, entitled 
“* Platinum Electrodes.’’ This contains illustrated details 
of the firm’s range of electrodes for the electrochemical] 
analysis of copper and other metals present in solutions. 
An indication is given of the advantages and limitations 
of each type of electrode. 


Metal-Protective Paint.—Messrs. Griffiths Brothers and 
Company, London, Limited, Macks-road, Bermondsey, 
London, S.E.16, have issued a booklet concerning their 
Ferrodor paint, which, it is stated, is made with an 
incorrodible ore pigment and a special weather-resisting 
vehicle. Photographs are reproduced of the Sydney 
Harbour and other bridges as examples of structures 
maintained and protected with Ferrodor paint. 


Air-Insulated Metal-Clad Switchgear.—Details of the 
air-insulated metal-clad switchgear made by them for 
ratings of 75, 100 and 150 MVA at 6-6 or 11 kV are given 
in a pamphlet issued by the English Electric Company, 
Limited, Queens House, Kingsway, London, W.C.2. 
The assembly comprises a cylindrical-tank type circuit- 
breaker, with a maximum current rating of 800 amperes, 
in which the contact arrangement is of the de-ion grid 
design. 

Back-Up Rolls.—Messrs. Sir W. G. Armstrong Whit- 
worth and Company (Ironfounders) Limited, Close 
Works, Gateshead-upon-Tyne, have sent us a leaflet 
dealing with their Closeloy back-up rolls for use in 
four-high rolling mills. Dimensions of the rolls of this 
type manufactured by the firm have ranged from a 
diameter of 5 in. and a barrel length of 5 in. to a diameter 
of 56 in., a barrel length of 91 in., and a finished weight of 
39% tons. 


Overhead-Line Material.—A complete and _ well- 
illustrated catalogue dealing with overhead-line and 
current-collection equipment for electric traction has 
been issued by Messrs. Wiseman and Company, Limited, 
Glover-street, Birmingham. It covers rigid suspension 
sets, trolley and sipper collectors, frogs, crossings and 
section insulators and pole and span fittings. Informa- 
tion regarding fittings for electric cranes and mine loco- 
motives is also included. 


Diesel Engines.—The latest range of Petter Super- 
scavenge Diesel engines is described in a catalogue issued 
recently by Associated British Oil Engines, Limited, 
32, Duke-street, St. James’s, London, 8.W.1. These 
engines operate on the Kadenacy system and the cata- 
logue describes, with the aid of coloured diagrams and 
reproductions of photographs, the complete range of 
industrial and marine engines, the latter including both 
main and auxiliary types. 

Nylon Ropes.—An attractive publication, entitled 
**Ropes Made From Nylon,” has been received from 
British Ropes Limited, Synthetic Cordage Section, 
Leith, Edinburgh, 6. It consists of a report on the 
characteristics, physical and mechanical properties, and 
typical applications of Nylon ropes and cordage. Illus- 
trations show the firm’s Viking Nylon rope in use for 
mooring and towing vessels at sea and gliders in the 
air, for making trawler fishing nets and parachute cords, 
and in the form of ropes for power transmission. 


" Pneumatic Conveying and Dust Collecting.—A booklet 
No. 6502, published by the Sturtevant Engineering 
Company, Limited, Southern House, Cannon-street, 
London, E.C.4, describes typical installations for removing 
dust and for conveying light particles by pneumatic 
means. Dust-removal systems are used in machine 
shops, foundries, food factories, etc., and pneumatic- 
conveying systems are used for esparto grass in paper 
mills, sugar beet, chemical compounds, and many other 
materials. 


Industrial and Scientific Instruments.—A booklet, 
designated List B 19, containing a representative selection 
of illustrations and descriptions of their industrial and 
meteorological instruments, has been issued by Messrs. 
Negretti and Zambra, Limited, 122, Regent-street, 
London, W.1. The data relate to mercury-in-steel and 
other thermometers, pyrometers, potentiometers, hygro- 
meters, draught gauges, pressure and tank gauges, 
temperature and pressure controllers, humidity con- 
trollers, barometers, and aircraft and other instruments. 








form, are provided. 


Useful conversion tables are also. included. 
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FRICTIONAL FORCES IN 
DIAL GAUGES. 
. . By C. F. Broucz, MSc. 


!~ the examination of dial gauges for dial indica- 
tors of the which are mounted on a surface 
gauge and mainly for the levelling of surfaces, 
(these have @ scroll mechanism and are illustrated 
in Fig. 3, herewith), it was found that there was a 
“ stickiness” in the movement of the plunger or 
anvil; in some cases, so definite that the plunger 
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the dial. It was found that the movement of the 
plunger depended on the rate or method of applying 
the force to the plunger. For example, in one gauge 
a be ke aa 
plunger just moved. it. slight on the 
dial-of the gauge, ioivine, ale Pong 
move through its full range. Thus, the gauge 
register zero or maximum for 
load, depending on how it was 


various typical gauges would be of value. 





would not return to its rest position; after the 





The gauges investigated are listed‘below in Table I. 
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release of pressure on the plunger. In other cases, 
the only evidence of it was the rather jerky motion 
of the pointer on the dial as the sure on the 
plunger was varied. This stickiness did not affect 
the calibration of the dial gauge using slip gauges, 
but it would affect its use in testing concentricity. 
Examination of various gauges showed that the 
defect was evident in all, in varying degrees. 

To obtain a definite measure of this stickiness, 
different dead loads were applied to the plunger of 
& gauge and corresponding movements of the 


Nos. 1 to 6 weigh about 10 oz. or more and are of the 
type illustrated in Figs. 1 and 2, herewith. These 
havea gear mechanism. Nos. 7 to 12 are dial gauges 
or indicators weighing about 2 oz., of the type illus- 
trated in Fig. 3. These have a scroll mechanism. 
No. 13 is a comparator which has both mechanical 
and optical magnification and is illustrated in 
Figs. 4 and 5, on page 170. It was included as a 
matter of interest. A balance beam with steel 
knife edges and having certain features which made 
it suitable for use in applying known loads to the 





plunger were noted, as indicated by the pointer on 





plungers of dial gauges, was used in the investiga- 








tion, It is illustrated diagrammatically in Fig. 6, 
on page 170, and appears also in Figs. 1, 2, 4 and 5. 

The essential features of the testing equipment 
are as follows. A point Aon the arm of the beam, 
on which the plunger of a gauge bears, so that, if a 
load W is a atone end, the arms of the balance 
being the upward force on the plunger P is W. 
A screw M, enables the load on the plunger of a 
gauge to be made greater than the nominal load W 
and then gradually returned to the nominal value. 
In the same way, the screw M, enables the load 
on the plunger to be made less than W and then 
gradually allowed to return to the nominal value. 





The position of balance of the beam is indicated by 
the scale S. The sensitivity of the balance was 
about 0-01 oz. per scale division, which was ample 
for this work. It was found that the error intro- 


TABLE I.—Gauges Examined. 

















Value of 
Range of No. of | Diameter 

Smallest ‘ 

No. Plunger Revolu- 
| = (in.) tions. (in.). fication. 
1 0-001 0-250 2 2 80 
2 0-001 0-076 2 2 | 260 
3 0-000 5 0-125 2 2 160 
4 0-000 1 0-026 2 | — g00 
5 0-000 1 0-011 2 2 | 1,570 
6 0-000 1 0-026 2 4 1,260 
7 0-001 0-028 1, 1 | 180 
8 0- 000+ 5 0-032 1j 1¢ | = 160 
9 0-000 1 0-008 1 1 390 
10 0-000 1 0-008 1 1 | 390 
11 0-001 0-025 1 1 | 180 
12 0-001 0-025 1 1 130 
13 | 0-0001| 0-006 os oie | 970 








duced by the plunger of a dial gauge not being 
vertical is negligible if it is set carefully by eye. 
The small dial indicators, of the type illustrated in 
Fig. 3, were used with their indicator styles hori- 
zontal. 

To obtain a measure of the frictional forces, the 
following procedure was adopted. A load Won the 
pan at one end of the balance arm was exceeded 
temporarily by applying the control screw M, to 
this end; and then the screw M, was released 
gradually so that finally the nominal force on the 
plunger was still W. The dial reading was then 
noted. Secondly, with the load W on the pan, the 
dial was lightly tapped until the reading on the dial 
was stable, and this reading was noted. Thirdly, 
the force W on the plunger of the gauge was removed 
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temporarily by use of the control screw M, on the 
other end of the balance, and then the screw M, 
was gradually released so that, finally, the nominal 
force on the plunger was still W. The corresponding 
dial reading was then noted. 


gauge; thus three distinct sets of readings were 
taken for these three methods of applying the force. 
These methods may be designated for convenience 
by A, B and C, respectively. Assuming that tapping 
the dial gauge eliminates the friction in the instru- 
ment, the differences in dial reading between each 
set of readings is a measure of the friction. By 
plotting readings against the measuring force 
applied, as shown later, the friction can be measured 
in terms of readings or force. The reading obtained 
for any particular load, applied by one of the 
methods mentioned above, varied considerably. 
This was due, no doubt, to the unavoidable varia- 
tions in rate of applications of a load, and to the 
lack of “ repeatability ” of the instrument under 
such sensitive conditions. By taking a. large num- 
ber of ings, however, it can be seen from the 
graphs that a fairly reliable estimate of the frictional 
forces can be obtained. 

In the case of the indicators Nos. 7 to 12, there is a 
reversing lever on each gauge which enables it to 
register with the indicator moving either up or 
down. Tests made with the lever in both positions 
showed that there is still the same general linear 
relationship between ure and movement of 
plunger in both cases, but that the constant of pro- 
portionality may differ, and the frictional forces 
differ slightly. The frictional forces were also found 
to change when the dial gauge was tested upside 
down. To make ‘sure that the frictional forces 
measured were not due to friction in the balance 
used, one of the gauges with the indicator style was 
examined, using the direct method of weights in a 
pan attached to the style. The magnitude of the 
frictional force using methods A, B, and C, as de- 
scribed above, were of the same order as those found 
using the balance. It was concluded, therefore, 
that the balance method gave a true indication of the 
friction in the dial gauges. 
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The operating or measuring forces* at the begin- 
ning and end of the range of each gauge for each 
of the methods A, B, and C are given in Table II, 
herewith. The movement of the plunger or anvil 
was plotted against force applied to the plunger for 
each gauge under the conditions in each of the 


TaBLE Il.—Ezperimental Results. 


GAUGES, 
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direction for each force applied, and the mean of all 
the measurements taken. This mean frictional 
force was then reduced to a percentage of the maxi- 
mum operating force in method B, for each gauge, 
so that comparison of the friction forces in different 
gauges was possible. The maximum variation from 


TaBLE’ III.— Mean Percentage Force and Friction. 


















































“ The, AC . 
ae ee Variation from 
Operating Forces, Oz. , Seeie * 36 eae. . M.P.F. 7: 
ait Start of Finish of Full Rangs TT. a9 
} 5 : £7 MW, 
aan, Range: Mo. | Range : Bl aB. | OB. | AB. | CB. 
: pit (on.) 
No/2nee) 4. |] B.} oO} a. | Be] OA} BO |G ; 
3 > 1 | 0-250 4-9 8-0 6-7 0-3 0-3 
: he ‘ 2 | 0-760 3-3 |, 6-4 13-0 1-1 2-5 
1 0-356) 1-8 1-6 3-8 s¢ ‘8 Ht $-4) 8-5 3-8 3 | 0-125 4-0 8-7 6-9 0-7 2-4 
21 0- . ° . ° ° ° +2] 1- : r 
. . . . " . : . : . 4 | 0-026 4-4 17-8 30-9 5-8 5-2 
3 | 0-125] 1-9 | 2-3 | 2-5 | 3-6 | 4-0 | 4-3 | 1-7) 1-7) 1°8 5 }0-011 5-6 25-8 51-7 21 3-0 
4 | 0-026] 2-5 | 3-0 | 4-6 8-5 4-4 5-4 1-6 1:6 o-8 6 | 0-026 4-2 10-4 42-9 8-4 4°3 
5 | 0-011} 2-8 | 3-9 | 6-0 | 3-9 | 5-6 | 8- ‘ ¢ 4 
: . . . . : . . . . 7 | 0-028 1-6 21-7 33-7 4-0 13-2 
6 | 0-026] 3-0 | 3-5 | 4-6 | 8-3 | 4-2 | 6-7 | 0-3) O-7) 2-1 8 | 0.082 1-6 10-6 23-4 1-7 14-0 
7 | 0-028] 1-0 | 1-1 | 1-2] 1-8 1-6 2-3 0-3 os 32 9 | 0-008 0-9 5-0 10-0 8-2 10-0 
8 | 0-032) 1-0 | 1-1 | 1-3 | 1-4} 1- . +4) 0- 
. . : . . . . . . -7| 10 | 0-008 0-6 24-4 88-9 16-9 21-1 
9 | 0-008) 0-3 | 0-4 | 0-5 | 0-8 | 0-9 | 1-2 | 0-5) 0-5) 0-7 11 | 0-085 1-7 22-6 34.1 3-4 13-1 
10 | 0-008] 0-1 | 0-1 | 0-2 0-5 0-6 0-9 o-4 0-5 0-7 12 | 0-025 1-9 26-6 46-6 9-6 11°5 
11 | 0-025) 0-8 | 1-1 | 1-4] 1- ¥ ° ry, . ‘ 
12 | 0-025] 0-8 | 1-3 | 1-8 | 1-5 | 1-9 | 2-8 | 0-7] 0-6] 1-0| 18 | 0-006 11-2 27-7 33-2 0-2 5-2 
: ° ° , +7 [11-2 /14-8 | 2-1) 8-5) 2-5 P 2 is 
op Alias: lagigd Baill acter Sehd this mean percentage frictional force found through- 





























methods A, B, and C. ical results are given in 
Figs. 7 and 8, oppo-ite, for gauges Nos. 4 and 1, 
respectively, and in Fig. 9 for gauge No. 12. 

Using the graphs in Figs. 7, 8 and 9, the spacing 
of the three curves was measured in a horizontal 


* These are often referred to as measuring or operating 








out the full range of the gauge was also calculated. 
For example: for dial gauge No. 1, a force of 
82 gm. wt., or 2-9 oz. wt., applied to the plunger in 
method B, gives a reading on the dial of 0-100 in. 
To obtain the same reading in method A, a force of 
about 71 gm. wt., or 2-5 oz. wt., is required. The 
frictional force (A-B) is, therefore, 0-40 oz. wt. 
The maximum working force in method B (M.W.F. 





pressures, but, strictly, forces and not pressures are being 


in Table II) is 4-9 oz. wt.; hence, the percentage 
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friction force is 8-0. The results for the mean 
percentage friction and the maximum variations 
from this figure, are given in columns 4 and 5, 6 and 
7, respectively, of Table III, (A-B) results being 
obtained from the spacing of the A and B graphs 
and the (C-B) results from the spacing of the C and 
B graphs. 

The dial gauges tested were selected from avail- 

able stock, so that gauges of varied accuracies, 
range, and ing forces and type were examined. 
The spacing of the curves show the frictional effects ; 
for example, in gauge No. 4 the plunger has moved 
through its full range with a force applied to it by 
method B which, if applied by method C, does not 
even make the move. Excluding the begin- 
ning and end of the range-of movement, the relation 
between operating force and movement is linear. 
The of points plotted vertically for any one 
value of force plotted horizontally is an indication 
of the variation in pons obtained. 
- Dial gauges Nos. 7 to 12 show much greater 
departures from the linear relationship between 
operating force and movement than dial gauges 
Nos. 1 to 6. This is due to the frictional forces 
varying at different parts of the range. A definite 
sticking in the movement occurs in some cases, as 
is illustrated in gauge No. 12 by the C curves in 
Fig. 9. No. I curve is obtained by deliberately in- 
creasing the rate of application of force to overcome 
the persistent stickiness and No. II curve by applying 
force in the normal way for method C. It is to be 
noted that the gauges which show greater varia- 
bility of friction forces are those having the scroll 
mechanism; gauges Nos. 5 and 6, with gear 
mechanism, showed variability of friction forces 
comparable with the scroll-mechanism type. Both 
of these had very high magnifications. Excluding 
these two, the frictional forces for the gauges having 
gear mechanisms were much more constant. The 
graph in Fig. 10, herewith, shows the close correla- 
tion of the frictional force with the magnification for 
gauges of the same make and type. 

The investigation showed that the frictional 
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forces in a dial gauge may amount to as much as 
50 per cent. of the maximum operating force on the 
gauge, as measured when the gauge is lightly tapped. 
The effect of this friction on the dial reading is such 
that the reading may range from zero to beyond the 
maximum range of the gauge for the same operating 
force, depending on the manner in which this force 
is applied. For gauges of the same maker and 
type, the frictional forces are directly proportional 
to the magnification. Calibration of the gauges 
shows that the accuracy of reading in 
measurement is not affected by these frictional 
forces, provided that the gauge is always used in the 
same way. 

The “stickiness,” or variability of the frictional 
forces, however, is & defect if the gauge is used for 
small movements of the plunger. Mea- 
surements taken on a surface with the type 
of gauge illustrated in Fig. 3 show that it will mea- 
sure a rise in height, but not always a fall in height, 
with accuracy. Gentle tapping of the dial improves 
the behaviour of the gauge, and this is just a means 
of eliminating friction. If the operating force for a 
dial gauge is to be stated with any degree of accuracy 
in a specification, it would be necessary to specify 
how the force should be applied. It would be 
sufficient, however, in testing, to state that the 
maximum 0 force of the gauge, as measured 
when the gauge is lightly tapped, should not exceed 
a certain value. 

The work described in this article was carried 
out as part of the programme of the Division 
of Metrology of the Council for Scientific and 
Industrial Research, Australia. 





JOINTING AND SEALING MastT10,—Messrs. Tretol 
Limited, 12, North End-road, London, N.W.11, inform us 
that they have applied for the patent rights of a new 
jointing, sealing and jointing mastic, which, they state, 
has great powers of adhesion. They add that the 
material possesses high resistance to most acids, alkalis 
and other elements, withstands temperatures as high as 
325 deg. F., and can be overpainted if necessary. 
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Tables of the Bessel Functions of the First Kind of Ordera 
Twenty-Eight Through Thirty-Nine. By the Staff of 
the Computation Laboratory of Harvard University. 
Harvard University Press, Cambridge 38, Massa- 
chusetts, U.S.A. [Price 10 dols.]; and Oxford 
University Press (Geoffrey Cumberlege), Amen House, 
Warwick-square, London, E.C.4. [Price 55s. net.) 

Tuts volume, the tenth in the Annals of the Com- 

putation Laboratory of Harvard University and 

the eighth of the set of Tables of the Besse] Functions 
of the First Kind, follows its immediate predecessor 
at an interval of only nine months. The computa- 
tion was carried out, as in the previous volumes, 
on the automatic sequence-controlled calculator 
presented to Harvard University in 1944 by the 

International Business Machines Corporation, and 

now installed in its new quarters. The necessary 

control tapes fer the machine were prepared under 
the direction of John A. Harr, who also supervised 
the preparation of the manuscript for publication. 

Details of the method whereby the calculator effects 

the computation, having been described in the in- 

troductions to Volumes ITI and V of the Annals of 

the Computation Laboratory, are not repeated. 
Values of three functions to ten decimal places 

appear on each page, the argument extending to 

99-99 for each function and the interval of tabula- 

tion being 0-01 except on pages 3, 183, 359 and 530, 

where the increase of the functions at the outset is 

sufficiently slow to justify the tabulation of a few 
of the initial values at irregular intervals. The 
functions of orders 28, 29 and 30 are tabulated on 

pages 3 to 180 with J,, (x) starting from z = 9-99, 

Je, (x) from z = 10-64 and J,, (x) from z = 11-31 ; 

and those of orders 31, 32 and 33 are tabulated 

on 183 to 356 with J,, (x) starting from 7 = 

11-98, Jy, (x) from x = 12-67, and J,, (x) from z = 

13-36. Those of orders 34, 35 and 36 are tabulated 

on 359 to 528, with J;, (x) starting from z = 

14-05, Js, (x) from x = 14-76 and Jy, (x) from z = 

15-45; while those of orders 37, 38 and 39 are 
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tabulated on pages 530 to 694 with J,, (x) starting 
from 2 = 16-19, Js, (x) from x = 16-91 and Jy, (x) 
from z = 17-64. 

Eight volumes of this monumental undertaking 
have appeared so far, and the uniformly high 
standard of legibility and reliability maintained 
throughout render them indispensable to a wide 
circle of users of Bessel Functions, both in pure and 
applied science. The contract between the Bureau 
of Ordnance and Harvard University involves the 
tabulation of the Bessel Functions of the First Kind 
for all positive integral orders up to 100 and work 
on it is being continued as rapidly as priorities on 
the use of the calculator will permit. If progress 
at the same rate can be continued, it will not be long 
before the complete tabulation becomes available. 





Crystals and X-Rays. By Dr. K. LONnsDALg, F.R.S. 
G. Bell and Sons, Limited, York House, Portugal- 
street, London, W.C.2. [Price 21s. net.] 

Dr. Lonspa.z is one of the foremost authorities on 

the elucidation of crystal structure by X-rays and 

in this book, based on a course of public lectures 
given at University College, London, she has sum- 

marised the essentials of her long experience into a 

broad and balanced survey. Though X-rays were 

discovered by Réntgen in 1895, their principal 
application for nearly 20 years was to medical 
radiography. During that period, they contributed 
little to knowledge of the solid state which, as Dr. 

Lonsdale points out in her historical introduction, 

was both vague and fragmentary. The beginning 

of X-ray spectroscopy and crystallography dates 
from 1912 when Laue realised that the linear se 

tion of atoms in a crystal must be of the order of 

1 to 2 A and that, if X-rays were electromagnetic 

waves, their wavelength should be of the same order, 

so that they should be capable of being diffracted 
by a crystal lattice acting as a three-dimensional 
grating ; this was, in fact, promptly confirmed by 

Friedrich and "3s experiments. Shortly 

afterwards, Sir Wi Bragg began work with 

his ionisation spectrometer and, in collaboration 
with his son, Sir Lawrance Bragg, developed two 
main lines of investigation, namely, the determina- 
tion of crystal structure using X-rays of known wave- 
length (X-ray crystallography) and the determina- 
tion of X-ray emission and absorption wavelengths 

(X-ray spectroscopy). From then on, English 

physicists have played a leading part in analysing 

progressively more complicated crystal structures. 

X-rays are generated when high-speed electrons 

strike the atoms of any element, and the first section 
of Chapter II deals with their nature and 
with the continuous spectrum that is always present 
and with the line spectrum, characteristic of the 
target moran that accompanies it when the 
energy of the bombarding electrons exceeds a 
critical value. Useful hints are given on measuring 
the relative intensity of diffraction effects by the 
new and promising Geiger counter method, as well 
as by the older photographic method. The other 
section on the selection and installation of X-ray 
equipment is thoroughly practical and will be 
invaluable in sparing the inexperienced from gaining 
their experience by making mistakes. Dr. Lonsdale 
defines a crystalline substance as “‘ one in which the 
internal atomic or molecular arrangement is regular 
and periodic in three dimensions over intervals 
which are large compared with the unit of periodi- 
city” and devotes an important chapter to the | °° 
geometry of crystals. Methods of drawing 
and projection are explained and illustrated, though, 
unless the reader has an exceptional capacity for 
geometrical visualisation, the more intricate struc- 
tures are likely to become clear only when a model 
is constructed. The standard X-ray methods for 
determining the system, class, Bravais lattice and 
space group of a crystalline substance are considered 
in turn and the advantages of the reciprocal lattice 
in geometrical structure determination is pointed 
out. 


Once the space group has been deduced, the | POTt# 


number of atoms in the unit cell can be ascertained. 
Their location, however, depends upon intensity 
measurements and the latest techniques for the 
purpose are described. Many factors affect the 
intensity and Chapter V begins by showing how 


pare- | problems 


contributions from the electrons associated with a 
single atom are taken into account and, finally, how 
the structure factor, i.e., the sum of the scattered 
waves from all the atoms in the unit cell, can be 
calculated. The determination of crystal structure 
would be straightforward were it possible to measure 
both amplitude and phase of the resultant waves 
scattered in any direction. Generally, however, the 
investigator has no option but “to make the best 
guess. he can at the atomic arrangement, calculate 
what scattering effects such a structure would give, 
compare the calculated with the observed intensities 
and positions of the spots or lines on the X-ray 
photographs and judge the correctness of his guess 
by the measure of agreement obtained.” Certain 
clues to structure determination are available and 
are discussed, together with methods of checking a 
proposed structure by Fourier synthesis or by optical 
devices. Various causes complicating the measure- 
ment and interpretation of X-ray reflection intensi- 
ties are considered in Chapter VI. Among them 
crystallite size, crystal texture and structure imper- 
fections are of practical concern in governing the 
strength, hardness and malleability of engineering 
materials, while the thermal vibration of atoms is of 
considerable theoretical interest. 

X-ray crystallographic methods have many strik- 
ing achievements to their credit and some of these 
are dealt with in the concluding chapter, which might 
profitably be read at the outset as well as at the 
end. They have given the physicist an insight into 
the solid state and provided him with the most 
accurate values of two of the fundamental constants 
of atomic physics. They have solved many of the 
formerly perplexed the chemist, and 
promise to supply a routine technique for the 
identification of chemical elements. They have 
helped the mineralogist and the metallurgist by 
elucidating mineral, metal and alloy structures, 
while they are beginning to promote major ad- 
vances in biology. The author’s is to show 
industrial, administrative and technical staffs the 
possibilities of such methods and she accomplishes 
it admirably. Her text contains a surprising 
amount and variety of information, including 
recently developed methods and their applications. 
It is commendably free from misprints, the two 
minor ones on pages 2 and 133 being obvious, while 
the T, that a instead of T* on page 150 is 
not likely to prove misleading. The book is abun- 
dantly illustrated with clear diagrams and well- 
chosen plates. 





Nineteenth Century Railway Carriages. By HAMILTON 
ELLs. Modern Transport Publishing Company, 
Limited, Norman House, 105-109, Strand, London, 
W.C.2. [Price 21s.] 

Ar the present time, when the familiar liveries of 

the former British railway systems are in process of 

supersession by new colour schemes which, at first, 
are at least as likely to irritate as to charm the 
travelling public by reason of their novelty, it is 
well to be reminded of the many changes in form, 
colour, materials and appointments that passenger 
stock has already exhibited in these islands; if 
the survey does not positively placate the die-hards 
who always prefer things as they were, it may induce 
a tolerant reflection that as, in the past, a decided 
majority of the innovations have been definite 
pt ther perhaps history may be trusted to 
itself once again. Mr. Hamilton Ellis’s 
lech bonk steht go tr 10 promote such a philo- 
sophic outlook. It is worth buying for the illus- 
trations alone ; but it embodies also a wealth of 
factual detail, extending even to anecdotes of 
individual coaches and of such curious evasions 
of the obvious course as the experiment with 
luminous paint as a method of interior lighting, 
tried on the London and North Western Railway 
nearly 70 years ago. Mr. Ellis does not mention 
the practice of some Victorian passengers of carrying 
their own candles; we have an impression that 
ble “ candle-sticks ” were on sale, for fixing 
to the windows by means of rubber suction cups. 





GERMAN ImpoRTs OF SWEDISH ORE.—It is announced 
from Germany that The Joint Export-Import Agency has 
purchased 2,800,000 tons of Swedish iron ore, to be 
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Tue Minister of Supply, Mr. G. R. Strouss, 
speaking at the Weybridge aircraft works of Messrs, 
Vickers-Armstrongs Limited on September 2, 1948, 
said that there was no doubt that Britain was 
reducing the lead in civil aircraft which the United 
States secured during the war, and that, when the 
new types were in full production in the early 1950's, 
we should lead the world. The occasion was the 
demonstration flight of the four-engined jet-pro- 
pelled Vickers Viscount, which has exceeded the 
performance required of it under the original plan 
to use it as a replacement of the Viking on medium. 
range routes. With the decision to replace the 
Viking by the Airspeed Ambassador, however, the 
Viscount will now be used for experimental purposes 
and will pave the way for the first all-jet commercial 
passenger-carrying transport. The Avro Tudor VIII, 
ordered by the Ministry of Supply for experimental 
purposes, and particularly to study the problems of 
high-altitude flying, flew for the first time on 
September 6, and is the first British aeroplane to 
use four straight jet engines. The Hermes IV, the 
40-seater air liner to go into service on the Empire 
routes of British Overseas Airways Corporation, 
and claimed by its makers, Messrs. Handley Page, 
Limited, to be Britain’s fastest air liner, made its 
first flight at about the same time. The“ eight- 
engined Bristol Brabazon, designed to carry 100 
passengers non-stop from London to New York, 
is now structurally complete and is expected to be 
ready for flight trials early in the spring of this year. 
Work on the three prototypes of the Saunders-Roe 
8.R.45, which is almost certain to achieve the dis- 
tinction of being the first turbine-powered air-liner 
flying boat, is so far advanced that the first is 
expected to fly in 1950, the second probably later 
in the year, and the third in 1951. 
inst this , however, must be set a 
good deal of trouble. The Brabazon and the S.R. 45 
have cost considerably more than was originally 
The estimate of the Bristol Aeroplane 
Company for the two ype Brabazons was 
originally 31. millions. When the Select Committee 
on Estimates reported at the beginning of 1948, the 
estimate stood at 4-16]. millions, and the cost of 
engines and special equipment brought this up to 
5-84. millions. The cost of land, the assembly 
buildings and the runway at Filton, originally 
estimated at 3-41. millions, was re-estimated at 
5-21, millions. In November, Mr. Strauss announced 
that these figures had again been revised ; the total 
cost is now expected to be 11-581. millions, of which 
works services at Filton would account for 5-631. 
millions and the aircraft engines, etc., 5-951. millions. 
The Saunders-Roe S.R. 45 flying boats were origin- 
ally to cost 812,750]. each, exclusive of engines, 
mittee re-examined the matter, it was estimated 
that their total cost would be 5/, millions—3l. mil- 
lions to be borne by the company and the remainder 
(1°31. millions for engines and 700,0001. for research 
and development work) by the Ministry of Supply. 
The constant delays which have attended the pro- 
duction of the Brabazon and the S.R.45 were 
criticised, and the Committee contended that both 
projects should have been put on the Prime Minis- 
ter’s List. In reply, the Government pointed out 
that the Prime Minister’s List gave precedence to 
projects for increasing supplies of coal, gas and 
electricity, but they accepted the recommendation 


accepted that no attempt should be made to recover 
from the British Overseas Airways Corporation the 
full cost of the Brabazon prototype, if and when it 
is put into operational service. 

The unhappy muddle which has attended the 
career of the Tudor II brings out only too clearly 
that all is not well in the field of civil aircraft 
ion. The final report of the Committee 
of Inquiry into the Tudor Aircraft (Cmd. 7478), 
published on July 20, stated that the order for two 





delivered to Western Germany during the year. 


prototypes had been placed in August, 1944, and 
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that the first flew in March, 1946; but that it was 
not until May, 1948, that the first -production 
aircraft went to Bescombe Down to be tested for 
its Certificate of Airworthiness. While the delay 
was partly due to unforeseen technical difficulties, 
it was also due in no small part to the continual 
alterations, mainly in internal layout, upon which 
British Overseas Airways Corporation insisted, but 
for which they accepted no financial responsibility 
as they had not formally accepted the aircraft. It 
was not until January, 1948, that the Ministry of 
Supply assumed this financial responsibility and 
one cause of delay was removed. As a result of 
the continual modifications, the aircraft which 
finally emerged in May offered less advantage over 
current interim types than had been expected. The 
tare weight was 7,650 lb. higher than originally 
estimated, and the consequent reduction in per- 
formance made it impossible for the aircraft to 
comply with the new take-off regulations for 
Class C airfields. Since, moreover, airfields which 
were to have been constructed on the proposed route 
have not been built, it cannot, under existing condi- 
tions, Operate commercially east of Calcutta or 
south of Nairobi. The Committee of Inquiry found 
that, while the designers had accepted the modifica- 
tions proposed by the B.O.A.C. too readily and 
without first insisting upon the penalties involved, 
the primary responsibility for failing to state per- 
formance requirements lay with the B.O.A.C. The 
ultimate responsibility, however, lay with the 
Government departments concerned; it was their 
duty to ensure that performance requirements were 
drawn up and transmitted to the constructors, and 
they had failed to do this. 

In dealing with the Brabazon, the Select Com- 
mittee also criticised the procedure for ordering 
aircraft, and a Committee of Inquiry was subse- 
quently appointed, under the chairmanship of 
Mr. J. Hanbury-Williams. Meanwhile, however, 
the three State-owned air-line corporations set up 
machinery for ordering new aircraft and ancillary 
equipment ‘‘in an effort to guard against the wrong 
type of aircraft being produced.” This consisted 
of @ joint ae committee, under the chairman- 
ship of Mr. N. EB. Rowe, chief of long-term planning 
and research of British European Airways Corpora- 
tion, and was made responsible for agreeing broad 
specifications for new types of aircraft .and for 
assessing the numbers of aircraft needed by the 
Corporatioris and the capital expenditure involved. 
They will. report to the inter-departmental Civil 
Aircraft Requirements Committee of the Ministry of 
Civil Aviation, who are to consult with the Ministry 
of Supply on the selection of firms to design and 
build aircraft, and, after contracts are placed, to 
co-ordinate negotiations with manufacturers to 
cover modification and development procedure. 
The committee will also examine design studies to 
ensure that all technological and other factors are 
fully considered. This system should lead to closer 
liaison between manufacturers and the Corporations, 
and thus ensure that, in the course of construction 
of an aircraft, performance requirements are not 
lost sight of; but it does not alter the procedure 
whereby the Ministry of Supply place contracts 
for new aircraft, and which, cumbrous as it may be, 
has the merit of removing from the shoulders of 
the manufacturers much of the risk entailed in 
the development of a new civil aircraft. Mr. George 
Edwards, chief designer of Messrs. Vickers-Arm- 
strongs Limited, has estimated that a manufacturer 
planning to build a new air liner of 100,000 Ib. 
all-up weight (the Tudor IT weighs 80,000 Ib.) has 
to face an outlay of at least 4J. millions. 

As a result of the recommendation of the Hand- 
bury-Williams Committee, the ordering procedure 
was further simplified, and, in January, of this year, 
it was announced that the Corporations are to be 
permitted to deal directly with manufacturers. 
Development work, however, is still to remain under 
the general control of the Ministry of Supply and 
machinery has been set up to settle the stage in 
development at which a Corporation may place a 
production order. These new methods should ensure 
that the experience of the unlucky Tudor II is not 
repeated. The Tudor II is not, however, to be 
entirely wasted; the Ministry of Supply has 
ordered ten of the 49 originally ordered to be con- 





verted into Tudor IV’s, which will be pressurised 
and used as freighters. Eventually, up to 24 will 
probably be adapted for useful service. The ground- 
ing of the Tudor IV’s after the loss of the Star 
Ariel is not likely to affect future production. It 
was pointed out at the time that full investigation 
had already shown that there was nothing wrong 
with the Tudor TV as a type; they were mérely 
taken out of service until each individual aircraft 
could be thoroughly examined. 

“Tt will be the general policy of the Government 
to require the Corporations to use British aircraft 
types,” stated the Government White Paper on 
Civil Aviation, published in December, 1945. This 
policy accorded well with the need to keep up the 
capacity of the aircraft industry and with the 
necessity to save foreign exchange. Nevertheless, 
considerable dollar expenditure has been incurred 
in the purchase of foreign aircraft ; the Trade and 
Navigation Returns record the importation of 31 air- 
craft in 1946 and 343 in 1947. In January, 1948, 
Lord Nathan, replying to the House of Lords 
debate on Civil Aviation, said that the Corporations 
would be forced to use interim types of British 
aircraft rather than spend dollars on American 
machines, because the Government were deter- 
mined that the British industry must be given the 
opportunity to make up the leeway caused by con- 
centration on military aircraft throughout the war ; 
but, as a result of the disappointment with the 
Tudor, the Government decided to purchase from 
Canada 22 Canadair air liners. This followed upon 
the purchase of five secondhand Constellations. In 
1948, 67 aircraft were imported, making a total 
expenditure in the three post-war years of 4/. mil- 
lions, mostly in dollars. Six Boeing Stratocruisers 
were ordered in 1946 at a price of 12 million dollars, 
but delivery still has not been made. 

Speaking in Farnborough in September, Mr. 
Strauss gave no guarantee that no more foreign 
aircraft would be bought, but hoped that a stage 
had been reached in civil aviation when neither 
economic nor technical considerations would again 
force the Government to depart from the policy to 
“fly British.” The losses of 111. millions sustained 
in 1947-48 by State air Corporations may justify 
the departures from that policy (although factors 
other than the unsuitability of British-made aircraft 
contributed to the losses); but the effects on the 
aircraft industry are serious. A virile and pres- 
perous aircraft industry is not only essential as 
part of the British war potential, but may be a 
valuable earner of foreign exchange. The heavy 
cost of prototype development makes imperative a 
large volume of output to keep prices at a compe- 
titive level, and this cannot be accomplished without 
a sufficiency of home orders. The high cost of 
putting aircraft into production was brought out 
by the experience of the Miles Aircraft Company, 
who, in 1946, re-organised and retooled their factory 
to produce their Messenger, Aerovan and Gemini 
types. These aircraft could not be produced in 
quantity until 1947. Meanwhile, heavy expense 
was incurred in the development of other types of 
aireraft, among which wére the Marathon and 
Merchantman. Heavy initial costs of this sort 
have often been covered in the aircraft industry 
by the manufacture of other products, such as 
aluminium prefabricated houses and household 
appliances, and this has also served to fill up surplus 
capacity, but the Miles Company’s development of 
subsidiary activities was on too small a scale. In 
the end, they were saved from the receiver only by 
giving up aircraft production, concentrating on the 
manufacture of pens and duplicators, and making 
an arrangement with Handley Page, Limited, who 
formed a subsidiary to build a fleet of Marathon 
aircraft, a minimum of 40 of which are on order 
for the Government. The name of Miles Marathon 
is to be retained, and the Miles Company are to 
have a small share of the profits. 

That the total output of civil aircraft was con- 
siderably less in 1948 than in 1947 is apparent from 
Table I, although it must be remembered that 
numbers are not a very reliable guide to output ; 
the total was only 427 for the year, as com 
with 751 in 1947. The figures include aircraft of 
ee types for export, but it is unlikely that 

re has yt rah a decline in this category. The 





downward trend will prebably be arrested in 1949. 
Major J. Freeman, Joint Parliamentary Secretary 
to the Ministry of Supply, at the Chadderton works 
of A. V. Roe and Company, in September, said that 
the Government were doing what they could to 
keep aircraft firms in being: Present orders would 
ensure steady employment for most of the big firms 
for about a year ahead, and projects coming to the 
production stage, if commercially successful, could 
keep them going for a longer period ; but unless 
new orders were forthcoming by the end of 1949, 
there would be a few lean years ahead. The pro- 
jects referred to include the Bristol 175, which was 
designed in 1947 in response to an invitation for 
tenders for a medium-range Empire aircraft. At 


TABLE I.—United Kingdom: Production of Aircraft.* 





























Index of Structure 
Number. Weight.t 
Home and For Home and For 
Export. Export. Export. Export. 
1945 ss ates 71 _ 45 — 
1946—_i!t. a 644 — 135 — 
ee . 761 —~ 155 — 
1948 —iwxt ae 427 304 101 63 
1947— 
October al 75 51 145 85 
November .. 36 29 80 50 
December 61 38 85 50 
1948— 
January 44 28 120 60 
February 48 33 115 60 
31 20 55 35 
April . . 58 42 145 95 
fy 48 23 135 70 
June .. 37 31 95 75 
July .. 40 | 28 130 90 
August 2 6] (8 70 60 
September 27 19 65 50 
October 22 21 71 57 
November 24 18 85 25 
December 26 23 120 80 
* Excluding aircraft of military type, except those produced 
Month 
tT 100 = monthly average deliveries, 


average : 
January to , 1946. 


the beginning of 1948, the Ministry of Supply had 
designs submitted from three firms for an air liner 
for the long-range Empire services. Two of the 
designs, for an aircraft with a still-air range of 
6,500 miles, a payload of 9,000 lb. and a speed of 
300° to 350 m.p.h. at an altitude not exceeding 
3,000 ft., were stated by the Ministry to be “‘ particu- 
larly interesting.” 

For firms concerned with the larger type of air- 
craft, and whose prospects do not depend solely 
upon the demand for civil aircraft, the outlook is 
fairly satisfactory; the de Havilland Company 
even found it necessary to expand their capacity in 
1948, and the Board of Trade announced in May 
that the Government factory at Broughton, Che- 
shire, had been allotted to them for the production 
of aircraft. It is understood that about 3,000 
persons will ultimately find employment there. For 
firms concerned only with the smaller types of 
aircraft, however, the demand has been dis- 
appointing. This is due to such causes as the 
difficulties which have been facing the charter 
companies, lack of demand from the flying clubs, 
and import restrictions on this type of aircraft in 
many countries. One firm have been forced out of 
business ; Messrs. Cunliffe-Owen Aircraft, Limited, 
had to sell the aircraft section of their business 
when, in November, 1947, it was discovered that 
orders received for the Concordia feeder-line aircraft 
would not justify putting it into production. 

There also appears to have been some decline in 
the output of military aircraft in 1948. Air esti- 
mates required the expenditure of only 4-81. millions 
on aircraft and stores in 1948, as compared with 
5-91. millions in 1947. It will not be until the 
current year that the programme for strengthening . 
Britain’s air defences, announced in September, 
1948, as part of the general rearmament plan, will 
have any effect on the industry. To meet the 
modern demands of high performance in both 
bombers and fighters, jet-propelled aircraft are to 
be given priority and it is proposed to double the 
present rate of output. The Air Ministry intend to 
equip all Royal Air Force overseas squadrons, and 
also the Royal Auxiliary Air Force, either with the 
twin-turbine Meteors or the single-turbine Vampires 
with which Fighter Command is already armed. 
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Moreover, new fighters still on the secret list are 
being developed for the Royal Air Force and for 
the Royal Navy. In September, 1948, the Ministry 
of Supply announced that contracts were being 
placed for two types of long-range four-engined 
jet-propelled bombers. Nearly three years earlier, 
an order was placed for a medium-range bomber, 
powered with two turbo-jet engines and capable 
of a speed of about 600 miles an hour (double ti that 
of the Lincoln, the standard R.A.F. piston-engined 
bomber) and also for a longer-range four-engined 
jet-propelled bomber. These new bombers are 
known to be nearing the flight-testing stage. 

There is a considerable overseas demand for 
British jet-propelled aircraft; the Vampire, built 
by the de Havilland Company, is particularly 
popular. Norway, the fifth overseas country to 
select this aircraft for interception and ground- 
attack duties, ordered a substantial number in 
August. Switzerland, in February, ordered 75 
Vampires to the value of 2-25/. millions, together 
with additional Goblin engines and spare parts. 
Sweden has placed two orders ; in 1946, a consider- 
able, but undisclosed, number of Vampires was 
purchased. A licence to manufacture Goblin 
engines in Sweden was also negotiated. Early in 
1948, the second contract was placed ; this was the 
largest order for new aircraft ever placed with the 
de Havilland Company, and is believed to be one 
of the largest export orders in the history of the 
aircraft industry. The de Havilland Company have 
more export orders on their books than at any time 
in their history. Total export deliveries made 
between the end of the war and March, 1948, 
amounted to 7-25l. millions, and unexecuted orders 
at that time were valued at 9-25/. millions. These 
figures are exclusive of direct Government-to- 
Government exports of Vampires, Mosquitoes, 
Dragon-Rapides, Tiger Moths, engines and parts, 
which have amounted to several million pounds. 

The Gloster Meteor is also being sold in substan- 
tial quantities overseas, and foreign exchange is 
accruing from building abroad under licence. In 
August, it was announced that the Fokker aircraft 
works at Amsterdam were to build a number of 
these aircraft for the Netherlands Air Force. The 
Hawker Sea Fury has been adopted by the Royal 
Canadian Navy and the Royal Australian Navy. 
British fighters are also to be supplied to the 
Western European countries under the military 
alliance now in process of establishment ; indeed, 
when the Swedish contract was negotiated, the 
United States expressed the view that Britain 
should devote any available surplus of fighter 
output to the other four members of the Brussels 
Pact. The British reply made it clear that the 
contract in question would not interfere with 
commitments to Western Europe. 

rts of complete aircraft in 1948 were valued 
at 13-41. millions, slightly less than in 1947 (see 
Table II, herewith) ; but when parts and accessories 
are included, exports were probably at a higher 
level than in 1947. Sir Roy Dobson, on the occasion 
of the ninth annual flying display of the Society of 
British Aircraft Constructors, at Farnborough, on 
September 7, claimed that, in 1947, the aircraft 
industry’s exports aggregated 241. millions—about 
half to hard-currency countries. In the first seven 
months of 1948, he stated, exports were at a still 
higher rate, and the proportion of hard-currency 
sales was almost 60 per cent. It seems probable 
that there will be some improvement on these 
figures in 1949. Military types apart, the most 
conspicuous export successes have been achieved 
by the medium and light civil aircraft types. Orders 
on hand for de Havilland Dove twin-engined feeder- 
service were valued at over 6l. millions 
- in March, 1948. This aircraft accounts for a high 
proportion of exports to Argentina, the principal 
export market for: aircraft in 1948. Other civil 
types which are selling well abroad are the Vickers 
Viking and the Airspeed Ambassador; but trade 
has been seriously hampered by import restrictions. 
The case of the Cunliffe-Owen Corcordia has 
already been cited; foreign buyers, although dis- 
playing considerable interest in this aircraft, found 
themselves unable to place orders. 

The interest shown abroad in British aircraft 
was evident at the Farnborough flying display and 


exhibition. The emphasis at this show, where 70 
new aircraft were displayed, was on the “ straight ” 
jet and airscrew-turbine types, in which the British 
aircraft industry has a substantial lead over compe- 
titors, and on which its future depends. The civil 
types on view included the Avro Tudor VIII, the 
Hermes IV and the Armstrong Whitworth A.W. 52 
" Flying Wing,” which appeared in the previous 
year’s show with two Rolls-Royce Nene jet engines 
and in the 1948 show with two Rolls-Royce Derwent 
turbo-jets. Among the rotor aircraft was the Cierva 
Air Horse, equipped with three main rotors, which 
can carry 24 passengers; the Cierva two-seater ; 
the Bristol 171; and the Fairey Gyrodyne, which 
recently set up an international speed record for 
aircraft of its type. Military aircraft on show 
included a new type of experimental jet-propelled 
fighter, the E. 38/46, powered by a Rolls-Royce 
Nene turbo-jet engine ; this machine is described as 
having a speed “far in excess of 600 m.p.h.” 
Another fighter was a new version of the Gloster 
Meteor, with two Metropolitan-Vickers Beryl turbo- 


TABLE Il.—Unrrep KInepom : 


were not continued in 1948. The chief problem 
besetting the manufacturers of turbo-jet enzines 
has been the difficulty of manufacturing blacies, 
both for the turbine and the compressor, in sufficient 
quantity. The lost-wax process, widely used in 
America, is coming into more general use in Brit..in, 
and this should make possible a substantial increase 
in output in the near future. A method of machining 
blades at a faster rate than hitherto has also been 
developed by one firm. 

The high quality of British engines has been 
demonstrated by a series of tests conducted at the 
request of Air Marshal Sir Alec Coryton during the 
year. In August, the de Havilland Goblin Mark II 
jet engine, of the type fitted to the Vampire fighter, 
was subjected to what was described by the de Havil- 
land Company as the stiffest test yet attempted by 
any piston or gas-turbine engine; it consisted of 
234 cycles, each of 65 minutes’ duration, in which 
combat flight conditions were simulated. The 
engine put up a remarkable performance and it was 





decided to double the duration of the run. Even 
EXPORTS OF COMPLETE AIRCRAFT. 














Number. Value (£1,000). 
1938. 1947. 1948. 1938. 1947. 1948. 
Eire ms ‘ “f bbe, ae ie. a 30 7 — 457 7 
Union of South Africa .. ke i dé 36 82 64 25 646 | 542 
Southern Rhodesia 9 be v0 ond — 12 10 o> 167 170 
India, Pakistan, etc. .. ae > ae 12 28 76 15 740 935 
New Zealand... a pe * au 48 80 30 61 491 355 
Canada .. Sg 9 a ie a4 — 20 97 co 289 1,312 
Other British countries ae ian ow 91 73 64 354 369 632 
Sweden .. Js a iN si Gd 24 59 31 154 958 - 236 
Norway .. ae = wa ee “a _ 74 23 — 402 366 
Denmark yo 4 SS oe a = 59 82 — 352 67 
Belgium .. po ob ‘gi ve Pel 17 162 117 191 597 551 
France .. ¥ ee 96 oid ws 32 88 68 60 687 —w 675 
a “84 104 25 149 $28 146 
e 4 2 46 
Pan ae - ~ an a ae a 106 32 216 217 
Turkey .. : bs 7% y- Ef 15 302 75 253 1,902 426 
. os o* és —_ 117 127 _ 3,387 4,082 
Other foreign countries a ne oe 197 215 1,200 1,614 2,696 
Total ie ov dei 506 1,720 1,005 2,462 13,724 13,426 























TABLE III.—Untrep Kinepom: Exports OF ENGINES FOR AIRORAFT. 























Number. Value (£1,000). 
1938. 1947. 1948. 1938. | 1947. | 1948. 
Eire st 008 385 as hae 39 50 tai 136 162 
India and Pakistan a 61 42 95 0 | 131 238 
Australia aa 42 94 56 39 276 116 
Canada PAIS OY Ged tae 146 182 111 157 | 990 520 
Other British countries | as ike ae 114 196 198 134 375 471 
Soviet Union ‘ as we ce —- 55 as -- 277 —_ 
Sweden _ 86 11 _ 291 104 
Spain _ 49 10 — 105 
Italy _ 52 65 _ 135 118 
Turkey = 120 7 am 311 12 
United States = 25 1 a 106 
Argentina ef rf. rs 168 278 — 175 624 
Other foreign countries 509 622 463 803 732 754 
Total 862 1,630 1,345 1,173 4,040 3,207 

















jet engines. Among the bombers was the Avro 
Lancaster, with two Rolls-Royce Avon turbo-jets, 
believed to be the most powerful engine in the world. 

Apart from complete aircraft, the jet engines 
themselves have been earning for Britain a sub- 
stantial amount of foreign currency from licences 
to manufacture abroad, as well as from direct 
exports. The drop in exports from 4-0l. millions 
in 1947 to 3-21. millions (Table III) is probably to 
be accounted for partly by the increase in manu- 
ing facilities for these engines overseas. At 
the end of 1947, production of the Rolls-Royce 
Nene turbo-jet engine was begun at the Melbourne 
factory of the Commonwealth Aircraft Corporation. 
Initial production provided for the construction of 
60 engines for Vampire fighters. In April, it was 
announced that the Argentine Government had 
concluded’ an agreement whereby the Rolls-Royce 
Derwent was to be manufactured under licence at 
Cordoba. In August, it was reported that the 
Pratt and Whitney division of the United Aircraft 
Corporation of the United States were to begin 
manufacture of turbo-jet engines under licence 
from Rolls-Royce Limited. A turbo-jet engine’ 
already perfected by United Aircraft incorporates 
several Rolls-Royce patents, from which that firm 
derives royalties. Deliveries of jet engines to 





Russia in 1947, under an agreement made in 1945, 





at the end of this, the engine was giving the same 
output as at the beginning of the test. The per- 
formance of the Armstrong Siddeley Mamba pro- 
peller-turbine aero-engine evoked a ‘tribute from 
the Minister of Supply when it completed a 500-hours 
sealed endurance test, the equivalent of 150,000 
miles of flying, without any major servicing. Another 
engine to complete successfully an official test was 
the Bristol Theseus airscrew-turbine. 

The aircraft industry is not yet out of the wood. 
On the side of civil aircraft production, the transi- 
tional stage is not yet over, and the leeway which 
resulted from the concentration on military types 
during the war has not yet been made up. As a 
tesult of the research and development Sete now 
being undertaken, however, British aircraft may 
well lead the world in a few years. Meanwhile, 
the industry has an important contribution to make 
with the types already in production. In the large 
aircraft class, Britain is handicapped, but the 
medium and light types, such as the de Havilland 
Dove, Vickers Viking and Airspeed Ambassador, 
should continue to sell well abroad. On the military 
side, the defence programme will mean a considerable 
increase in output. Since, moreover, British jet 
fighters and bombers are probably in advance of 
anything being produced elsewhere, overseas demand 
is likely to continue at a high level. 
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AERODYNAMICAL BALANCE FOR HIGH-SPEED WIND TUNNEL. 
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AERODYNAMICAL BALANCE FOR 
HIGH-SPEED WIND. TUNNEL. 


We describe below the operation and general con- 
struction of*the aerodynamical balance designed and 
constructed by Sir Howard Grubb, Parsons and Com- 
pany, Walker Gate, Newcastle-on- , 6, for the 
high-speed wind tunnel at the Royal Aircraft Establish- 
ment, Farnborough. The balance is used to register 
the various forces and moments which act on an aircraft 
model being tested in the tunnel, though, before 
commencing the description, a brief reference should 
be made to the tunnel itself. In 1935, that is, before 
the high-speed tunnel was built, a 24-ft. diameter 
tunnel of the open-jet return-circuit type was put into 
service at the R.A.E. for the purpose of measuring the 
principal forces on large-scale models, or on the centre 
portions of full-sized aeroplanes. This tunnel, which 
was described and illustrated in ENGINEERING, vol. 132, 
page 564 (1931), and in vol. 139, page 396 (1935), 
enabled tests to be made in wind speeds up to 115 m.p.h. 
The model being tested was mounted on an aero- 
dynamical balance incorporating the principle of a 
large weighing machine with two independently- 
—e steelyards or weighbeams, and the vertical 
lifting force and the horizontal drag due to air resist- 
ance were measutfed separately and simultaneously. 

Although valuable data were obtained from this 
equipment, the information provided failed to keep pace 
with the growing demands of aircraft designers, or 
with the increasing speeds and performances of actual 
aircraft. Consequently, attention was given to the 
design of a wind tunnel which would enable tests on 
models to be carried out at much higher wind speeds, 
and enable effects of compressibility of the air to be 
studied. The construction of this tunnel, now known 
as the high-speed tunnel, was undertaken in 1939, and 
completed during the war years. It is described in a 
joint paper entitled “The Design and Work of the 
Farnborough H gh-S Tunnel,” which was read by 
Professor A. Thom, Ph.D., and by the director of the 
R.A.E., Mr. W. G. A. Perring, before the Royal Aero- 
nautical Society, and published in the April, 1948, issue 
of the Society’s Journal. Only brief details therefore 
will be given here. Although the tunnel was d 
in part for carrying out tests at Reynolds num 
nearer to those of high-speed flight conditions, its 
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princi urpose was to explore compressibility 
effects at high subsonic speeds by carrying out tests 
on models of reasonable scale. As shown by the 
sketch reproduced in Fig. 1, the tunnel is of the return- 
flow type; the speed of the air in the tunnel, as well as 
its temperature and pressure can be controlled to give 
a range of Reynolds and of Mach numbers, though 
not independently. Wind speeds of 200, 330, and 600 
m.p.h. can be used at air pressures of 60, 15, and 
1-5 lb. per square inch, respectively, and, despite 
the heat generated by air friction, the temperature 
within the tunnel can be kept as low as —5 deg. C. 
by refrigerating plant provided as part of the tunnel 
equipment. The Reynolds numbers which can be 
obtained by increasing the air pressure, however, are 
still well below those of actual flight conditions, but 
the air speed can be made similar to that of flight, 
up to 0-9 times that of sound. Moreover, independent 
tests with varying Reynolds numbers at low air speeds, 
and with different Mach numbers at high 5 
enables allowance to be made for the differences in the 
performance of the model and the full scale aircraft. 

The main structure of the tunnel was built by Sir 
William Arrol and Son, Limited, Glasgow. The outer 
shell is 130 ft. long by 37 ft. in diameter, and is con- 
structed with hollow walls arranged for the circulation 
of cooling brine, the temperature of the air within the 
tunnel being controlled by regulating the circulation of 
the brine. Aligned centrally within the shell is the 
wind tunnel proper. This is shaped similar to a Venturi 
tube, the throat of which is 10 ft. wide by 7 ft. high. ‘The 
model to be tested is stationed and held in the throat of 
the Venturi, this particular portion of the tunnel being 
known as the working seetion. Airis drawn through 
the tunnel by a 16-ft. diameter fan located axially at 
the exit or downstream end of the tunnel proper. At 
this end, the airstream divides, and then returns, in a 
closed circuit to the inlet orupstreamend. Air pressure 
is controlled by two compressors, which can also be 
used a8 vacuum pumps; a unit is also provided to 
maintain steady conditions and to offset leakage. 
Under full-load conditions, 4,000 h.p. is required to 
maintain the air flow, another 300 h.p. is absorbed by 
the refrigerati t; the compressing equipment 
takes a further 900 h.p. 

The aerodynamical balance used with the tunnel is 
housed below the working section in a “‘ dead ”’ space 
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sealed off from the main air stream, as shown in Fig. 1. 
It is a six-component unit of special design which can 
be arranged to give automatically and simultaneously, 
continuous readings of the lift, drag, and lateral forces 
acting on the model, together with the pitching, rolling, 
and yawing moments. The nature of these quantities 
is indicated on the sketch reproduced in Fig. 2, and 
Table I shows the specified accuracy limits wu 

which the detailed design of the balance was based. The 
model being tested is supported by three vertical struts, 
one under each wing, and one under the tail. These 
struts pass through the floor of the working section and 
are fixed to appropriate points on the balance. The 
values of the various quantities being measured are 
transmitted electrically to directly-calibrated meters in 
a remote-control room, from which the model, as well as 
the balance mechanism, can be adjusted. The meters 
can be photographed as and when required, so that per- 
manent records of simultaneous readings can be made. 


TaBLE I.—Specification for Accuracy of Measurements. 











1. 2. a 
Force or Specified 
Moment. Range. Accuracy.® 
Lift force i 4 Ib, to +o Ib, To 4) Ib. 
Drag ,, — ” » + ” » 0-01 
Side ” oo ” » + 400 ” py 0-2 > 
moment | — 500 Ib.-ft. ,, + 600Ib.-ft.| ,,0-1 Ib-ft 
Rolling ”» — 400 » ot ” »» 0°25 » 
Yawing ,, —-500 » w»t ” » O25, 











* Under static conditions, 
In order to check the accuracy and to calibrate the 
balance, the model is loaded statically by means of 
wires kept in tension—the wires being taken over 
pulleys to loaded scale pans. Under these conditions 
the performance of the balance lies well within the 
specified accuracy requirements. 

The exploratory and development work leading to 
the main features incorporated in the balance was 
conducted at the R.A.E., and the detailed design, con- 
struction and installation were carried out by Sir Howard 
Grubb, Parsons and Company, who, in 1935, had built 
the unit for the measurement of lift and drag in the 
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24-ft. diameter tunnel. Each of, the six component 
balances operates in a manner similar to that of an 
ordinary weighbridge, in which the quantity being 
measured is balanced by means of a rider and drop- 
weights attached to a weighbeam arm. The special 
feature of these component units, however, is that 
the adjustment of the weighbeam weights can be 
made automatically, a very small deflection of the 
weighbeam arm from its datum or balance position 
being sufficient to actuate the automatic mechanism 
and to enable a continuous register to be made. For 
descriptive purposes, the balance as a whole may 
be considered in two main sections, the basic or lower 
section, and the upper section, though there are 
several features common to both parts. The basic 
section contains the component ces for the 
measurement of lift and drag, while the upper section 
comprises those for measuring lateral forces, as well as 
the pitching, rolling and yawing moments. The upper 
section is mounted on a horizontal turntable supported 
by the lower section of the balance, and a photograph 
of the complete assembly, as viewed from the upstream 
end, is reproduced in Fig. 4, on this page. 

A simplified diagram showing the principles em- 
ployed for the measurement of lift and drag is given 
in Fig. 3, opposite. In this figure, a represents the 
horizontal lift platform, which carries the turn-table 
(not shown) sw ing the upper section. The three 
struts which support the aircraft model are attached 
to points in the upper section in such a way that the 
lift and drag forces are transmitted to the lift-platform 
without affecting the balance mechanisms in the upper 
section. This platform is hinged to two horizontal 
lift levers, 6 and c; these are equal in length and are 
pivoted from the horizontal drag-frame d. The levers 
are shown linked er by a pin e, which passes 
through overlapping slots f, and is connected to a 
vertical rod g attached to the lift weighbeam-arm h, 
the latter being pivoted from the drag-frame d. This 
frame is attached to fixed supports ro © a Watt 
parallel-motion link-work, which, for displace- 
ments, such as occur in ice, allows the drag-frame 
to move in a given horizontal direction only ; in this 
case, parallel to the axis of the tunnel. A bell-crank 
lever j, pivoted from a fixed support, represents the 


weighbeam and is shown connected to the drag- | limits 


frame by a short horizontal link. 





Fic. 4. Batance rrom Upstream Enp. 


Fig.6. 
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If a lift force (positive or negative) is applied to 
any point on the lift-platform, the lift levers 6 and c 
tend to turn about their fulerum points on the drag- 
frame and to raise or lower the rod g, and thus to 
actuate the weighbeam arm h. The lift force can 
therefore be balanced and measured by adjustment of 
the weights k suspended from this arm. On the other 
hand, the horizontal drag forces which act on the lift- 
platform exercise no turning moment on the lift levers, 
since these are arranged with their axes and fulcrum 
points in the same horizontal plane. Hence the lift 
weighbeam remains unaffected by the drag-forces. 
These, however, are transmitted through the lift levers 
to the drag-frame, and tend to move the latter hori- 
zontally. This action is restrained by the weigh- 
beam j, which therefore enables the magnitude of the 
drag-forces to be measured. Since the drag-frame is 
constrained by the Watt linkwork to move only in the 
horizontal direction already mentioned, the vertical 
forces due to lift cannot be transmitted to j. Hence, 
both lift and drag are measured simultaneously and 
independently. 

From Fig. 3, it will be seen that any bending of the 
linkwork or change in fulcrum levels during test would 
turn the weighbeam arms, and lead to false indication 
of the quantities being measured. Structural com- 
poset, in both the lower and upper section of the 

alance, are therefore made ciently rigid and 
massive to keep the bending deflections within the 
imits im by the specified accuracy requirements. 


It will be noticed that many of the pin-joints er 





pivot-points have to withstand direct loads in more 
than one direction. For example, the pin-joint linking 
the lift platform a to the lift lever 6 not only has to 
withstand a proportion of the lift forces, but has also 
to transmit the drag forces. Hencg, simple frictionless 
knife-edge types of joint or pivot point could not be 
used. Throughout the whole of the balance, all pivot 
points and pin joints were, therefore, made from 
specially arranged steel strips, which will be referred 
to as “ spring-centres.’”” These were miiled from bar, 
hardened to a tensile strength of 100 tons per square 
inch, and then accurately ground. A spring-centre, 
like an ordi flat steel strip, can withstand’ large 
tensile loads (that is, loads in a longitudinal direction), 
as well as large side or shear loads; it can, however, 
withstand only small bending loads. Consequently, at 
least two spring-centres are needed for pivot joints 
which have to carry heavy loads in three mutually 
perpendicular directions, or in a direction which might 
unduly flex a single unit. Such a joint is sketched in 
Fig. 5, on this page ; the two spring-centres a and b are 
set at right angles to each other, and bolted to brackets 
attached to the pivoted members concerned. The 
joint as a whole is flexible about an axis which passes 
through the centre of each unit—in this case, in a 
direction perpendicular to the plane of the paper. 
It should be noted that the joimt can resist direct 
loading in this direction as well as in the directions 
indicated by the arrows. 

The form of joint just described is used to support 
weighbeam fulcrum-points, bell-crank levers, and 
various secon levers. For example, an assembly 
similar to that shown in Fig. 5 is mounted on opposite 
sides of a weighbeam arm, to produce a common hori- 
zontal axis about which the arm can tilt. Four spring- 
centres are needed in such an arrangement, which will 
be referred to as a crossed-spring suspension. A universal 
type of joint, designed to allow for flexure in all direc- 
tions, is shown in Fig. 6. In this instance, as in all other 
cases, the individual spring centres are subjected to 
flexure in one direction only, i.e., in a direction at right 
angles to the longitudinal axis of the strip. When the 
quantities being measured are exactly balanced, the 
weighbeam arms remain in their datum or neutral 
positions, and, theoretically, there is then no flexural 
strain in any of the spring-centres ; in effect therefore, 
the spring-centre assemblies behave as frictionless 
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joints. Moreover, the automatic mechanisms which 
adjust the weighbeam loads and restore the balance 
condition are brought into action, as already men- 
tioned, by very small deflections of the weighbeam 
arms. Hence the energy absorbed the spring- 
centres during flexure is negligibly Mechanical 
stops are provided to prevent damage should any of 
the spring-centres fail under direct . 

The general construction of the lower section of the 
balance is ee the assembly photographs and 
drawings reprodu in Fign. 7 to Li, om this page and 
on 180. The lower section is built on a 
base @ or carriage approximately 11 ft. square. 
This carriage is constructed of 9 in. by 3 in. steel 
channels, and is braced across the corners, and by a 
central channel section which joins the mid-points of 
the upstream and downstream sides. A flat horizontal 
facing, octagonal in shape and about | sq. ft. in surface 
area, is built up on the central channel about 3 ft. from 
the downstréam end; this facing serves as a fixed 
mounting for the fulcrum point of a bell-crank lever in 
the drag-balancing system which will be described later. 
The carriage is fitted with wheels which run on machined 
and accurately levelled rails provided with mechanical 
stops for location p ‘ e wheels are not flanged 
but are guided by rollers bearing on the machined sides 
of the rails; hand-operated chain gearing is used to 
turn the wheels and to move the carriage. When the 
carriage is in position it is lifted off the rails by an 
eccentric mechanism which transfers the weight of the 
balance (about 10 tons) to four screw-jacks. With the 
aid of spirit-level readings, these jacks enable the 
balance to be levelled to an acc of about 5 seconds 
of arc. A pedestal 3 ft. high, one of which is illustrated 
in Fig. 7, is mounted at each corner of the base-frame. 
These pedestals, besides housing the screw-jacks, also 
serve to anchor the upper and lower links of the Watt 
parallel-motion gear from which the horizontal drag- 
frame is suspended. 

The drag-frame is also a rectangular structure. Its 
longitudinal sides, that is, those parallel to the axis of 
the tunnel, are approximately 9 ft. 6 in. long, and are 
built of lattice girder work, which is illustrated in the 
part elevation reproduced in Fig. 10, on page 180. 
This shows the general arrangement of the main struc- 
tural features of the lower section of the balance, as well 
as the mounting of the pitching-moment lever a; 
this lever forms part of the upper section and will 
be described later. A nding plan view is 
reproduced in Fig. 11, on the same The two 
lattice girders of the drag-frame are joined at each 
end by deep-sectioned fish-bellied transverse girders, 
each about 11 ft. long. The drag-frame is also braced 
by channels running across each corner, though in this 
case the channels are joined to the mid-points of the 
four sides. A pair of fish-hellied girders also ran 
longitudinally between the centre portions of the 
transverse girders, being attached to these by vertical 
way which are welded to, and project downwards 
rom, the lower These ayy cemy 5 girders run 
with their centre lines 1 ft. 6 in. the axis of the 
drag-frame, one on each side. Their function is to 





Fic. 8. Drag Frame, Lirr Lever anp Lirt PLatrorm. 
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form a rigid support for one of the fulcrum points in 
the lift system, in much the same way as the central 
channel of the carriage provides a similar support for 
the drag system. At each corner, the drag-frame is 
suspended by a spring-centre from the centre link of 
the Watt parallel-motion gear, photographs of the 
ion being reproduced in Figs. 7 and 8. 

upper arms of the Watt linkwork are rigidly 
connected by tubular bracing, both at the upstream 
and downstream end of the balance. The lower arms 
are similarly braced. In effecty therefore, there are 
only two linkages, one at the upstream and one at the 
downstream end, thus corresponding to the simplified 
layout of Fig. 3! The tubular bracing and the top 
flange of one of the longitudinal girders running across 
the drag-frame are visible in Fig. 8. The upstream 
and downstream movements of the drag-frame due 
to drag are transmitted through a horizontal link 
which joins the downstream girder of the frame 
to the pri end of a bell-crank lever connected 
to the drag weighbeam. This link is adjustable in 
length, the drag-frame end being fitted into a split 
bush which is locked when the link position is set. 
The bell-crank lever is built of tubular steel, and as 
indicated earlier, its fulcrum point is rigidly supported 
from the octagonal facing on the central channel 
of the base-frame. Its secondary end under 
the downstream end girder of the drag- e, and is 
then connected to the weighbeam by means of a 
universal type of spring-centre joint. The drag- 
weighbeam is also mounted from the base-frame ; 
part of this weighbeam mechanism, together with the 
tubular bell-crank lever, are visible on the right-hand 
side of Fig. 8. ; 

Housed horizontally within the drag-frame and also 
visible in Fig. 8, are the two lift levers. These are of 
welded steel; in view, each is V-shaped with 
its apex pointing, as shown in Fig. 11, towards the 
centre of the frame. The legs are pivoted, in one 
case from the downstream corners, and in the other 
from the upstream corners. The apices are flexibly 
linked by means of three spring-centres in 
the same transverse vertical Two of these 
spring-centres are attached to the downstream lift 
lever, while the third, which is located centrall 
between them, is attached to the upstream lever. All 
three are attached to a vertical plate, which is joined 
to a secondary lever in the lift- system, 
referred to later. The horizontal lift-platform, as 





shown in Fig. 8, is also a rectangular steel structure. 
Its central portion is approximately 6 ft. 3 in. long 
by 8 ft. 6 in. wide, with the shorter downstream and 
upstream sides extending to form four parallel arms 
which slope downwards to the corners. The end 
of each arm is attached to and suspended from below 
a lift-lever leg by spring-centres, ings being 
used for the upstream joints which have to transmit 
both and lift. Thus the actual arrangement of 
the lift-platform and levers is somewhat different from 
that shown in the simplified diagram Fig. 3. The lift- 
lever legs actually pass through the sides of the lift 
platform, the compactness of this arrangement being 
clear from Fig. 8. Four machined pads are provided 
on the lift-platform in order to mount the turntable 
which supports the upper section of the balance. The 
turntable, which is 6 ft. in diameter, can be rotated 
through + 25 deg. from mid-position by a motor- 
operated wormwheel. 

The operation of the lift-balancing mechanism can 
be nelly understood by reference to Fig. 9, which is 
more representative of the actual layout than the 
simplified arrangement shown in Fig. 3. In Fig. 9, 
a@ indicates the lift-platform, 5 and c the lift levers, 
and d the drag-frame. The link e which flexibly joins 
the apex of each lift lever, as previously indicated, is 
connested to the primary end of a secondary lever /. 
This has its fulcrum point rigidly supported by the fish- 
bellied girders running longitudinal ly across the drag- 
frame. These girders limit the variations in the fulcrum 
level of the secondary lever to 0-000378. in. (over the 
greatest load variation), and thereby help to ensure the 
specified accuracy of measurement. A universal type 
of spring-centre joint connects the secon lever to the 
lift weighbeam g. This, together with its loading gear, 
is mounted from the fish-bellied girder forming the 
upstream side of the drag-frame. As in other 
instances, helical springs represented by A are used to 
balance the lift system statically prior to a test, the 
spring tension being adjusted by a hand-operated 
lead-screw. In this case, the springs link the secondary 
lever f to the drag-frame d. The use of springs 
instead of weights for static balancing has two effects. 
Firstly, it helps to keep down the-inertia of the system, 
which is unavoidably large because it is determined 
mainly by the rigidity needed to keep the interference 
between component balances within specified limits, and 
also by the mass of the members required to minimise 
bending and distortion. Secondly, the total spring 
stiffness is increased. This slightly reduces the sensi- 
tivity of the balance, but helps to keep the natural 
period of the system within reasonable limits. 

(To be continued.) 





DIFFERENTIAL ELECTRICITY TaRiFrs.—In a written 
answer to Mr. J. Rankin in the House of Commons on 
Thursday, February 17, the Minister of Fuel and Power 
(the Rt. Hon. H. T. N. Gaitskell) said that he believed 
that the differential tariff for domestic consumers had 
helped to reduce the demand for electricity and so to 
diminish the risk of load shedding. 
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CONTRACTS. 


Messrs. L. STERNE AND CoMPANY, LImITED, Sternette 
Works, Hillington, Glasgow, S.W.2, have received an 
order from the Argentine for equipment to be installed 
in domestic refrigerator cabinets which are being built in 
the Argentine. The value of the order is 193,0002. 


ASSOCIATED BRITISH OL. ENGINES LIMITED, Duke’s 
Court, 32, Duke-street, St. James’s, London, 8.W.1, 
have received further orders from the North of Scotland 
Hydro-Electric Board for four Mirrlees “ HF B6 ” six- 
cylinder Diesel engines coupled to 460-kW alternators, 
one Mirrlees ‘“‘ HF BS6 ” six-cylinder supercharged Diesel 
engine coupled to a 685-kW alternator, and one Mirrlees 
“‘HFBT ” seven-cylinder Diesel engine coupled to a 
535-kW alternator. 


Messrs. BALFoUR, BEATTY AND COMPANY, LIMITED, 
66, Queen-street, London, E.C.4, have received a contract 
from the Railway Executive for the construction of a/| sories, 
new double-line tunnel, 3 miles 3 chains in length, at 
Woodhead in the Pennines. The western portal will be 
in Cheshire and the eastern portal in the West Riding of 
Yorkshire, and the tunnel will be situated 100 ft. south 
of the centre-line of the existing westbound tunnel. The 
estimated cost of the main contract exceeds 2,000,0007., 
and the total cost of the scheme, including subsidiary 
works, amounts to approximately 2,800,000. The work 
is to be commenced immediately, and is expected to be | ind 
completed in three and a half years. Sm WILLIAM 
HALOROW AND PARTNERS, consulting engineers, 
ccting om heheabiegiines Padiuay Shenaatbes tx the desks 
and supervision of the execution of the work. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “ Boynton WyYKE.”—Single-screw trawler, built 
by Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for the West Dock Steam Fishing Company, Limited, 
Hull. Main dimensions: 175 ft. (between perpendicu- 
lars) by 30 ft. 6 in. by 16 ft.; gross tonnage, 635; fish- 
room capacity, 15,500 cub. ft. Triple-expansion engines 
of 1,100 i.h.p. and one coal-fired Scoteh boiler, developing 
@ speed of 13 knots, constructed by Messrs. Amos and 
Smith, Limited, Hull. Launch, February 14. 


MLS. “ CRISTALLINA.”—Single-screw cargo vessel carry- 
ng 12 passengers, built by Messrs. William Gray and 
Company, Limited, West Hartlepool, for the Swiss 
Shipping Company, Basle, Switzerland. Second vessel 
of an order for two. Main dimensions : . 300 ft. (between 
perpendiculars) by 46 ft. 10 in. by 27 ft. 6 in. to shelter 
deck; deadweight capacity, about 3,000 tons on a 
draught of 18 ft.9in. Five-cylinder Sulzer marine Diesel 
engine, to develop 2,140 b.h.p., constructed by Messrs. 
Sulzer Brothers, Limited, Winterthur, Switzerland, and 
installed by the Central Marine Engine Works of the 
shipbuilders. Service speed, 12} knots. Launch, 
February 15. 


M.S. “* EXPLORADOR.”—Single-screw oil tanker, built 
and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for the Estrella Maritima S.A. de Navegacién y 
Comercio, Buenos Aires. Main dimensions: 446 ft. by 
54 ft. 3 in. by 31 ft.; deadweight capacity, about 9,000 
tons on a draught of 25 ft.6in. Six-cylinder four-cycle 
Harland-B. and W. Diesel engine. Launch, February 15, 


8.8. “ VinpoRA.”—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for The Atlas Steam Fishing Company, 
Limited, Grimsby. Main dimensions: 182 ft. by 
36 ft. 6 in. by 16 ft.; gross tonnage, about 650 ; fishroom 
capacity, 15,270 cub. ft. Triple-expansion engines and 
one multitubular oil-fired boiler, supplied and installed 
by Messrs. Charles D. Holmes and Company, Limited, 
Hull. Launch, February 16. 


S.S. “ TREGENNA.”—Single-screw cargo vessel, built 
and engined by Messrs. John Readhead and Sons, 
Limited, South Shields, for the Hain Steamship Com- 
pany, a London, E.C.3. 83rd vessel built for these 
owners. Main dimensions: 447 ft. 6 in. by 57 ft. 6 in. 
by 38 ft. to upper deck; deadweight capacity, about 
9,500 tons. Triple-expansion engines in conjunction with 
@ Bauer-Wach exhaust steam turbine and three oil-fired 
boilers. Launch, February 16. 





INSTITUTION OF NAVAL ARCHITECTS.—The Council of 
the Institution of Naval Architects have accepted an 
invitation from the Institution of Danish Civil Engineers 
to hold an autumn meeting, in Copenhagen, with them 
and the Federation of Danish Shipbuilders, from August 
30 to September 2. Provisional arrangements are being 
made by the Institution with the Danish Tourists’ 
Bureau, Limited, 71-72, Piccadilly, London, W.1, regard- 
ing passages to and from Copenhagen, while arrangements 
for hotel and other accommodation in Copenhagen will 
be made with the assistance of the Danish authorities. 


BRITISH STANDARD 
SPECIFICATION. 


Tue following Lace em of engineering interest 
has been issued by the British Standards Institution. 
Copies are obtainable from the Sales 
the Institution, 24, Vi 
the price quoted at the end of the paragraph. 
Handbook of Standards for the Automobile Industry.— 
A recently-published handbook brings together in 
readily-accessible form the British Standard — 
cations of direct interest to the motor-car 
and all concerned with it. Te is designated ‘BS. 
Handbook No. 8, and its p 
of persons who have 


is to facilitate the work 
+ need of standard specifi- 

cations, such as uction engineers, designers, 
tsmen, foremen, storekeepers, and fitters. The 
Dict Aiea ck Ateteet gate ton one 
ional features of component parts and acces 
ne of ~ ss and design 
of aan motor cars ices ; conversion 
tablesare included. In abridged form, the contents com- 
prise 13 automobile standard specifications of the Society 
of Motor Manufacturers and Traders (which publica- 
10 provisional aatomnoblle specications ofthe Bonioty 
19 isi automobi ifications of the iety ; 
10 British - standard ‘iReations i in full, or those 
oe which are of direct interest to the automobile 
ustry ; references to 18 British standard specifi- 
ere| charts; the Society of ee 
tendive o 

America’ standard ee for 

serrations; clauses re 
of bars and fi 
springs, abstracted B.S. Nos. oe 1449, 1408 and 
1429; and references to various British standard 
specifications for aluminium and aluminium alloys, 
bronzes and brasses. The handbook is cloth bound and 
contains 335 Editions, in which will be in- 
cluded addi specifications and improvements on 
existing ones, will be published every two or three 


years. [Price 15s., pel included. } 





BOOKS RECEIVED. 


Rockets and Space Travel. The Future of Flight Beyond 
the Stratosphere. By Witty LEY. Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 18s. net.] 

Turning and Boring Practice. By FRED H. COLVIN and 
FRANK A. STANLEY. Third edition. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 4:75 dols.] McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 28s. 6d.] 

The Inside of Electrical Machines. By R. H. ROBINSON. 
Ernest Benn, Limited, Bouverie House, Fleet-street, 
London, E.C.4. [Price 18s. net.) 

United States National Bureau of Standards. Miscellane- 
ous Publication No. 192. New Advances in Printed 
Circuits. Proceedings of the First Technical Symposium 
on Printed Circuits Held on October 15, 1947, in Wash- 
ington, D.C., under the Sponsorship of the Aeronautical 
Board and Technical Direction of the National Bureau 
of Standards. Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C., 
U.S.A. [Price 40 cents.) 

Building for the People. By RICHARD SHEPPARD. George 

Allen and Unwin, Limited, Ruskin House, 40, Museum- 

street, London, W.C.1. [Price 18s. net.] 

Process and Physical Metallurgy. By Dr. James E. 

GARSIDE. Charles Griffin and Company, Limited, 42, 

Drury-lane, London, W.C.2. [Price 40s. net.] 

Palmer’s Private Companies. Their Formation and 

Advantages and the Mode of Converting a Business into 

a Private Company. 41st edition. By Dr. J. CHARLES- 

WORTH. Stevens and Sons, Limited, 119 and 120, 

Chancery-lane, London, W.C.2. [Price 3s. net.] 

The Law of Landlord and Tenant. By R. BORREGAARD. 

Second edition. Stevens and Sons, Limited, 119 and 

120, Chancery-lane, London, W.C.2. [Price 4s. net.] 

Public Relations and Publicity. By J. H. BREBNER. 

Published for the Institute of Public Administra- 

tion, 18, Ashley-place, Victoria-street, London, S8.W.1, 

by the National Council of Social Service, 26, Bedford- 
square, London, W.C.1. [Price 2s.] 

Introducing Birmingham: England’s Second City. <A 

Guide for Visitors. Public Relations Officer, Informa- 

tion Department, Council House, Birmingham 1. 

[Free.] 

The British Electrical and Allied Industries Research 

Association. Twenty-Highth Annual Report, October 1, 

1947, to September 30, 1948. Offices of the Association, 

15, Savoy-street, Strand, London, W.C.2. [Free to 

approved applicants.] 

Ministry of Works. Post-War Building Studies. No. 25. 

House Construction: Third Report. By an Interdepart- 

mental Committee Appointed by the Minister of 

Health, the Secretary of State for Scotland and the 





Members wishing to attend should return the preliminary 
application form not later than February 28 , 


Minister of Works. H.M. Stationery Office, Kingsway, 


Department of 
London, 8.W.1, at 


PERSONAL. 


Dr. D. G. CHRISTOPHERSON, B.A., S.M. (Harvard), 
A.M.LC.E., Fellow and Bursar of Magdalene College, 
Cambridge, has been appointed Professor of Mechanical 
Engineering at Leeds University, as frem September 1, 
in succession to the late Prorzssor W. T. Davin, M.A., 
Se.D. (Cantab.), D.Sc. (Wales), M.I.C.E., M.I.Mech.E. 


Among the persons elected to be members of the Port 
of London Authority for a term of three years from 
April 1, are Mr. L. H. Botton, Sir GEORGE R. CamMprett, 
K.C.1.E., Mr. G. Hinton, Mr. R. KELso, Mr. W. &£ 
KEVILLE, C.B.E., Mr. E. A. LLoyD, Mr. W. C. Warwick, 
A.Inst.N.A., Mr. P. WHARTON, CAPTAIN Sir I. HamMitron 
BENN, Bt., C.B., D.S.O., Siz CHARLES Davis, Bt., D.L., 
J.P., and Sm Raps I. METOALFE. 


Mr. H. L. SATCHELL, M.B.E., manager of the British 
Thomson-Houston Company, Limited, Rugby Works 
Group, since February, 1945, has been appeinted a 
director of the firm. 


COLONEL R. J. WALKER, O.B.E., R.E., has been 
appointed an inspecting officer of railways in the Ministry 
of Transport. 


On the retirement of Mr. T. MCKERACHER after 39 
years’ service with the Peninsular and Oriental Steam 
Navigation Company, Mr. R. E. WARREN, chief engineer 
of the S.S. Chitral, takes his place as Commodore Engineer 
of the Company. , 


Mr. W. A. A. BurGess, M.I.E.E., Midland Area 
manager for Messrs. A. Reyrolle and Company, Limited, 
Hebburn, County Durham, is retiring on February 28 
after 25 years’ service with the company. 


Mr. JOHN BRADLEY, B.Sc. (Eng.) (Belfast), A.M.I.E.E., 
has been appointed regional superintendent in Latin 
America and the West Indies for British Oil Engines 
(Export) Limited, and for the parent company, the 
Brush Electrical Engineering Company, Limited, 
Loughborough. He will take up his duties early next 
month. 


Mr. L. G. FORRESTER has been appointed sales manager, 
B.M.B. Products Division, Brockhouse Engineering 
(Southport), Limited, Southport. THE BrRiTIsH Motor 
BoaT MANUFACTURING COMPANY, LIMITED has now been 
completely absorbed into Messrs. J. BROCKHOUSE AND 
ComMPaNy, Limirep, West Bromwich. The London 
office at Britannia House, Ampton-street, W.C.1, has 
been closed down and London representation transferred 
to 25, Hanover-square, W.1. 


British Railways, London Midland Region, announce 
that Mr. J. Bia, assistant mechanical and electrical 
engineer, Scottish Region, has been appointed carriage 
and wagon engineer, Derby; that Mr. S. T. CLAYTON, 
district motive-power superintendent, Glasgow (North), 
is to be Assistant motive-power superintendent, Euston ; 
that Mr. J. M. HaRRISsON, architect to the civil engineer, 
King’s Cross, is to be architect, civil-engineer’s depart- 
ment, Euston; and that Mr. G. F. Kent, district 
engineer, Irvine, is to be district engineer, Leeds. 


Mr. Jonn BatLey, who joined Messrs. Brook Motors 
Limited, Empress Works, Huddersfield, as a draughts- 
man 35 years ago, and has been sales manager and chief 
technical adviser since 1930, has been elected a director 
of the firm. 


Mr. FranK A. BENSON, M.Eng. (L’pool), A.M.I.E.E., 
has been appointed lecturer in electrical engineering at 
the University of Sheffield. 


Messrs. E. BOYDELL AND COMPANY, LIMITED, manu- 
facturers of Muir-Hill equipment, Elsinore-road, Old 
Trafford, Manchester, 16, have appointed Mr. NORMAN 
Log to be their representative in North-West England 
and North Wales. 


Mr. R. G. Manson, C.I.E., and Mr. J. O. WILSON 
have been appointed members of the Transport Tribunal 
for Northern Ireland, the chairman of which, LORD 
JusTICE BABINGTON, has already been appointed. The 
Tribunal will function as from March 1 and all corres- 
pondence should be addressed to the secretary, Transport 
Tribunal for Northern Ireland, Ministry of Commerce, 
97, Lisburn-road, Belfast. 


Messrs. THE PowER PLANT Company, LIMITED, West 
Drayton, Middlesex, have appointed Messrs, MORRIS 
WARDEN AND CoMPANY, LIMITED, 90, Mitchell-street, 
Glasgow, C.1, in place of the late Mr. E. G. LowEs, to be 
the representatives in Scotland for all their products, 
except machine tools. 

MESSRS. MUSGRAVE AND COMPANY, LIMITED, St. Ann’s 
Works, Belfast, have moved their Bristol branch office 
to more commodious’ premises at 35, Broad-street, 
Bristol, 1. 

Messrs. J. H. FENNER AND COMPANY, LIMITED, 
announce that Mr. W. B. Yeadon, A.M.I.Mech.E., who 
has been on their sales staff for 17 years, has been 





London, W.C.2. [Price 2s. net.] 


appointed home-sales manager as from March 1. 


nemoeeoedwsa ot 





_E EB. 25, 1949. 


ENGINEERING. 


179 








NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—The production of steel ingots is being 
well maintained, but the output of pig-iron is lower 
because the blast furnace at Colvilles’ Tollcross Works 
has been blown out for relining. Melting shops do not 
appear to be experiencing any shortage of raw materials, 
however, scrap tonnages both from home sources and the 
Continent being adequate. The good flow of home- 
gathered scrap, at a time when collection is usually well 
below the average, is giving particular gratification, and 
is stimulating the prevailing optimism that the steel 
output in 1949 will at least equal that of last year. The 
effect of a decline in demand, of course, is not being lost 
sight of, but, so far, the industry displays no sign of 
perturbation at the easing of the American market, as 
suggested by the shortening of delivery dates for some 
items there. The only result, at present discernible, is 
the cessation of inquiry from Canadian and American 
buyers. Current shipments from Scotland include con- 
signmente to Australia, New Zealand, Finland, Denmark, 
Egypt, and South Africa, and, such is the volume, that, 
as & general rule, cargo space must be booked well in 
advance. Nevertheless, makers consider they could sell 
still larger quantities in the export market, but pressing 
home demands exclude the hope of any expansion at the 
moment. The demand for sheets is particularly marked 
and makers of black and galvanised sheets, under } in. 
thickness, are stated to be unable to offer delivery before 
Period 3 of this year. 


Scottish Coal.—Outputs continue fairly steadily at an 
average of some 480,000 tons a week, with, of course, 
fluctuations of about 10,000 tons in alternate weeks 
depending on the Saturday worked in Fife. The genera] 
availability is below that necessary for fulfilling divisional 
obligations to the satisfaction of all consumers. Despite 
the stringency, however, industrial consumers are being 
provided with adequate fuel for maintaining production. 
The shortage of graded fuel, however, continues to 
depress combustion efficiency at some works. Steel- 
works’ supplies match the heavy requirements of the 
industry, and power stations are receiving regular 
deliveries. Coking coal is sufficient for carbonising pur- 
poses, without there being any large surplus. Gum is 
meeting a mixed trade, dependent on quality. Deliveries 
of house-coal have been improved, and stipulated ton- 
nages are reaching the depots more regularly. The 
improvement has been accomplished without any increase 
in the supply of round coal, of course, so that other 
users have suffered some restrictions. Margins at gas- 
works and railways are lower, but prevailing supplies 
are sufficient. Exports are expanding slightly. 





NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

The Welsh Coal Trade.—The extension of the coal- 
export trade of South Wales has continued and the 
latest figures available show that, in January of this year, 
the total was almost double that of the corresponding 
period of 1948. Shipments. which included coke, 
amounted to 619,429 tons compared with 343,448 tons 
in 1948. All the coal handled at the principal South 
Wales docks, for coastwise as well as for foreign destina- 
tions, and bunkers, is included in these figures. The 
increased tonnage has gone very largely to overseas 
destinations. Mr. G. E. Aeron-Thomas, chairman of the 
South Western division of the National Coa] Board, said 
last week, that exports from the division this year were 
expected to reach the value of £20,000,000. There was 
again a good volume of shipments last week, but, in view 
of the present scarcity of supplies on the steam-coal 
market, any further expansion in foreign trade would 
seem unlikely during the next couple of months. Already 
operators have enough business in hand to account for 
practically all the coal that the district can produce until 
well on in March. Inland requirements have again been 
extremely heavy and the railways, in particular, have 
booked substantially increased quantities locally. The 
demand from the priority users, as well as from ordinary 
industrial and domestic buyers showed no sign of easing. 
The chief exporting activity was in respect of supplies 
for Portugal and France while a steady interest was shown 
on Italian account. Argentine business, which had been 
active, has been brought to a standstill] following the ban 
on imports, and despite reports received in the past week 
of a new financial arrangement being negotiated no 
change has yet come about. Cokes and patent fuel came 
in for @ brisk request and were firm. 

Swansea Steel-Sheet Industry.—The market report of 
the Incorporated Swansea Exchange states that, last 
week, business showed little, if any, signs of change. 
The strong demand was fully maintained and a fair 
volume of business was done for the current quarter, 
and later. Business in the export market depends on the 
availability of supplies and, last week, sales were a little 
lighter, Steel sheets continue to be a strong feature 
and supplies are scarce. The deliveries of iron and steel 
sorap to the steelworks are well maintained. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Raw materials for the steel industry 
are in fairly satisfactory supply, but improvement is 
needed if the steel programme is to be carried out in its 
entirety. Some success continues to be achieved in the 
new drive for iron and steel scrap for re-melting. The 
Regional Board of Industry has held a special meeting 
to consider the gas shortage and has decided to make 
representations to the Ministry of Fuel and Power that 
improved-quality coking and gas coals are essential if 
sufficient gas is to be available for industry. It was also 
resolved to seek high priority for the materials and plant 
necessary for the early carrying out of the Sheffield and 
District Gas Company’s 2,000,0007. scheme of extensions. 
Leading concerns are well booked in heavy products. 
The Vickers Works of the English Steel Corporation, 
Limited, are busily employed on an Indian Government 
order for two large ammonia converters, each weighing 
80 tons and destined for a fertiliser factory. The first 
of the converters has left the works for shipment to 
India. Each converter is produced from an ingot 
weigbing 183 tons and is 45 ft. long and 5 ft. wide. 
Other hollow forgings undergoing treatment in Sheffield 
are for electric power plants. Gradually Sheffield steel, 
tool and cutlery factories are recovering from some of the 
effects of power cuts and gas shortage. 

South Yorkshire Coal Trade.—The production of coal 
is fairly satisfactory, and several pite have reached or 
exceeded their targets. Locomotive hards have been in 
better supply, and washed and graded steams have been 
available in adequate quantities. Gas coal is needed in 
larger tonnages, and in better quality. The demand for 
house coal is in excess of allocations ; this has increased 
the ca]] for gas coke and for off-the-ration coal, which is 
mosly unscreened. The export demand is strong and 
there is a full call for bunkers at the Humber ports. A 
new haulage system in Manvers Main Colliery is proving 
very successful and has almost eliminated waiting time 
The system depends upon the use of six-ton capacity 
British Built mine cars of welded steel plate having three 
interlocking drop-bottom doors. There are five trains of 
cars and each train is hauled by two 100-h"p. Diesel 
locomotives on an up gradient of one in 30. 








NOTES FROM CLEVELAND AND 


THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel producers are run- 
ning plants at as high pressure as conditions permit, 
but the heavy total tonnage output is considerably short 
of customers’ huge requirements. The volume of new 
business passing is but a smal]! proportion of the inquiries 
circulating both for home purposes and for shipment 
overseas. Most works are operating well, but further 
material expansion of make cannot be looked for until 
deliveries of certain raw commodities expand. The yield 
of the Cleveland ironstone mines is still well below 
pre-war output, but is steadily increasing as more labour 
becomes available, while the customary shrinkage in 
imports of foreign ore during the winter months has, 
this year, been more marked than usual. Fuel con- 
sumption is heavy and coking capacity is barely adequate 
for the essential needs of the blast furnaces. There is 
continued complaint of pig-iron shortage and the sub- 
stantial tonnages of scrap available for distribution are 
eagerly taken up for foundry use and steelworks con- 
sumption. Manufacturers of finished descriptions of 
material cannot deal fully with their delivery obligations. 

Foundry and Basic Iron.—Almost the only source of 
supply of erdinary foundry pig-iron is the Midland area. 
Some further increase in deliveries from that distant 
producing district can be reported, but North East Coast 
users still complain of inconvenient short supplies. 
Basic-iron makers continue to retain their output for 
the requirements of their own consuming plants. 

Hematite, Low Phosphorus and Refined Iron.—Regular 
East-Coast hematite customers are calling persistently 
for larger parcels than producers are able to provide and 
there seems little likelihood of early material expansion 
of production. Low- and diu phorus qualities 
of blast-furnace products are also needed in larger 
quantities than are coming to hand. There is a ready 
sale for distributable tonnage of refined iron. 

Manufactured Iron and Steel.— Bookings and demands 
for the various classes of semi-finished and finished iron 
assure full activity of plants over the first half of the 
year and steel producers have heavier commitments than 
they can handle satisfactorily. Better parcels of steel 
semies from the Continent are reaching the re-rolling 
mills, but the delivery of certain sorts are still well below 
pressing needs ; small billets and sheet bars especially 
are in very strong request. The demand for finished 
steel is extremely heavy and the pressure for maximum 
deliveries, against running contracts, is greatest for 
sheets, plates, rails, sections and all types of colliery 
equipment. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor net later than Tuesday 
morning in the week preceding the date of the meeting. 





INCORPORATED PLANT ENGINEERS.—Leeds Branch: 
Monday, February 28, Great Northern Hotel, Leeds. 
Film on “ Excavators.” South Wales Branch: Tuesday, 
March 1, 7.30 p.m., Grand Hotel, Cardiff. Annual Meet- 
ing. London Branch: Wednesday, March 2, 7 p.m., 


Royal Society of Arts, John Adam-street, W.C.2. Dis- 
cussion on “ Training Within Industry.” 
JUNIOR INSTITUTION OF ENGINEERS. Section : 


Monday, rsa se fp 7.30 p.m., 198, West-street, Sheffield. 
“ Manufact of G ph Records,” by Mr. H. W. 
Bowen. Midla : Wednesday, March 2, 7 p.m., 
James Watt Memorial Institute, Birmingham. “ Light 
Alloys and Current Engineering Practice,” by Mr. H. A. 
Wainwright. Institution: Friday, March 4, 6.30 p.m., 
39, Victoria-street, S.W.1. Film: “ The Boulder Dam,” 
introduced by Mr. 8. R. Broderick. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Scottish 
Centre: Monday, February 28, 7.30 p.m., North British 
Hotel, Edinburgh. “ Pistons and Rings,” by Mr. J. L. 
Hepworth. North-Western Centre: Wednesday, March 2, 
7.30 p.m., Engineers’ Club, Manchester. ‘‘ Development 
of the Gas Turbine for Road Transport,” by Mr. J. Hodge. 

Royal Sociery oF ARTs.—Monday, February 28, 
8 p.m., John Adam-street, W.C.2. “ Corrosion of 
Metals—II,” by Dr. W. H. J. Vernon. 

INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS.— 
Tuesday, March 1, 2.30 p.m., Institution of Electrical 
Engineers, Victoria-embankment, W.C.2. “ Petroleum 
Fuels and Agricylture,” by Mr. W. J. Nolan. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, March 1, 
5.30 p.m., Great George-street, 8S.W.1. “ Engineering 
Works for the Improvement of the Estuary of the 
Mersey,” by Mr. J. A. Cashin. S 

INSTITUTION OF ELECTRICAL ENGINEERS.—North- 
Western Centre: Tuesday, March 1, 6.15 p.m., Engineers’ 
Club, Manchester. “‘ Electric and Diesel-Electric Trac- 
tion on the Netherlands Railways,” by Mr. H. J. van 
Lessen. And at the Institution: Thursday, March 3, 
5.30 p.m., Victoria-embankment, W.C.2. North Midland 
Centre: Tuesday, March 1, 6.30 p.m., 1, Whitehall-road, 
Leeds. “ Analysis-Synthesis Telephony, with Special 
Reference to the Vocoder,” by Mr. R. J. Halsey and 
Dr. J. Swaffield. Radio Section: Wednesday, March 2, 
5.30 p.m., Victoria-embankment, W.C.2. “‘ Analogies 
Between the Vibrations of Elastic Membranes and the 
Electro-Magnetic Fields in Guides and Cavities,” by 
Mr. E. ©. Cherry. Southern Centre: Wednesday, March 
2, 6.30 p.m., City Council Chambers, Clarence-parade, 
Portsmouth. ‘‘ Measurement of Light and Colour,” by 
Mr. G. T. Winch. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, March 2, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. “ Post-War Research on Heating and Ventilation 
at the Building Research Station,” by Mr. A. Pickles. 

INSTITUTION OF PRODUCTION ENGINEERS.— Nottingham 
Section: Wednesday, March 2, 7 p.m., Victoria Station 
Hotel, Nottingham. Annual Meeting. Glasgow Section : 
Thursday, March 3, 7.30 p.m., Royal Technical College, 
Glasgow. Discussion on “ Producting Engineering 
Education.” 

INSTITUTION OF ENGINEERING INSPECTION.—Thursday, 
March 3, 6 p.m., Royal Society of Arts, John Adam-street, 
W.C.2. “ Design and Inspection with Special Reference 
to Helical Springs,” by Dr. E. H. Bateman. 

LIVERPOOL METALLURGICAL SocreTy.—Tbursday, 
March 3, 7 p.m., 9, The Temple, 24, Dale-street, Liver- 
pool. “ Significance of Solution and Diffusion 
of Gases in Metals,” by Dr. OC. J. Smithells. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
March 4, 6 p.m., Storey’s-gate, St. James’s Park, 8.W.1. 
Joint Meeting with the INsTrTruTION OF ELECTRICAL 
ENGINEERS. ‘‘ Causes of Flue-Gas Deposits and Corrosion 
in Modern Boiler Plants,” by Mr. W. F. Harlow. AvUTO- 
MOBILE DIvision. Coventry Centre: Tuesday, March 1, 
7 p.m., Geisha Café, Hertford-street, Coventry. Annual 
Meeting. Luton Contre : Tuesday, March 1, 7.15 p.m., 
George Hotel, Luton. “ Engineering of a Modern All- 
Metal Motor Body,” by Mr. E. S. White. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Friday, March 4, 7.30 p.m., Robert Gordon’s 
Technical College, Aberdeen. ‘‘ Notes on Trawl Fishing,”’ 
by Mr. D. B. Cunningham. 

Royal InstrrvTion.—Friday, March 4, 9 p.m., 
Albemarle-street, W.1. *“ Foundation of the Royal 
Institution,” by Professor E. K. Rideal. 

Royal AERONAUTICAL SocreTy.—Saturday, March 5, 
11 a.m., 2.30 p.m., and 5 p.m., Institution of Civil 
Engineers, Great George-street, S.W.1. Full-Day Dis- 
cussion on “ Air Safety.” For programme, see page 95, 
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AERODYNAMICAL BALANCE FOR HIGH-SPEED WIND TUNNEL. 





(For Description, see Page 175) 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offiees, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. : 

Telegraphic Address : 


* ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMpP ie Bar 3663 and 3664. 


ndence should be addressed 
other correspondence to the 


All editorial corres 
to the Editor and 





Manager. 
Accounts are neon to “ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 


Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada Catictisah ihe. thesiai AE 

For Canada fA 5 0 


Subscribers receiving incomplete cgpies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘“ Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 124 per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
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PRE-STRESSED CONCRETE. 


Fottowtne the introduction of reinforced con- 
crete, about 80 years ago, many engineers and others 
have devised and improved various methods of 
strengthening concrete. For a given structure, the 
basis of design is that concrete is provided to sustain 
the compressive stresses and to act as the general 
binding medium of the system, while mild steel is 
provided to sustain the tensile stresses and to assist 


green | in resisting the shearing stresses. From theoretical 


considerations based on the results of numerous tests 
and much practical experience, principles of design 
have been formulated which enable the component 
members of the structure to be proportioned accur- 
ately and economically for the duties they have to 
perform. The essential properties that enable the 
steel and concrete to act in combination are the 
equality of the coefficients of expansion and the 
adhesion with which even plain round bars of steel 
are gripped so that stresses can be transmitted to 
them without leading to slipping at the interface of 
steel and concrete. Other factors which contribute 
to the economy and adaptability of this method of 
construction are the facility with which certain com- 
ponents may be cast in moulds to any desired shape, 
the excellent protection against corrosion afforded 
to the steel by its coating of cement, and the perman- 
ence and fire-resisting quality of the construction 
as a whole. Although it had long been recognised 
that mild steel was not a suitable material for main- 
taining a permanent compressive stress in concrete, 
it was not until 1927 that Mr. E. Freyssinet pointed 
out that a permanent compressive stress in concrete 
required the use of steel having a very high yield 
stress coupled with conerete of the highest possible 
strength. The practical consequences of this obser- 
vation are to be found in modern methods of pre- 
stressing concrete, the importance and scope of 
which was emphasised by Professor G. Magnel in 
his lecture on February 15, before the Institution of 
Civil Engineers, on “ Applications of Pre-stressed 
Concrete in Belgium ” ; and also by Dr. F. G. Thomas 
in a paper which formed the basis of discussion at 
a Conference on Pre-stressed Concrete which was 





held at the same Institution on the following day. 





There are two main systems of pre-stressing ; one 
in which the wire, bar or cable is stressed before the 


69 | concrete is cast, and the other in which the stress 


in the metal is applied after the concrete has acquired 
considerable strength. These two systems may in 
turn be called ante-tension and post-tension. In 
the former, the pre-stress is transferred to the con- 
crete either wholly by bond, or partly by bond and 
partly by end compression from anchor blocks 
round which the wires pass. In the latter system, 
the pre-stress is transferred to the concrete by means 
of end anchors to which the wires or cables are fixed ; 
the stretched wires may subsequently be bonded 
to the set concrete so that the steel and concrete 
work more closely together in resisting the external 
loads. It is readily seen that each of the two 
systems of pre-stressing should be examined on its 
merits with reference to the class and size of struc- 
ture under consideration. In the first place, with 
the ante-tension procedure, it is necessary to stretch 
the wires, between suitable abutments, by levers, 
hydraulic jacks, winches or similar devices. 
Since the stretching force, and therefore the load 
which controls the design of the abutments, is 
independent of the length of the wire, it is often 
convenient and economical to stress long lengths of 
wire, up to five or six hundred feet at a time. The 
concrete is then cast round the wire, either in the 
form of a series of units connected only by short 
lengths of wire which are later severed, or as a con- 
tinuous member which is subsequently cut into the 
lengths required. From the circumstance that the 
tension in the wire cannot be released until the con- 
crete has hardened sufficiently to sustain the pre- 
stress and also, in general, to transmit the resulting 
force by bond, it follows that the ante-tension pro- 
cedure is more appropriate to factory production of 
pre-cast units than to manufacture on site. In the 
factory, however, measures can readily be taken to 
secure a very high quality of concrete and to 
accelerate the process of hardening by controlled 
heating. 

In the second place, with the post-tension pro- 
cedure, the work of pre-stressing may be carried out 
on site, or in the factory, by means of stretched wires 
or cables inside or outside the concrete member. 
If placed inside the mass of concrete, the wires may 
be put in position before the concrete is cast, and 
the requisite tension applied to the wires when the 
concrete has attained the necessary strength. If 
holes are left in the concrete or if the wires ere 
placed outside the member, the wires can be put in 
position at any convenient time after casting, and 
subsequently grouted to give protection against 
corrosion and additional strength to the member by 
bonding. 

Thus it is seen that pre-stressing may serve the 
purpose of ordinary reinforcements in a wide variety 
of concrete components and structures, ranging 
from railway sleepers to large beams and complex 
structural systems, whether the anchorage employed 
is of the Freyssinet type or the Magnel type. In the 
case of bridges, for example, the greatest advantage 
is to be gained in circumstances where the effects 
of reduced weight and size are of primary import- 
ance, as in a bridge of large span; a structure of 
this type in pre-stressed concrete may be lighter than 
one in steel. The shape of the bridge, however, is a 
decisive factor in the question whether to pre-stress 
or not; an arch bridge of such shape and loading 
that tension does not occur is unsuitable because the 
effect of pre-stressing is to augment the compression 
in the arch. Accordingly, the type and form of 
bridge should be chosen to yield the greatest possible 
advantage from the method of construction used, 
and the entire scheme brought into relation with 
details of the procedure adopted, especially as to 
whether the structure is to be cast in situ or manu- 
factured in parts and later assembled. In this part 
of the work two characteristics deserve special 
notice: first, the ratio of span to depth of the 
beam or slab is greater than for ordinary reinforced- 
concrete bridges ; second, the ratio of rise to span 
for arched or portal-frame bridges is less. The 
general effect is to change the proportions of such 
structures, and on this point special interest for both 
architects and engineers attaches to the maximum 
span that experience may show to be admissible for 
a bridge in pre-stressed concrete. 
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Pre-stressed concrete flexural members for floor 
and roof structures in buildings represent applica- 
tions in which economy of material leads, by way 
of reduction in weight, to lower loadings on columns 
and foundations, and to this may be attributed the 
increasing number of establishments engaged on 
the manufacture of such members. A noteworthy 
construction by Magnel, at Ghent, is a textile 
factory of one storey covering an area of 375,000 
sq. ft., in which the main and secondary beams of 
the roof are made of pre-stressed concrete. The 
main beams are 67 ft. in length and are supported 
on concrete brackets formed on the columns heads. 
The secondary beams, 45 ft. in span, are placed at 
12-ft. centres, and support ordinary reinforced- 
concrete beams and pre-cast slabs. At Orleans, 
France, the ante-tension procedure is followed in 
the manufacture of beams of I-section and tubular 
section for spans up to 20 ft., by the individual-unit 
process, with the wires stressed and then anchored. 
After placing, the concrete is simultaneously vibrated 
on a table and compressed by means of a spring- 
loaded joist which is held down by lugs on the frame 
of the vibrating table. The available information 
indicates considerable activity in this branch of 
engineering in most European countries, where the 
shortage of essential materials is particularly felt, 
and improvement in methods of production is a 
matter of great urgency. 

Again, the design of the recently completed 
runway at Orly airport, for 130-ton aircraft with a 
single wheel load of 85 tons, including impact 
allowances, offers an alternative to normal con- 
struction which at present requires considerable 
thicknesses of concrete for heavy aircraft, and 
which may, therefore, become impracticable in the 
future. The runway, 1,380 ft. in length and 200 ft. 
in width, is constructed of pre-cast concrete slabs 
3 ft. 3 in. square and 6} in. thick, laid on sand on 
compacted soil. At each end of the runway, which 
is divided into right-angled isosceles triangles by 
roller joints, pre-stressed abutments are firmly 
anchored to the ground. Transverse cables of 
30 wires, 0-2 in. in diameter, are laid between each 
row of pre-cast slabs, and stressed to 69 tons per 
square inch. The cable wires are protected by a 
bituminous coating and anchored in groups of ten 
at each edge by the normal type of Freyssinet 
anchorage. Through the action of the roller joints 
and end abutments the runway as a whole is 
stressed by the cables both laterally and longi- 
tudinally, thus eliminating the risk of cracking due 
to temperature and shrinkage, and, at the same 
time, providing a pavement of great flexibility. 
Results of tests on this runway of novel construction 
indicate that the design satisfies all the original 
requirements. 


The practical scope and utility of the construction 
will very largely depend on a sufficient supply of 
high-grade materials at an economical price. The 
steel most commonly used, both in this country and 
abroad, is hard-drawn wire with an ultimate tensile 
strength varying from 100 tons per square inch for 
0-2-in. diameter wire to 150 tons per square inch 
for 0-04 in. or 0-08-in. wire. Where the wire is 
to be bonded to the concrete, the use of the smaller 
diameter wires is preferable unless the surface of 
the wire is particularly good for bond. In 
in which groups of wires are anchored to the ends 
of the concrete member, it is customary to restrict 
the individual wire diameter to 0-2 in., but Magnel 
has recently employed 0-28-in. diameter with success 
in his system, and thereby halved the number of 
wires neeessary for a given design. The quality of 
concrete required for pre-stressed construction also 
is well above the average for ordinary reinforced 
concrete, the minimum permissible strength for a 
28-day cube being 6,000 Ib. per square inch. Gener- 
ally, the cement should, be of the rapid-hardening 
Portland type, in order to facilitate an early release 
of wire tension, but if an accelerator such as calcium 
chloride is added to the mix, an ordinary Portland 
cement is sufficient and may, in fact, be preferable, 
‘since the addition of calcium chloride to a rapid- 
hardening cement may lead to an initial setting 
time which is too short for practical purposes. 
On this account, it is common practice to specify a 
cement with an initial setting time of not less 
than 1} hours, 


THE ORGANISATION OF 
CONFERENCES. 

Tue passion of a large part of civilised humanity 
for planning the “improvement” of their fellows 
is only equalled by the reluctance of an even larger 
part to be improved ; a reluctance which is no less 
genuine and difficult to overcome for being based, 
in many cases, on first impressions that a more 
detailed examination would prove to be erroneous. 
We admit quite candidly that our reactions took 
just this course when we received recently a com- 
munication from a body self-described as the 
“Central Committee for Improving Lectures and 
Publications” ; the title seemed, at first sight, to 
have the same ominous significance as did the 
Royal Society’s “‘ Conference on the Distribution of 
Scientific Information,” held in June of last year, 
when certain proposals were put forward which, 
we commented at the time, were “ hardly likely to 
win the acceptance of either authors or editors.” 
In fact, however, the Central Committee for Im- 
proving Lectures and Publications have formulated 
““ some suggestions for consideration when organising 
scientific or technical congresses,” which deserve the 
most careful attention, and we have pleasure in 
acceding to their request that these may be the 
subject of editorial comment. The suggestions are 
stated to “have been compiled by a number of 
outstanding scientists after a long and serious dis- 
cussion in order to hit the main points without 
entering too much into details” ; a plain assertion 
of purpose, the commonsense and clarity of which 
are well maintained in the suggestions themselves. 
The sponsors number 20, drawn from nine countries, 
namely, the United States (five); France (three) ; 
England, Italy, Holland, Belgium and Switzerland 
(two each); and Canada and Sweden (one each). 
The main suggestions are six ; they are reproduced 
below, practically verbatim. 

1. The programme should not be too crowded. 
Experience has shown that, after 14 hours, almost 
any audience gets tired. Consequently, it seems 
advisable that, after 1} hours, a pause of about 
ten minutes should be inserted. If possible, light 
refreshments, such as tea, coffee, etc., should be 
available during the interval. A total of three 
hours in the morning and three hours in the after- 
noon seems to be an absolute maximum ; 2} hours 
is preferred. There is a general tendency to extend 
programmes considerably beyond this limit. The 
organisers should, however, bear in mind that it is 
better to have fewer speakers, who can be well 
understood, than more speakers, some of whom 
may not be understood by a tired audience. Another 
factor in favour of a not too crowded mme is 
that many visitors like to have sufficient time for 
personal contacts. 

2. The organisers should try to set out clearly 
what type of congress they intend to arrange. It 
may consist of lectures without discussions; if, 
however, discussions are wanted, enough time 
should be allowed for them. Many lecturers and 
listeners consider the discussions—if properly con- 
ducted—an essential part of a scientific meeting. 
Distributing preprints of the papers in advance is 
the best guarantee for a discussion on a high level. 

3. It is advisable to inform the speakers about 
the time available for their papers. The organisers 
should take care that this time schedule is strictly 
followed, because otherwise the lecturers at the end 
of the meeting get into the bad position of having 
insufficient time or are lecturing to a tired audience. 

4. There is, of course, a tendency to invite lec- 

turers of high scientific reputation, regardiess 
whether they have the capability of presenting a 
paper in a clear and understandable manner. From 
the point of view of the listeners, it is of great 
importance that the presentation should at least be 
reasonable. Many congresses suffer from the fact 
that insufficient attention is given to this point. 
5. If several languages are used at a meeting, 
those who present their papers in their own mother- 
tongue should make allowance for the fact that 
many listeners do not understand this language 
perfectly, and they should speak slowly and in 
simple terms rather than try to deliver an eloquent 
and elegant speech. . 





6. Congress leaders are requested to publish a 


list of participants to the congress and to reserve 
an adequate refreshment room, where participants 
can meet. A blackboard with indications like: 
“Mr. X wants to meet Mr. Y,” could be helpful in 
making contacts. 

In conclusion, the Committee draw attention to 
certain “‘ very useful suggestions forspeakers ” which 
are stated to be in preparation by the American 
Chemical Society. As they add the Society's 
address—1155, Sixteenth-street, Washington, D.C. 
—it may be assumed that copies will be obtainable 
from that address, in due course, by any genuinely 
interested inquirer. 

On each and all of the six main points, it would be 
comparatively easy to write a separate article ; 
neither would it be difficult to extend considerably 
the list of matters to which organisers of congresses 
might profitably devote attention. For example, 
there is the question of the dress to be worn at 
formal functions ; too often, the desired instruction 
is phased so vaguely that the intending participant 
has no means of knowing whether evening dress is 
de rigueur or not—a matter that is frequently of 
considerable significance to members coming from a 
distance, perhaps by air, who wish to keep the 
weight and bulk of their baggage to a minimum. 
Our advice would be to avoid formal dress whenever 
possible, especially at congresses held during the 
summer months and in Europe; but in this, as in 
other of the matters raised by the Committee, we 
may be somewhat biased. The Press representative 
who has to report the whole of the proceedings at a 
congress is subjected to stresses upon himself and 
his wardrobe that are shared by few of the rank and 
file of congressists ; and (experience suggests) seldom 
comprehended by organisers. There have beensome 
notable exceptions to this general statement, and we 
recall them with proportionate gratitude ; but they 
are not so numerous as to invalidate the observation. 
Most official reports of congress proceedings are 
published after a considerable lapre of time, and 
those responsible for the collection of copies of 
speeches, contributions to discussions, etc., do not 
often appreciate the problems involved in preparing 
reports and summaries for early publication. 

The suggestion made that a blackboard should 
be used to enable “ Mr. X to meet Mr. Y,”’ serves 
well enough in a foyer or ante-room, but does 
not meet the case of an inquirer who wishes to call 
someone out of a meeting, without causing incon- 
venience. The best method that we have seen for 
dealing with this situation was that employed at the 
Soil Mechanics Conference, held in Rotterdam last 
year. The caller made his request to the secretarial 
office, who telephoned the number of the desired 
individual (each member having an_ individual 
number) to an assistant seated in the wings of the 
platform—actually, the stage of a small cinema 
theatre. The assistant slipped transparent numbers 
into the front of a box containing an electric lamp, 
switched on and held up the box for the audience 
tosee. There was no interruption of speakers and the 
telephone was not audible from the hall. 

Giving a number to each member has a further 
advantage in that it goes far to overcome difficulties 
in announcing unfamiliar surnames—a matter of 
some consequence in an international conference, 
where the delegates may be drawn from 20 or 30 
nations. If the chairman is particular to call out 
an intending speaker’s number, it does not matter 
if his pronunciation of the associated name is almost 
unrecognisable—as might easily happen with a 
Dutch chairman announcing (for ray on Bed _ 
Geoghegan, a Czech calling upon a Mr. © mde- 
ley, or an average Englishman attempting almost 
any Continental surname. From the point of view 
of those who are taking notes, too, a number which 
can be checked later against the list of participants 
is much more convenient than a half-heard or mis- 
pronounced name. Finally, we would suggest the 
inclusion among the Committee’s proposals of a defi- 
nite instruction to all chairmen not to call on a 
second or subsequent speaker until the applause 
evoked by his predecessor has ceased—not merely 
died down, but ceased; if necessary, he should 
hold up his hand to stop it. If the Central Com- 
mittee for Improving Lectures and Publications can 





achieve only this reform, they will have deserved 
well of their fellows. Men have had medals for leas. 


SSe&s EES 2EBS SSE 


eo 
=a 


waducteneoeek eo west Zz 


a Db ax th moan toe Aen S&S ee oe ae GO BP 


i 


ao 


aero 


— ae 


- @S 


- co 


7 SOS 





ENGINEERING. 


183 








FEB. 25, 1949. 








NOTES. 


InsTITUTION OF MECHANICAL ENGINEERS. 


\r a general meeting of the Institution of Mech- 
anical Engineers held in London on Friday, February 
18, the Council retiring and nomination lists were 
read. Those retiring in accordance with by-law 35 
aro: Captain (E) William Gregson, R.N.R., M.Sc., 
president ; Sir Claude D. Gibb, C.B.E., D.Sc., M.E., 
F.R.S., vice-president; Dr. H, J. Gough, C.B., 
M.B.E., F.R.S., vice-president ; and seven ordinary 
members of council: Dr. R. W. Bailey, Wh.Sc. ; 
Mr. F. W. Hawksworth; Mr. S. W. Lister, M.A., 
B.Sc. (Eng.) (associate member); Sir George H. 
Nelson; Professor Dempster Smith, M.B.E., 
M.Sc.Tech. (honorary member); Sir F. Ewart 
Smith, M.A.; and Mr. G. Varley, M.Sc. The 
Council nominations are : ident, Dr. H. J. 
Gough; vice-presidents, Sir Claude Gibb and Dr. 
R. W. Bailey; ordinary members, Mr. G. Varley, 
Sir George Nelson, Sir F. Ewart Smith, Captain 
G. T. Smith-Clarke, Major-General W. 8. Tope, C.B., 
C.B.E., Mr. R. A. Riddles, C.B.E., Mr. J. 8. Tritton, 
Mr. A. T. Holman, O.B.E., Mr. G. N. Haden, B.Sc., 
Professor E. G. M’Ewen, B.Sc. (Eng.) (associate 
member), and Mr. R. R. Whyte, B.Sc. (Eng.) 
(associate member). The President, Captain Greg- 
son, invited nominations for the Council from any 
corporate member present. There being no response, 
he said that the names as given would constitute the 
nomination list for the election of the Council at the 
annual general meeting on March 25. The President 
then presented the James Clayton prize for 1948 to 


Mr. Karl Baumann, and other prizes and awards, | PT 


the names of the recipients of which were given in our 
issue of February 11, on page 135, ante. As a large 
number of members and visitors had intimated their 
desire to take part in the discussion on the two 
papers to be presented, Mr. T. E. Beacham, B.Sc. 
(Eng.), M.I.Mech.E., the author of “ Rotary and 
Oscillating Seals,” agreed that his paper should 
be taken as read, and Mr. F. H. Towler, M.I.Mech.E., 
briefly introduced his paper on “ Reciprocating 
Seals.” The papers were intended to initiate a 
comprehensive discussion on methods of prevent- 
ing the leakage of liquids past relatively-moving 
surfaces. The authors dealt mainly with hydraulic 
machinery in which oil is the working medium. 
Mr. Beacham suggested in his paper that standard 
life tests ynder laboratory conditions would be of 
value in comparing different seals of the non- 
adjustable and automatically-adjustable types, and 
in estimating the probable life ander working condi- 
tions. The tolerated leakage, he said, depended on 
the application, but might be as low as } c.c. an hour. 
Soft packings of organic material were often less 
effective with oil than with water, because oil tended 
te dissolve the fatty substances with which the 
packings were often impregnated. Mr. Beacham 
described the designs and advantages of leather 
seals, rubber and synthetic-rubber seals (which 
achieve minimum leakage), cork seals, journal seals 
and face seals. Mr. Fowler described various types 
of reciprocating seals and referred to the pheno- 
menon of hydraulic lock. The discussion was inform- 
ative regarding the applications of seals, but showed 
that there is still much to learn about the basic 
principles on which the mechanism of sealing 
depends. 


Tue Barrisn SHIPsvrLDING RESEARCH ASSOCIATION. 


The third annual report of the British Ship- 
building Research Association, recently issued, 
covers the period from April 1, 1947, to March 31, 
1948. The first report, which dealt mainly with 
the preliminary organisation set up to deal with the 
research , was followed. by a second, 
outlining in more detail the various sections of that 
programme ; but, naturally, there was not a great 
deal of progress to record in connection with the 
individual investigations. The present report, 
however, states that no fewer than ten research 
reports have been circulated to members of the 
Association and a number of others are in draft 
form. In addition, the section covering the research 
programme indicates that a considerable amount 
of work has been done on numerous other investiga- 
tions, It is to be noted, however, that many of the 





headings listed are not essentially or exclusively 
the eoncern of shipbuilders or marine-engine 
builders ; for example, of the ten reports circulated 
to member firms in the year under review, one deals 
with fatigue of bolts and studs under combined 
bending and torsion, another with the distribution 
of load (especially heavy loads) along nuts, a third 
with the strength of screw threads, and a fourth 
with the expansion of boiler tubes into tube plates. 
None of these could be regarded as arguments for 
the establishment or maintenance of a shipbuilding 
research organisation, since facilities for work of 
this character existed already at the National 
Physical Laboratory and elsewhere ; but the remain- 
ing six re are on subjects peculiar to ship- 
building and, no doubt, the ample liaison arrange- 
ments provided by the Department of Scientific 
and Industrial Research will prevent overlapping 
in the engineering investigations. It is stated that 
the proyisional policy of the Council on the general 
publication of research reports is that, on completion, 
they will be circulated as confidential documents 
to the members of the Association and of the 
Research Board. After an interval of six months, 
or possibly longer, they may be published as papers 
to appropriate institutions; but “this policy is 
later to be reviewed in the light of experience.” 
As, in a subsequent paragraph, the report contains 
the suggestion that “firms should not hesitate to 
give wide circulation to these publications among 
their design and drawing-office stafis, including the 
younger members,” perhaps the hope may be 
expressed that the Association (and others) will be 
bold enough to resist the tendency, increasingly 
valent, to label everything they do or produce as 
“* confidential,’ and will make more use of the facili- 
ties already provided by the technical Press for 
disseminating the results of their work. 


THe ARCHITECT IN INDUSTRY. 

A conference entitled “The ‘Architect in Indus- 
try” has been arranged by the Royal Institute of 
British Architects and will be held at 66, Portland- 
place, London, W.1, on Thursday and Friday next, 
March 3 and 4. Probably at no time in the indus- 
trial development of the country has the provision 
of good factory buildings been of greater importance ; 
and the conference is therefore intended to give indus- 
trialists an opportunity of discussing the correlated 
problems of planning and construction with archi- 
tects. The first day is to be devoted to a consider- 
ation of the general problems of factory build- 
ings which concern both the private and the 
nationalised industries, while on the second day a 
more detailed study of some of the technical aspects 
of the subject, such as structural techniques, heating 
and ventilating and natural and artificial lighting, 
will be made. The conference will be attended by 
delegates from the ministries and other public 
bodies and corporations, as well as by representa- 
tives from over 200 large firms. On Thursday, 
March 3, an exhibition of Industrial Architecture 
will also be opened at 66, Portland-place and will 
remain open until Saturday, March 26. This 
exhibition has been organised by the Royal Institute 
of British Architects to show what British architects 
and managements can achieve, in spite of the 
general shortage of materials. Factories from differ- 
ent industries and of different sizes will be illustrated 
by means of photographs, models and plans, while 
other exhibits will show the importance of siting 
and layout and indicate how buildings can best be 
planned to ensure efficiency, high production and 
welfare of the employees. Such interrelated fea- 
tures as structure, natural and artificial lighting, 
heating and ventilation, thermal insulation, control 
of noise and removal of waste products will be dealt 
with in a technical section, the object being to show 
the important part that these factors can ‘play in 
good factory planning and design. 

Tue CHAMBER OF SHIPPING OF THE UNITED 
Kina@pom. 

The annual report of the Chamber of Shipping 
for 1948-49, which was presented at the annual 
general meeting held in London on February 24, 
shows that the shipping owned in the United King- 
dom at the end of 1948 amounted to 2,994 vessels, 
totalling 16,046,000 tons gross. With the addition 
of Canadian and other fleets owned within the 





Empire, the total under the British flag was 3,822 
vessels of 19,249,000 tons. These figures are for 
vessels of 500 tons gross or over, excluding lake and 
river tonnage, and such small craft as tugs and traw- 
lers.. Tankers, which are included in the above 
totals, numbered 591, of 3,793,000 tons, of which 
546, of 3,585,000 tons, were owned in the United 
Kingdom. The corresponding world totals were 
15,431 vessels amounting to 77,230,000 tons, of 
which 2,340 were tankers, representing 16,010,000 
tons. In addition to the United Kingdom totals 
given, there were about 1,400,000 tons of new 
vessels under construction in British yards for 
British owners, most of these ships being either 
tankers ar vessels for passenger or other special 
trades; the Chamber describes as “ disturbing ” 
the fact that comparatively few ships of the tramp 
type are being built. The lack of orders for cargo 
tonnage is attributed to the present high cost of 
building ships, which causes owners to doubt 
whether they can be operated profitably ; not only 
are vessels costing two to three times as much to 
build as they did immediately before the war, but 
they take at least twice as long to construct, and the 
time taken to turn them round in port, especially in 
British ports, is a serious handicap in operation. 
Repair costs, and the time taken to effect repairs, 
are increased in similar proportion; and, over and 
above the general rise in Operating expenses, the 
growing complexity of machinery and equipment 
requires a much greater expenditure than formerly 
on maintenance and renewals. This applies parti- 
cularly, it is stated, to internal-combustion engines 
and to electrical machinery. Much of the cost of 
the new vessels delivered since the war has been 
met out of funds received under war risk insurances, 
but no such assistance is available to meet normal 
replacements, and depreciation allowances on the 
older ships shortly falling due for replacement are 
quite inadequate to meet present building costs. 
The shipowning industry is at the further disadvan- 
tage in this respect that the reserves which should be 
available to pay for replacements are subject to 
the full rate of income tax and to the profits tax. 
Shipbuilders have attributed an appreciable part 
of the enhanced cost of new ships to irregular and 
inadequate deliveries of steel, resulting in an 
inordinate increase in shipyard overhead charges, 
but the report expresses the view that another very 
important factor is the higher cost of material and 
equipment ordered under sub-contracts and states 
that “it would be a considerable satisfaction to 
shipowners if they could be assured that steps were 
being taken to bring shipbuilders and their major 
sub-contractors together for an exhaustive explora- 
tion of the whole position.” 


RELAXATION OF TIMBER RESTRICTIONS FOR Boat 
BumLpina. 


Since November, 1946, the Admiralty have 
been compelled to restrict the activities of the boat- 
building industry, owing to the shortage of timber. 
At the beginning of this period, the construction of 
all pleasure craft for owners in the United Kingdom 
was stopped, although, later, on the representation 
of the Ship and Boatbuilders’ Federation, this restric- 
tion was partly relaxed; and a limited amount of 
construction, which has gradually been increased, 
was permitted under the so-called “ Hardship 
Scheme.” It may be recalled also that the con- 
struction of genuine commercial and fishing craft, 
and of all types of craft for the export market, has 
always been permitted. It is now announced that, 
owing to the improvement in the supplies of hard- 
wood, the construction of pleasure craft for the home 
market will be de-restricted, although actual outputs 
must continue to be limited owing to the shortage 
of soft wood. For the same reason, it will be 
necessary to retain the licensing system and boat 
builders are being asked also to see that orders for 

craft are not allowed to interfere with 
commercial and export orders. As a consequence 
of the raising of the restrictions on the construction 
of pleasure craft, a relaxation in procedure has also 
been rendered possible. In future, all persons who 
wish to build boats should apply before the 15th 
of the last month in each quarter to the Admiralty 
Regional Officer of the Region in which their place 
of business is situated. The Regional Officers and 
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their advisory panels of boatbuilders and trade 
unionists, will then examine all the applications and 
will issue bulk licences to cover the construction 
programme for the next quarter. They will also 
issue a timber licence to cover this construction so 
far as their quarterly timber allocation permits. 
In the case of motor fishing vessels over 40 ft. in 
length, barges of more than 50 tons carrying capa- 
city, any craft for which Admiralty support is needed 
to obtain supplies of steel as well as timber, and life- 
boats for the Royal National Lifeboat Institution, 
applications for licences will continue to be dealt 
with directly by the secretary of. the Admiralty 
(Production Branch II). 


Tue Paysicat Soctety’s EXxHIsirion. 


The Physical Society’s Annual. Exhibition of 
scientific instruments and apparatus will be held 
at the Imperial College of Science and Technology, 
South Kensington, London, S.W.7, from Tuesday, 
April 5, to Friday, April 8. On the first day, the 
exhibition will be open from 2 p.m. to.9 p.m., on 
the second from 10 a.m. to 1 p.m. and from 2 p.m. 
to 9 p.m.,.and on the two remaining days from 
10 a.m. to 1 p.m. and from 2 p.m. to 7 p.m. During 
the exhibition, lectures will be delivered on “ Some 
Problems of Wave Diffraction in the Ionosphere,” 
by Mr. J. A. Ratcliffe ; on “‘ Some Modern Aspects 
of Scientific Instruments,” by Mr. A. J. Philpot ; 
and on “The Methods and Instruments, used in 
Energy Measurements of Particles in Atomic Nuclei,” 
by Professor O. R. Frisch. The craftsmanship 
and draughtsmanship competition, which lapsed 
during.the war years, is being revived. It may 
be recalled that the object of this competition 
is to encourage and recognise skill and ability in 
craftsmanship and draughtsmanship among appren- 
tices and learners in the instrument-making industry. 





LETTER TO THE EDITOR. 
PLANNING THE FESTIVAL OF 
BRITAIN, 1951. 


To THe Eprror oF ENGINEERING. 


Smr,—I should like to thank you for the leading 
article in your issue of February 4, on page 109, and 
for the support you have given to our appeal to 
manufacturers in connection with the Festival of 
Britain, 1951. May I, however, clarify two points 
mentioned in your comment? First, the nature of 
the 1951 discussion groups: these consist of repre- 
sentatives of well-known firms and of trede associa- 
tions, within an industry or branch of industry, 
whom we ask to advise us on the significant develop- 
ments which they feel might contribute to the story 
of British achievement we intend to tell in 1951. 
The onus of selecting the products to be exhibited 
in 1951, however, does not rest with these advisory 
discussion groups but with my Council, which is 
composed principally of well-known industrialists. 
A good response from engineering firms to our 
appeal for information and photographs of those 
products of which they are most proud will help us 
considerably in our preliminary survey prior to 
selection. 

The second point concerns your statement that 
the underlying object of the Festival is to stimulate 
British industry. The exhibitions, both official and 
unofficial, that will be staged on the South Bank of 
the Thames and elsewhere, will naturally represent 
@ prestige advertisement before the world for 
British industry. The concept, however, is much 
greater than that. The exhibitions themselves will, 
we hope, arouse in industry and in the general 
public a just sense of pride in achievement, and at 
the same time act as a guide and inspiration for the 
future in the whole field of human endeavour, 
cultural, sociological and industrial. The exhibi- 
~~ —_ be = one facet of the great national 

estival in which the special responsibility of m 
Council is the selection of the industrial cabibatn f 


Yours faithfully, 
Gorpon RvssELL, 
Director. 
The Council of Industrial Design, 


Tilbury House, Petty France, S.W.1. 
February 16, 1949. 


CANADIAN POWER 
POTENTIALS. 


In the course of the year 1948, the installed 
capacity of hydro-electric plant in Canada increased 
by 440,095 h.p. When giving this figure in its 
latest annual report, the Dominion Water and Power 
Bureau state that the total well exceeded the 
yearly pre-war average of about 300,000 h.p. In 
the recently-published Statistical Year-Book of the 
World Power Conference, which covers the years 1936 
to 1946, the figures given for Canada show increases 
of 160,000 h.p. in 1937, 131,000 h.p. in 1938 and 
84,500 h.p. in 1939. These all fall far short of 
300,000 h.p., but the reason for the difference is 
probably a different basis of comparison. The 
World Power figures relate to the capacity of water 
wheels and are expressed in kilowatts, from which 
they have been converted. The Power Bureau 
returns may re t the capacities of developed 
sites. The difficulty of expressing hydro-electric 
capacities in precise terms is illustrated by the 
World Power figures. The capacity of ‘‘ developed 
sites ” in Canada in 1945 is given as 5,260,100 kW 
at 160 per cent. efficiency if the ‘‘ natural or present 
flow” is taken as available for 95 per cent. of the 
time; 7,552,300 kW if it is taken as available for 
50 per cent. of the time; as 9,444,200 kW if the 
“‘ arithmetical mean flow ”’ is taken. 

The variations which may occur in the output from 
hydro-electric plant is well illustrated by a passage 
in the Dominion Water and Power Bureau reports 
in which it is stated that owing to sub-normal pre- 
cipitation the run-off in a large area in eastern 
Canada in the year ended October 31, 1948, was less 
than 60 per cent. of the 25-year average. As a 
result of this the total output for the country was 
slightly less than in 1947, despite more favourable 
conditions elsewhere, and the commissioning of new 
plant. The demand, which could not be met fully, 
continued to increase. The prosperity of Canada 
has depended largely. on agricultural and mining 
activities, but manufacturing industries are be- 
coming of importance. 

As in mining and electro-chemical and electro- 
metallurgical industries, conditions in Canada and 
the United States are to some extent comparable. 
As is also the case with some branches of agriculture, 
the relation between power supply and population 
in the two countries is of some interest and may 
carry implications for the future. The World 
Power returns give the populations of Canada in 
1946 as 12,307,000 and of the United States as 
141,229,000. Water-power figures from the same 
returns indicate that resources in the United States 
amount to 0-6 kW per inhabitant, and in Canada to 
4-4kW. The figures for developed water power are 
0-092 kW per inhabitant for the United States and 
0-58 kW for Canada. The sizes of the two countries 
are not greatly different; Canada is slightly the 
larger but an important part consists of northern 
territory which it is difficult to imagine can ever be 
intensively developed. This comparison in terms of 
water power, however, does not give a correct 
measure of either the developed or potential power 
of the two countries. The rivers and streams of 
Canada form the country’s main source of industrial 
power, but conditions are very different in the United 
States. To instance only coal, the annual produc- 
tion per head in the United States is 3-8 tons and in 
Canada is only 1-2 tons, and the reserves of the 
former country are enormously greater. 

Accurately to compare the industrial value of a 
ton of coal with a kilowatt-hour of hydro-electric 
generation would: involve so many assumptions in 
connection with conversion and utilisation that. it 
is hardly worth attempting, but even without such 
a comparison the World Power figures show the 
power resources of the United States to be consider- 
ably greater than those of Canada. The coal reserves 
of the former country are incomparably larger, and 
although developed water power is only 0-092 kW 
per head as compared with 0-58 kW in Canada, 
potential resources are given by the World Power 
Conference as 82,180,000 kW for the United States 
and 53,600,000 kW for Canada. Broadly speaking, 
the lead in water-power utilisation which has been 





taken by Canada is due to the fact that it was 








the only source of indigenous power available, 
In the United States, on the other hand, coa! in 
almost unlimited supply is present in the eastern 
part of the country in which industrial activity }\as 
developed to such a high degree. 

Although this comparison shows that in pover 
resources the United States has an important lead, 
it does not in any way indicate that the progreas 
of Canada is likely to be hampered by power shortage 
in any foreseeable future. No doubt, increase in 
population will reduce the capacity per head, but 
the resources available are sufficient to meet a 
greatly increased demand and the present rate of 
progress is impressive. The Dominion Water and 
Power Bureau report gives the present installed 
capacity as 11,000,000 h.p.; the World Power 
figure for 1945 was 7,412,900 h.p. During the year 
1948, generating capacity amounting to 440,095 h.p. 
was added to the total. Of this, 278,700 h.p. repre- 
sented 11 new plants and 161,395 h.p. extension to 
eight existing stations. Developments planned, or 
under investigation are estimated to increase pro- 
ductive capacity by more than 2,000,000 h.p. in the 
course of the next few years. Plants under con- 
struction and expected to be completed partly in 
the next two years, will add 800,000 h.p. 

The major power developments of the country 
are situated in the Provinces of Quebec and Ontario. 
In the former, 118,000 h.p. in two plants came into 
operation in 1948. The 118,000 h.p. was repre- 
sented by two generating sets; one was the l4th 
53,000-h.p. unit at Beauharnois No. 1 power station, 
and the other the first 65,000-h.p. unit in the new 
station at Shawinigan Falls on the St. Maurice 
River. The Beauharnois No. 1 station is the pro- 
perty of the Beauharnois Light, Heat ‘and Power 
Company, a subsidiary of the Quebec Hydro- 
Electric Commission. The company is engaged on 
the construction of a second Beauharnois station 

for an-ultimate capacity of 600,000 h.p. 
It is expected that three 53,000-h.p. units will be 
installed by 1951 and a further three by 1952. The 
Shawinigan Falls station is the property of the 
Shawinigan Water and Power Company. It will 
have a total capacity of 195,000 h.p. and is expected 
to be in full operation this year. The company is 
also proceeding with the construction of @ new 
station at La Trenche Rapids on the same river. 
This will have an ultimate capacity of 320,000 b.p. 

Comparable development is taking place in 
Ontario, in which a total of 142,000 h.p., in three 
plants, was added during the year by the Ontario 
Hydro-Electric Power Commission. One addition 
was to an existing station, a fourth 75,000-h.p. unit 
going into operation at the Ear Falls power station ; 
the other additions were new stations, the 81,000 
three-unit plant at Stewartville, and the 53,500-h.p. 
two-unit plant at Aguasabon being started up. 
Projected work in Ontario is extensive. A new 
station at Des Joachims, on the Ottawa River, will 
ultimately contain eight 60,000-h.p. units ; five are 
expected to be in operation in 1950. On the same 
river, the Chenaux development covers a 160,000-h.p. 
station scheduled to be in: partial operation in 1951. 
At La Cave, also on the Ottawa River, a plant of 
240,000 h.p. is to be installed ; work is at present 
at a preliminary stage. Other developments in 
Ontario, include a 160,000-h.p. station at Pine 
Portage, on the Nipigon River, and one of 58,000 h.p. 
on the Mississagi River. The Commission is also 
building a steam station of 322,000 h.p. at Windsor. 
The first section will be started up in 1951. 

Much work is also being done in British Columbia, 
a capacity of 92,745 h.p. having been added during 
1948. The two most important developments in 

are a 60,000-h.p. station at Whatshan Lake, 
being built by the British Columbia Power Comm s- 
sion, and the installation of a third 37,000-h.p. unit 
in the Brilliant Plant of the Consolidated Mining and 
Smelting Company. Alberta and Saskatchewan are 
not favoured with such extensive natural water 
powers and rely to a greater degree on steam 
stations. The Calgary Power Company is, however, 
building a 65,000-h.p. hydro-electric station at 
Spray Lakes on the Bow River, and the Churchill 
River Power Company added a 21,000-h.p. unit to 
its Island Falls plant in 1948. The Manitoba 
Government is i with a 114,000-h.p. 
installation on the Winnipeg River. 
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ALL-WELDED PLATE GIRDER. 


In a report on the progress of construction of the 
Abbey Works hot-strip rolling mill in South Wales, 
which appeared on page 112, ante, brief reference was 
made to an all-welded plate girder which is believed 
to be the largest ever made. It is the first of 22 which 
are being constructed by Messrs. Dorman, Long and 
Company, Limited, Middlesbrough, for the new melti 
shop at the Abbey Works of the Steel Company o' 
Wales, Limited. Spanning the gaps between a series 
of stanchions, the girders will spp rt overhead cranes 
of 275 tons capacity to be used for handling ladles of 
molten steel. h girder is 110 ft. vin length, 12 ft. 5 in. 
deep, and 3 ft. wide, and weighs approximately 90 tons. 
The first to be completed is shown in Fig. 1, on this 
page, emerging from one of the two rotatable jigs or 
manipulators which have been constructed to facilitate 
fabrication of the girders. Fig. 2 shows the girder 
fixed in the manipulator, with welding in progress. 
Fig. 3 is a half elevation, showing the principal dimen- 
sions, and Fig. 4 is a cross-section. In view of the 
great size of this fabricated girder, the principal 
particulars of its construction are of interest. 

The general form of the girder is symmetrical about 
both the vertical and horizontal centre-lines. The 
upper and lower flanges are similar, each consisting of 
a middle plate 40 ft. long by 3 ft. wide and 2} in. 
thick, and two outer plates, each 35 ft. long by 3.ft. 


wide and 2} in. thick. The three plates are joined by | girder. 


butt welds to form a continuous flange, 110 ft. long. 
The 24-in. plate is chamfered to reduce it to a thickness 
of 2} in. Pe ener en te Neaeee OR ee ee 
joined are machined to provide an inc angle 
Je Oe a qed eae er ee 
for butt welding The we proper is 1 in. in thickness 
by. 8 ft. ome (as v thon tn Fi . 3 and 4), and 

there are a on bottom web et plates, each 
1 ft. 7} in. deep by 2 in. Py which form T-sections 
with the flanges. Each fillet plate, like the flanges, 











consists of three lengths joined by butt welds; the 
middle plate is 36 ft. long and the outer plates 37 ft. 
long. The welded joints are completed from both 
sides, the included angle formed by the machined ends 
being 30 deg. The complete fillet plate is joined to 
the flange by a continuous fillet weld on each side, 
the fillet size of the weld being } in., except for a 
length of 18 ft. 6 in. at each end, where it is § in. 
The web proper is also in three parts: 39 ft., 32 ft. 
and 39 ft. in length, joined by butt welds on each 
side having an included angle of 80 deg. The web 
fillet plates are joined to the web proper by longi- 
tudinal butt welds on each side, the included —— 
being 80 deg., and the fillet plates being 

section to a thickness of 1 in. at the butt-weld ao. 
It will be observed that the vertical joints between the 
three sections of the flanges, the web fillet — and 
the webs are so as to avoid a welded joint 
right through a section of the girder. 

Sixteen stiffeners are provided on each side. A 
sectional plan of a pair of stiffeners on opposite sides 
of the web is given in Fig. 5. Continuous fillet welds 
are specified. The plan refers to the stiffeners b, c, 
d and e (Fig. 3); stiffeners f, g and ’ are similar, 
except that the outer flange plates are 4 in. thick 
instead of ? in. The end stiffeners a have no outer 
flange plates, but are made of 2-in. plate; a 1-in. 
bearing plate is welded in position between each 
upper a lower end and the main flanges of the 


After being erected on the stanchions, adjacent ends 
of the girders are welded together to form a continuous 
girder. The main flanges are with the ends 
machined so as to form an included le of 30 deg. 
on the upper side only for a butt wall; a. backing 

3 ft. 2 in. by 2 in. by 3} in., is placed under the 
joint prior to welding. The ends of the webs and web 
fillets are joined by butt welds from both sides, the 
included angles formed by the prepared edges being 
80 deg. and 30 deg., respectively. A bearing block, 














3 ft. 2 in. by 1 ft. by 2} in. (with keyed ways on the 
under side) is fillet welded on the site to the under side 
of adjacent girders, and rests on the top of the stan- 
chion. The girder is also provided with various small 
brackets, etc., some of which are visible in Fig. 1. 

The rotary manipulators, designed and constructed 
by Messrs. Dorman, Long, are 115 ft. in length. Rather 
more than a third of the length of one is shown in 
Fig. 1. It is supported by four 18-ft. diameter rings, 
which rest on rollers, all of which are driven to rotate 
the manipulator. The flange plates for a girder are 
run into the manipulator on rollers and are clamped 
in position. There are also supports for the web plates, 
and movable jacks for clamping the stiffeners (Fig. 2). 
The following procedure is adopted for fabricating a 
girder. The two butt welds in each flange are made 
before the plates are rolled into the manipulator. The 
web plates and web fillet plates are loaded into the 
manipulator in pieces and lined up. The two butt 
joints in the web are then welded, and the stiffeners 
are placed in position and tack-welded to the web. 
The web fillet plates are completed by welding the 
butt joints in them, after which the main longitudinal 
joint between them and the web proper is welded. 
The main longitudinal welds between the flanges and 
the web fillet plates are then completed, and finally the 
welding of the stiffeners to the girder is finished. The 
girder is withdrawn from the manipulator by winches 
on to bogies which transport it to the erection site. 





RENEWING PERMANENT WAY IN WATFORD TUNNEL.— 
The formation and up and down tracks in the mifle-long 
Watford Tunnel between Watford and King’s Langley, 
Hertfordshire, have been renewed during two week-ends, 
February 12 to 14, and 19 to 21. Eight bulldozers were 
used to remove the old formation, and 5,000 tons of clean 
ballast were laid. Prefabricated flat-bottom rail track 
was laid, using the wagon-mounted cranes which were deve- 
loped for this type of work by the former Southern Railway. 
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TRENDS IN ENGINEERING.* 
By J. Fostsr Petrer, M.I.Mech.E. 


Ar all times, the engineering ession and industry 
= = er to cconomteinfuenes some of 
which ve uced found and - 
results. The influences er at work, newt toe 
little relation or resemblance to those which directed 
the engineering developments of the late Nineteenth 


Century and the early of the Twentieth. The late 
Sir John Clapham, in his monumental Economic Survey | are 
of Modern in, quoted from an obscure journal of 


1860’s the aphorism that “the Crimean War 
doubled the cost and trebled the difficulty of genteel 
living.” By contrast with the conflicts of the past 
30 years, the Crimean War was an affair_of outposts, 
but the effects of the 1914-18 and 1939-45 wars upon 
Se ee ee et ee he eee 

and vastly ter in scope. ye form by 
the most potent influences directing the trends in 
pes. se mp SP to-day, ing into every form of 
activity and even exerting their pressure 
upon fundamental scientific research. 

The principal of these factors at the present time 
are shortage of labour and shortage of money. Both 
are largely artificial and in neither case does the term, 
as commonly used, really define and describe the true 
= of the com : t. a of materials is 

Feige the other two; though it has 
some claim to be considered se as an effect of | in 
the war, in that millions of tons of materials which, in 

time, E48 have been re-used, have been 
destro It seems strange and irrational 
oe a ee of labour in a world which is 
peter ne adding to its population at the rate of 30 
millions a year, and in a country which contains over 
700 people per square mile ; and so it is, if the term is 
used to imply a numerical shortage of potential 
labourers (using that word in its widest sense). The 
real shortage is one of productive work-hours ; the 
outcome, in part, of what may be broadly classified as 
“ restrictive practices” and in part of an increasing 
reluctance of the human race to e in dirty or 
otherwise distasteful occupations and to work the long 
hours formerly customary. This distaste is an inevit- 
able result of improved facilities for education. The 
clerk who sends his son to a university does not expect 
after graduation, to settle down to clerking ; 
and it is quite natural for a lad who has had his eyes 
opened to wider horizons, by a course of education 
that is expressly intended to open them, to feel that 
he ought not to waste the Ho penne that he has been 
given by entering what might appear, quite wrongly, 
as a blind-alley occupation and, he might fear, a social 
handicap. This probably explains, in part, the reduced 
intake of recruits to the grimy jobs like coal-mining 
and foundry work; though it is curious that 
proprietors seldom seem to experience that difficult 
The reason for the difference is probably psych ; 
the garage apprentice has the prospect of acquiring a 
motor cycle or driving cars before many years “g 
passed, whereas the apprentice, it may 
supposed, does not Bee arte p seg of the glorious 
moment when he buys his first cupola. 

The other ruling factor—shortage of money—would 
be more correctly described as a shortage of usable 
credit. If money were “ free,” all kinds of enterprises 
could be put in hand which now are held in abeyance ; 
there would be some economic upheaval, no doubt, 
if the restrictive controls were a _but it seems 
probable that the effect on engineering d construc- 
tion and advancement would be such as amply 
to justify the inclusion of money (or credit) as the second 
of the postulated influences. In the following rapid 
review of some of the main sub-divisions of engineering, 
it may be noted how frequently one or the other of these 
two factors has affected recent developments, and 
how they are still doing so. 

To take civil engineering first: fundamentally, its 
theory and practice have altered comparatively little 
in recent years so far as the nature of the ucts is 
concerned, though there have been advances in the 
scale of made possible by improved materials 
(chiefly steels) and liberal Stat State aid, typified by the case 
of the large dams constructed in the United States. 
The most notable forward, however, has been in 
the development material- i techniques, 
which have pata 9 almost beyond measure the 
ergs lie ay eras etiglanype oceans Land 
man employed. All the time, too, there been 
steady advances in the direction of reducing the 
qeeette <6 matedel nevind: Se, n:tenie guns 

instance, in the ny of concrete, 
vibrated concrete, and (in the structural field) the 
designing of steel structures on the basis of the plastic 
strength of the steel, by the methods of Professor J. F. 


* Paper presented at a meeting of the York Engineer- 
ing Society, held on Thursday, February, 8, 1949. 








Baker and his co-workers. Of late years, it would 


seem, attention has been focused on the reinforcement 
of concrete rather than on the concrete itself, but there 
are signs of a shift of emphasis in this direction. The 
production of concrete, like the production of steel, is a 
coal-consuming process, and everywhere (not only in 
this country) there is a growing awareness of the need 
to economise in the use of nj the Ay of which 
are never likely to be available the generous 
=oaiihin Sno’ cailedie te pak atadins on ool 
mechanics, now por gee considerable prominence, 
oe ae fo en desire to minimise the 
dem for otras cank labour. Shortage of timber | an 
is a condition that, in this country, is now almost 
regarded as normal, but there is not yet an acute 
shortage of standing timber in the world ; the shortage 
is of timber available on site, and that again is a function 
of labour and money. It is bound to influence the 
design of civil engi works, both because of the 
continuing a of timber and because of the labour 
"Te ctl ales Seaty o,te mrt 
Ci enters ly into the pro 
for electric power generation ; indeed, 
the rate of expansion of Mhis country’s 
capacity depends ly on the rate at which the ci 
the work can be accomplish: plished—and 
this, at being retarded considerably by lack 
of suital acon The he same old gieliines eneme 
up again ; moreover, it is labour-saving, perhaps more 
than any other factor, that has led to the greatly 
consumption of electricity apy oe 
Initially, this increase was accompanied b 
decrease in the amount of coal consum: — 
hour (from 3-22 Ib. in 1922 to 1-377 Ib. in P1988) : ; but 
deterioration in the quality of the coal supplied has 
prevented this improvement from being maintained 
(the consumption in 1947 was as high as 1-5 lb. per 
kilowatt-hour), and, combined with the effect of the 
war in forcing the retention of obsolete plant, has 
adversely affected thermal efficiency, which has 
remained practically stationary for the past ten years. 
The Central Electricity Board was established in 
1927, and it is interesting to note how the increased 
output achieved during the ensuing 20 years has been 
employed. Between 1927 and 1946, electricity supplies 
to factories increased about fourfold, but the domestic 
ve increased twelve times. In spite of restrictions, 
this tendency persists and is likely to be one of the most 
important factors in the future development of eleo- 
tricity supply. There are at present about 150 main 
generating stations, with an aggregate capacity of 
about 11,000,000 kW. The mme of extensions 
now in hand will expand this total at an increasing 
rate over the next few years, but there are indications, 
even so, that the demand will increase at least as quickly. 
The provision of further stations will introduce some 
difficult problems in balancing the economics of coal 


, supply, water supply. and advantageous distribution. 


At present, it is un the governing consideration 
is the price of coal, delivered at the station. 

That the present technical position is as good as it is 
is due to many improvements in the design of generating 
plant, and in the distribution of the current generated ; 
while no one of them can be described as spectacular, 
they have done much in combination to maintain 
efficiency. The principal advances include the greater 
use of pulverised fuel (to be used in about 70 per cent. 
of the new boiler capacity now being installed or on 
order) and of the spreader stoker; automatic systems 
of boiler control; feed-water treatment; hy 
cooling of alternators ; and the use of larger boiler 
units, operating under higher steam conditions. 
Common steam conditions for 30-MW sets to-day are 
600 Ib. per square inch pressure and 850 deg. F. steam 
temperature ; and for 60-MW sets, 900 lb. per square 
inch and 900 deg. F. To facilitate production of new 
plant, the sizes o' individual sets have been standardised 
at 30 MW and 60 MW, and some standardisation has 
been introduced also in the design of the stations. 

The problem of finding sites for new stations is likely 
to become acute in the near future; but once again 
it seems that labour will be the ruling factor, even if 
indirectly, and that there will be an in tenden 
to locate new stations on the coalfields, to reduce the 
ing and of the fuel. This solution will 
introduce new problems of distribution, and experi- 
ments are sevneiion with the use of 275-kV trans- 
mission lines. The t grid, of coursé, is not a 
transmission t a balancing network, designed 
to enable stations which have a tem reserve of 
capacity to come to the aid of those that are overloaded, 
and thus to reduce the amount of standby plant that 
must be kept in commission. If the present experi- 
ments with high-tension transmission are sati 
however, a high-tension ion network can be imposed on the 
existing 132-kV ; and this is understood to be the 
intention. Oil- switchgear is still predominant 
for voltages between 3-3 and 33 kV; but the use of 
air-break switchgear is increasing for lower voltages, 
and of air-blast gear for those above 33 kV, largely 





Abridged. 


because of the reduced fire risk. Other advances to be 
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noted are in the quality of insulating materials, ie 
production of high-voltage cables, and the improvem»nt 
of protective and méasuring apparatus. Hydro-electric 
power developments in this country, though note. 
worthy, are small in relation to the aggregate capac it 
af bay ay stations and, in the nature of things, > 
to remain so. 
growing use of pulverised coal and of autom:. ic 
ss of regulation have been mentioned as features 
characteristic of present boiler practice, but there re 
other eens which should be noticed. One is the 
— iven to increasing the availability of boil cs, 
condition if it is desired to constrict 
reneratng “noes in thy only one boiler per turb ne, 
increase in numbers of large boil-rs, 
cas of supplying a 6. MW set each, seems more 
probable than any spectacular development in the size 
of single boilers. Improvements in methods of cleaning, 
soot removal and have been appreciable 
in recent years and, no , doubt, will continue to be mace. 
If boilers could be kept in service fortwo between 
anit: Bich ywenebr abaya we: this would be a major 
bution to operating efficiency. 


(To be continued.) 





GRIT-ARRESTING PLANT AT 
FULHAM POWER STATION. 


Wuen the present 300-MW electric power station 
was erected at Fulham, London, in 1936, the condi- 
tion was imposed that grit-arresting plant should be 
installed to prevent nuisance in the neighbourhood. 
During the war the whole of the plant in this station was 
temporarily put out of action and although it is again in 
full operation it has not been possible to restore the 
grit-arresting plant owing to shortage of steel. The 

of expediting the re-erection of this plant, in 
order to eliminate a serious nuisance, was urged by 
a deputation of the Borough Council to the full-time 
members of the British Electricity Authority on Mon- 
day, February 14. This deputation expressed the view 
that there had been undue delay in placing the order 
for the plant after the Chancellor of the Exchequer 
had agreed to release the necessary steel. It was also 
represented that the installation could have been com- 
pleted earlier if the contract had been divided between 
two firms, thus enabling four boilers instead of two to 
be taken out of service at one time. Further, it was 
suggested that the problem could be dealt with by clos- 
ing the station temporarily and taking supplies from 
the grid. 

In reply, Sir John Hacking, deputy chairman (opera- 

tions) of the British aT. Authority, emphasised 
that everything possible would be done to get the con- 
tract completed at the earliest possible date. There 
had been no appreciable delay in placing the contract 
after steel had become available, and it was expected 
that the arresters for the first four boilers would be 
completed in August. A further four boilers would be 
equipped by December next, and the rest, 16 in all, 
in batches of four at four-monthly intervals by August, 
1950. Every opportunity would be taken to improve 
upon this programme. To close the station altogether 
during the summer was quite out of the question, 
owing to shortage of generating plant. For the same 
reason, not more than two boilers could be taken out 
of service at a time. Production, however, would be 
reduced as far as the general plant position would 
allow. 
Mr. J. N. Waite, controller, London Division, pointed 
out that the total weight of steel required was over 
1,000 tons, and that some 20,000 individual cells made 
from 20 miles of 6-in. and 3-in. diameter steel tubes 
had to be manufactured and assembled. About five 
miles of seal welding had to be carried out on site. The 
total length of the conveyors installed for the disposal 
of the grit was 2,000 ft., and these conveyors had to 
be threaded through a complexity of boiler-house 
plant for which no provision was made in the original 
design. Much of the auxiliary service piping would 
have to be altered, and there would have to odi- 
fications in some of the main structural steelwork. 





Use oF RADIO TELEPHONY IN STEELWORKS.—AD 
example of how radio telephony at very high frequencies 
can be used to facilitate communication between a control 
position and outdoor machines, such as dockside cranes 
and quarrying and ore-handling plant, which are con- 
tinuously changing their positions, is given by equipment 
recently installed by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, in 
a large steelworks. At this works, a machine is continu- 
ously employed to feed and reclaim crushed ore from a 
stockpile at rates depending on the working conditions. 
To avoid trouble with trailing cables, frequency-modula- 
tion equipment has been installed, and, in spite of the 
adjacent motors, has been found to have a service which 





is free from electrical interference. 
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RADIO DISTANCE-MEASURING 
EQUIPMENT FOR AERIAL 


NAVIGATION. 
Tus indication in an aircraft of its distance from a 
fixed id beacon has been said to be the most 


urgently needed radio aid to aerial navigation. As a 
result of much research, the major problems relating 
to this question have now been solved and several 
equipments have been placed in experimental a- 
a 5 ie af Guo of thnee.s eum toy ite. 
Busignies, in Hlectrical Communication, for September, 
1948, a copy of which has recently been ved. In 
oo ms described distance is measured by a 
* ch ger” transmitter carried in the aircraft and 
working in conjunction with a ground beacon. Both 
the challenger and the beacon are provided with a 
pulsed transmitter and receiver. The aircraft trans- 
mitter sends out a challenging pulse, which is received 
by the ground beacon and causes the transmitter of the 
latter to respond with a similar pulse after an interval of 
75 microseconds. The time that has elapsed between 
the transmission of the challenging pulse and the 
reception of the response pulse in the aircraft is then 
meas and is converted into an indication of the 
distance from the aircraft to the beacon, the sequence 
of operations being repeated frequently enough to give 
a smooth and continuous reading. 
In order that a number of aircraft may operate in 
a given area with a single ground beacon, the latter 
responds to all the challengers in its assigned channel. 
Each —- therefore receives the responses of the 
beacons to challengers. The air-borne equipment 
must therefore be provided with means of detecting 
and abstracting the to its own pulses. For 
this purpose special circuits, called the strobes, are 
provided which examine all the pulses received but 
only pass on to the distance indicator those which have 
the same characteristic tuning as the challenging 
pulses emitted from the aircraft. 

Each beacon must operate on a separate and well- 
defined two-way channel and each air-borne c 
must be able to select any beacon. The method of 
channeling used must be economical in the utilisation 
of the available frequency spectrum. The channels 
must also be sufficiently separated to eliminate inter- 
ference from adjacent channels and each beacon chan- 
nel must accommodate a large number of aircraft 
challenges without mutual interference. The desired 
distance range must be obtained with minimum trans- 
mitted and the dist ing equipment 
should not interfere with any other facility, such as 
aircraft identification, which may be using the same 
channels. In the United States, the frequency band 
allocated to distance-m ing equipment is from 
960 to 1,215 megacycles. Within this band a channel 
separation of 2-375 megacycles allows 51 two-way 
channels, The challenging channels cover the band 
from 965-375 to 1 084-125 megacycles and the reply 
channels, which are always 125-5 megacycles above 
the challenging channels, extend from 1,090-875 to 
1,209-625 megacycles. By using a crystal-controlled 

channel selection is simplified and operation 

is free from interference ; sharing the channels with 
other services is also simplified. The narrow band- 
width greatly reduces the possibility of interference 
from harmonics of lower frequency transmitters. 
Moreover, a given gr can service a 
number of aircraft because its high stability reduces t 
porn ters seared pmches css d oodnope As codes 
re not employed for channelling these can be used for 

ansmitting additional information over the distance- 
measuring channels. 

In the high stability dist ing equipment 
that has been developed by Federal Telecommunication 
Laboratories Incorporated, Nutley, New Jersey, both 
the receivers and the transmitters are crystal-controlled 
and, with the necessary radio-frequency power and 
measuring circuits, are housed in a single éabinet, which 
measures 15, in. by 16} in. by 7§ in. and weighs less 
than 365 Ib. power consumption of the apparatus 
is 260 watte ; and it can be operated over a temperature 
range of — 40 to + 60 deg. C. at a relative humidity 
varying between 5 and 95 per cent., and within a baro- 
metric pressure range from 8-5 in. to 31 in. of mercury. 
It operates on 5] channels, each of which has two 
crystal-controlled frequencies, one for transmission 
and one for reception, with a po oe difference Aes 
125-5 ycles. The two quencies provi 
for gach Capel are determined by a single crystal 
and 61 are housed in a rotating turret for 
the 51 ehannels. The single tuning control of the 
crystal oscillator, the tuning plunger of the transmitting 
oscillator and the tuning plunger of the receiver pre- 
— are linked to the channel lector mechanism. 

local crystal oscillator and uency multiplier 
supply a heterodyning signal to two radio-frequency 
converters. During transmission, a sample of the 
i oscillator is compared in an auto- 








between these is used to operate automatic frequency- 
control circuits as well as the tuning mechanism that 
adjusts the transmitter to the correct frequency. It 
is possible to maintain the frequency to within + 100 
kilocycles of the assigned value, but in practice a toler- 
ance of + 200 kilocycles is sati . The incoming 
signal passes through the receiver pre-selector and 
radio-frequency converter, the intermediate frequency 
amplifier and a special detector, which is designed to 
reject reception from adjacent channels when this is 
greater than 70 decibels. The radio-frequency output 
of the detector is fed to the distance-measuring 
indicators. 

For continuous distance indication, the receiver 
requires an input signal of 15 microvolts. The “ strobe ”’ 
circuit requires about 7 seconds to search through the 
distance range of 100 miles for the response from the 
beacon. It continues to search until the response is 
received, when it is “ locked ” into the signal from the 
beacon and gives a steady indication of distance. The 
accuracy of indication is within + 0-2 mile, or 1 per 
cent., whichever is greater, under normal slant range 
conditions. When a continuous indication of distance 
is being obtained the ‘‘ strobe ’’ circuits are locked to 
the responses from the beacon and the air-borne chal- 
lenger emits about 30 pulses per second. When no 
distance indication is being obtained the ‘‘ strobe ”’ cir- 
cuits search through the distance range for responses 
from the desired beacon and under these conditions the 
pulse-repetition rate is increased to 150 pulses per 
second. One aerial serves for both transmission and 
reception and is mounted under the fuselage of the 
aeroplane. It normally consists of 35 ft. of radio- 
frequency co-axial cable, which has a loss, under 
matched conditions, of 3 decibels in each direction. 
The peak power of the transmitting oscillator is 2 kW 
nominal, so that 1 kW is actually radiated. 

The ground beacon can be tuned to any one of 
51 channels. It has a nominal peak power output of 
5 kW and minimum and maximum outputs of 3-4 and 
6 kW, respectively. It is 6 ft. 4 in. high when standard 
19-in. panels are used and weighs than 500 Ib. 
It is designed for operation at temperatures between 
— 40 and + 140 deg. F., 5 and 95 per cent. relative 
humidity and atmospheric pressures equivalent to 
17 in. to 31 in. of mercury. Such beacons may be used 
for general navigation or at approaches to airports, 
and when employed for the former purpose both omni- 
range beacons and distance-measuring equipment are 
utilised. A maximum range of 100 nautical miles has 
been found satisfactory for this purpose. Within this 
range the beacon has been designed to handle from 
50 to 80 aircraft at a time. The traffic-handli 
capacity of a beacon is determined by the abilit 
the transmitting valves to dissipate power in the form 
of heat. With a total of 50 aircraft, one of the worst 
conditions is when five machines are searching and 
45 are tracking, and under these conditions 100 per 
cent. replies by the beecon would require a nominal 
duty cycle of 0-315 cent. However, operation 
with 80 per cent. replies is considered adequate and 
the present beacons have a duty-cycle rating of 0-25 
per cent. 

The transmitter is triggered by inputs to the receiver 
terminals which ex 15 microvolts. Flight tests 
have demonstrated that the equipment performs satis- 
factorily when less than 2 kW of peak power are 
radiated from the ground. A beacon rated at a peak 
power of 5 kW is therefore adequate for all practical 
installations and permits the aerial to be as much as 
70 ft. from the transmitter-receiver. In this case, more 
than half the total power is lost in the radio-frequency 
transmission line. The aerial must have an omni- 
directional radiation in the horizontal plane 
and a low angle beam about 10 deg. wide in the vertical 
plane. Thus, aeroplanes at high angles of elevation 
receive enough stray radiation for correct operation, 
although the maximum power is radiated near the 
horizon where it is most needed. 





THe LaTe Mr. W. A. RANDLES.— We regret to 
announce the death of Mr. William Albert Randles, 
which occurred on February 12. Mr. Randles, who was 
assistant on mechanical design to the chief turbine 
engineer of the British Thomson-Houston Company, 
Limited, Rugby, was born in Hanley, Staffordshire, in 
1888, and served an apprenticeship with Messrs. Twy- 
fords, of Stoke-on-Trent. On the completion of this he 
went to the General Electric Company of the United 
States and, while there, continued his technical training 
at the Union Engineering College, Schenectady. On re- 
turning to this country, he served for a short time with 
the British Westinghouse Company, at Trafford Park, 
Manchester, and joined the turbine drawing-office staff 
of the British Thomson-Houston Company in February, 
1912. Mr. Randles was transferred to the turbine- 
engineering department in May, 1925, and was associated 
with the development of the Whittle jet engine from its 
inception. Subsequently, he was engaged on the develop- 





i energy a 
matic frequency-control converter with the crystal. 
controlled local oseillator signal. Any difference 


ment of British Thomson-Houston gas turbines. 


REPAIRS TO BRICK FACING WALLS 
OF ROADE CUTTING. 


Repairs to the brick facing walls of Roade cutting 
on the London Midland Region main line between 
Roade and Blisworth, which were begun in April, 1946, 
are now approaching completion. The work was 
put in hand when sections of the walls started to 
bulge, and it was discovered that water was wearing 
away the soft face of the rock behind the walls and 
leaving cavities up to 4 ft. 6 in. deep between the 
brickwork and the rock. The cutting was constructed 
through limestone and clay- and water-bearing shale, 
and was to traffic in 1838. It has an av 
depth of 40 ft., but is 70 ft. deep in , and the walis 
are at angle of about 15 deg. to vertical. It was 
provided with the brick facing for most of its length of 
14 miles, and this, in some places, was only 44 in. 
thick prior to the repairs. Small areas of defective 
brickwork are therefore being removed, a new skin 
of 4}-in. or 9-in. brickwork is being constructed, 
and the cavities between the new sections and the rock 
are filled with colloidal concrete. Weep pipes, project- 
ing slightly from the face of the wall, have been incor- 
porated, the inner ends of the pipes being temporarily 
protected from the grouting by packing, which is 
stuffed into them. Large-sized aggregate has been 
a in the cavities and colloidal grouting i 

a height not exceeding 3 ft. Open joints have been 
left at certain places so that the penetration of the 
grouting could be observed. One advantage of using 
this material is that there is no risk of water being 
trapped and weakening the mix; effective adhesion 
and hydration are also assured. The erection of scaffold- 
ing has caused some difficulty owing to the necessity 
of providing a framework which clears the structure 
gauge of the railway. At various points, scaffolding 
bridges have been constructed over the lines to give 
greater freedom for unloading and stacking materials. 
Old brickwork and rock removed from the cutting 
have been stacked in the cess and loaded into wagors on 
Sundays. Water for the work has been obtained from 
an old culvert on the down side of the fast lines and 
pumped into a 2,000-gallon tank whence it is delivered 
to the Various equipment used on the siie. A light 
railway has been constructed along the top of the eastern 
bank of the cutting for delivering materials that are 
brought to the site by road. It is expected that the 
work will be completed in June next, and that 800,000 
bricks will have been used and 13,000 tons of materials 
conveyed to and from the site. 





IMPROVEMENT OF CREWS’ ACCOM- 
MODATION IN SHIPS. 


Tue Council of the Institution of Naval Architects 
have announced that, with the concurrence of the 
donors, Messrs. Watts, Watts and Company, Limited, 
shipowners, London, awards from the Watts’s Prize 
Fund will be made this year. The conditions are the 
same as were those of 1946. The award is for a propo. al 
to improve merchant-ship crews’ accommodation and 
may relate to new construction or to modifying existing 
construction. The proposal may be in the form of o 
written paper, an invention, a design, plan, process or 
product. The award is open to all members, associate 
members, associates and students of the Institution ; 
its value ranges from 251. to 50l., according to merit, and 
this sum will be awarded to the person responsible for 
the best proposal received by July 31. The Council, 
however, reserve the right to withhold an award 
altogether should a proposal fail to reach a sufficiently 
high standard, or, in their opinion, is deemed impractic- 
able of adoption, or otherwise unacceptable. In 
making the awards, the Council will have the advice of 
representatives of the National Maritime Board. 
Candidates are invited to consider the habitability 
of crews’ living spaces generally. They may treat the 
matter in a broad way orin detail. Thus consideration 
need not be restricted to structural design or to the use 
of new materials. Matters affecting health, such as 
ventilation, sanitation, washing facilities, etc., could 
be considered. Any proposal which would improve 
amenities, or add to safety, would come within the 
terms of the award. In any proposal, however, 
attention should be paid to practical considerations, 
such as cost and the economic use of space. Proposals 
must be workmanlike and bear relation to the imevit- 
able limitations of life afloat; moreover, they must 
be consistent with the service in which a ship would 
be employed. Proposals should be sent to the secretary 
of the Institution, 10, Upper Belgrave-street, London, 
8.W.1, and should reach him by July 31. When the 
award was last made, in 1946, two prizes were given. 
The first, of 501., was won by . J. E. Church, 
MIMar.E., AM.LN.A., of Whitechurch, Glamorgan, 
author of a paper entitled “‘ Improved Arrangements 
of Accommodation for Modern Vessels.”” The 
second prize, of 25l., was awarded to Mr. E. Holmes, 
Extra Master, A.I.N.A., of Hull, for his paper, ‘* Crews’ 





Accommodation in Merchant Ships.” 
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LABOUR NOTES. 


A DEADLOCK has arisen in the coal-mining industry 
on the question of the cost-of-living bonus, about 
which the National Union of Mineworkers recently 
made representations to the National Coal Board. 
Officials of the union were informed by the Board at a 
meeting in London last week that the Board refused 
to accept liability for the payment of any sum in excess 
of the 2s. 8d. a shift now being paid under the 1940 
wage agreement. This provided for a cost-of-living 
bonus increasing by 0-7d. a shift for each point by which 
the cost-of-living index rose. The old cost-of-living 
index, in operation when the agreement was made, 
came to an end, however, in June, 1947, and, since that 
date, the bonus has been stabilised at 2s. 8d. a shift. 
The union wished to have the bonus related to the new 
interim index of retail prices, which has risen by nine 
points to date. The Board estimated that the granting 
of this demand would have meant an addition of about 
ls. per man-shift to their wage bill. The Board’s firm 
rejection of the claim may not be well received in the 
industry and the union’s executive body will un- 
doubtedly consider the whole position afresh at its 
meeting next month. 


The National Coal Board also rejected a claim for 
the concession of free or cheap coal to miners in the 
Lancashire and Cumberland coalfields. The Board 
was unable to agree to the union’s claim for the exten- 
sion of the concession to all miners in those areas, 
in view of the cost and the amount of coal which would 
be involved. Cumberland miners and those at some 
Lancashire pits are the only ones in the country who 
do not enjoy the right of concessionary coal at the 

time. The men concerned are understood to 
eel strongly on the matter and they decided earlier 
this month to give notice of the existence of a dispute 
unless free or cheap coal is made available to them 
before the middle of March. In all, nearly 50,000 
miners are involved, and it is the Board’s case that 
the position regarding concessionary coal is taken into 
consideration when wage rates are fixed. The question 
of taking the matter to arbitration has been raised but, 
as some doubt appears to exist as to whether existing 
conciliation machinery can deal with the claim, further 
discussions between the Board and the union will take 
place to decide what tribunal would be appropriate. 





Some two months ago, the Board rejected a demand 
by the. union for an annual holiday of two weeks with 
pay, in lieu of the present arrangement of one 
week’s paid holiday. The heavy cost involved was 
given by the Board as the reason for refusing the 
claim which, it is now expected, will also be submitted 
to arbitration. The Board’s firm attitude in thus 
dismissing a succession of claims by the union seems 
a clear indication of their unwillingness to make 
further costly concessions until euch time as these 
can be justified by substantially increased coal produc- 
tion. It is also an indication of the dissatisfaction 
the Board feel at the results of the five-day week, 
increased wages and the other advantages already 
conceded. 


Officials of the National Union of Mineworkers are 
understood to have been receiving and collating 
reports from all areas and coalfields on the present 
involved and anomalous wage system in the coal- 
mining industry. Detailed proposals for the complete 
revision of the whole wage structure of the industry 





are being worked out from these reports and are} Mr 


expected to be ready for submission to the union’s 
national executive early in April. The financial 
results of the last two years show that the industry is 
hardly in a position at present to withstand the — 
of a general wage review. The industry lost 23 ion 
pounds in 1947 and the Board’s accounts for 1948, 
now being p , are not expected to disclose 4 
profit of more than two to three million pounds at the 
most, in spite of the rise in coal prices. A substantial 
increase in output, continued over a period, seems 
to be a necessary forerunner, therefore, to the many 
claims which the miners have presented. 





The weekly payments which are made under the 
Merchant Navy established-service scheme to supple- 
ment unemployment benefit are to be increased, 
according to a statement issued by the National 
Maritime Board on Friday, Feb 18. The supple- 
mentary payments on the new scale will continue to 
vary, as in the past, in accordance with the sea-going 
pay rates of the beneficiaries. The new rates, which 
have been to at recent meetings of the Board, 
will be 17. 10s. in lieu of 11., 2. in lieu of 11. 15s., and 
21. 15s. in lieu of 21. 10s. 





The total traffic receipts of the British Transport 
Commission, excluding receipts from road-transport 


traffic other than those derived from services operated 








by the London Transport Executive, amounted to 
414,477,000. in 1948, compared with 373,704,000/. in 
1947, an increase of 40,773,000]. British Railways 
realised a traffic income of 332,548,0001. in 1948, 
against 298,370,000/. in 1947, a gain of 34,178,000/. 
Receipts from the steamship services of British Rail- 
ways are not included in these fi . Gains are 
recorded under each heading in the tables published in 
the 13th issue of Railway Statistics, the official publica- 
tion of the rt Commission. Passenger fares 
mae 121,913,000/. in 1948, compared with 
eg are “ the prkers year. Minerals, coal and 
coke, livestock, and parcels b r train, pro- 
duced 29,171,000I., 67,203,000, 1,366,001 tad 
29,222,0001., respectively, in 1948, against 22,279,0001.. 
56,815,000/., 1,133,0007. and 26,520,000/., respectively, 
in 1947. 





In 1948, passenger receipts of the steamship services 
of British Railways amounted to 5,253,000/., and 
rec8ipts from the carriage of merchandise, mails, par- 
cels and livestock to another 4,348,000I., giving a com- 
bined income of 9,601,0001. for the year. In 1947, 
passenger receipts produced 4,862,000/., and the car- 
riage of merchandise, mails, parcels and livestock a 
further 3,784,000/., making the combined income of 
the steamship services 8,646,000/. for that year. The 
traffic income of the Inland Waterways Executive 
for 1948 was 1,729,0001. ; 763,000/. being derived from 
tolls and 966,0001. from freight charges. That Execu- 
tive’s income for the preeies year was 1,571,0001., 
comprising 639,000/. m tolls and 932,000/. from 
freight charges. The hotels and catering services of 
the rt Commission had a total income of 
13,293,000/. in 1948, compared with one of 12,448,0000. 
in 1947. London Transport Executive received an 
income of 57,306,0001. from traffic receipts in 1948 ; 
14,607,000/. from railways, 31,486,000]. from "buses 
and coaches, and 11,213,000/. from trams and trolley- 
*buses. In 1947, the Executive received 52,669,0001., 
comprising 13,363,000. from railways, 28,799,000I. 
from "buses and coaches, and 10,507,0001. from trams 
and trolley-’buses. All figures quoted in this and the 
preceding paragraph represent gross receipts and they 
do not reflect the variations in expenditure which any 
estimate of net revenue must take into account. 





The training of apprentices in metal patternmaking 
is the subject of comment by Mr. W. B. , O.B.E., 
the general secretary of the United Patternmakers’ 
Association in his union’s monthly Trade Report for 
February. Mr. Beard writes: “ Members will recall 
that an agreement was reached between the Engineering 
and Allied Employers’ National Federation and the 
Confederation of Shipbuilding and Engineering Unions 
on the recruiting and training of juveniles which pro- 
vided for the setting up of committees on a local basis 
to deal with the training and, in some cases, the selec- 
tion of apprentices. District committees and branches 
have asked the general office why other trades have 
detailed training schemes when there is no curriculum 
for patternmakers. The reason is that the scheme 
offered to us was not acceptable. Metal patternmaking 
was not included in the draft we received and we 
raised the matter through the Confederation with the 
result that further discussion will take place in an 
effort to reach an agreement.” 





“‘A considerable number of the Association’s members,” 
. Beard continues, “ are employed on metal pattern- 
making. Some are so engaged all their time and others 
for part of their time. ft is essential, therefore, that 
our apprentices should receive training in metal work 
whenever possible. Some boys will not have that 
opportunity but whenever our members are 

on metal work, whether of patterns or foundry equip- 
ment, we should insist that provision is made in any 
apprentice-training scheme for all apprentice pattern- 
makers to d some of their time on this work, where 
this is possible. It may be that, at a certain point in 
the training, an apprentice will decide to spend the 
rest of his apprenticeship on either metal or wood alone, 
but, in any case, he should receive training in the 
operation of metal-working machines, whenever our 
members are so engaged.” 


Mr. Beard states that metal patterns will be required 
in increasing numbers in this age of mass production 
and that it is the duty of his Association to provide 
more members of the craft equipped to meet the chang- 
ing conditions. All ing i 
same and many mem of the Association are not 
only making master but the lay-outs as well, 
for tool fitters to complete in metal. . Beard adds 
that this completing ao tte tool fitters has been 
due, in many cases, to their inability to provide pattern- 
makers to do the work. He asks that the training of 
the lads should be complete. 


is basically the | speeds, 





MARINE ENGINEERING IN THE 
ROYAL NAVY.* 


By Ena. Viczs-ApmmraL Str JonN Kuincoomz, 
K.C,B., M.T.Mech.E. 


Just 19 years ago, Engineer Vice-Admiral Sir 
Reginald Skelton delivered the Third Thomas Lowe 
Gray Lecture and gave an account of marine engineer. 
ing in the Royal Navy from about 1815 to just after 
the end of the 1914-18 war. He described the develop. 
ments which had occurred during that period, from the 
earliest side-lever engine and jet condenser to the 
geared turbine and surface condenser; from the fiue 
boiler, supplying low-pressure saturated steam, to the 
water-tube boiler supplying high-pressure superheated 
steam ; from the dle wheel to the screw propeller ; 
and from coal to oil fuel. I shall endeavour to continue 
the account for the quarter-century commencing in 
1922, when the first post-war designs were under 
consideration. 

At the beginning of this period, marine engineer ng 
really meant steam engineering; in the Royal Navy 
the use of internal-combustion engines for propulsion 
an ae was limited to submarines, small craft, and a 
ew minor war vessels. Even in the Merchant Navy 
only about 4 per cent. of the total tonnage of shipping 
was propelled by internal-combustion engines, although 
about 9 per cent. of the tonnage of new construction 
was to be fitted with these engines and the percentage 
was increasing each year. By 1947, the challenge of 
the internal-combustion engine had been strengthened 
by its fine performance during the 1939-45 war, and 
it had become a fully accepted competitor with the 
steam engine in merchant ships, but in the Navy the 
steam engine still predominated; a new competitor, 


1. , 


Steam Rate...Lb. per S.H.P. per Hr. 








Percentage of /Power -nomernnc’ 
the gas turbine, was in the field, and in this the 
first gas turbine to be fitted in a naval vessel carried 
out successful sea trials. 

On the conclusion of the 1914-18 war, there was an 
almost complete stoppage of naval new construction ; 

ign departments were mainly concerned in studying 
the lessons of the war, and in planning future designs 
in the light of engineering progress during the war 
years. Naval aston | had stood up well to the test 
of war conditions, and there were only two major 
mechanical troubles, namely, the failure of the D-shaped 
water drums of boilers, and the failure of brass con- 
denser tubes. These problems were soon solved, the 
former by the aye of circular water drums, and 
the latter by the adoption of cupro-nickel tubes. 

In all marine designs there are three essential require- 
ments: reliability, economy at full 
ability. The: naval designer must, however, obtain 
these with minimum weight and in the minimum space, 
and, in addition, the design must provide good economy 
at all powers, endurance, and flexibility combined with 
simplicity in handling and maintenance. The need 
for economy at all powers raises many problems. 
Economy at full power is of major importance to the 
designer as it affects the overall weight and space of 
the machinery, but, from the operational aspect, it is 
of less importance in warships than in merchant ships, 
as the former seldom steam at high power for long 
periods. In peace time, most are made at the 
most economical speed, to save fuel. In war time, 
warships proceed at various speeds, depending on 
circumstances, but most of the time is spent at moderate 
and, as fuel economy enables the ship to remain 
longer at sea, the war cruising-speed is kept as low as is 
consistent with safety. 

Thus there,are three main conditions where economy 


(9488.4) 





* The 2ist Thomas Lowe Gray Lecture, delivered at 
@ meeting of the Institution of Mechanical Engineers 
held in London on Friday, January 21,1949. Abridged. 
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at the | efficiency at some point lower than full power, a design 
these have | could be obtained which on better overall 
regards economy at cruising speeds, but 
at.some sacrifice in weight and space. Fig. 1, opposite, 
the Washington | shows comparative curves of steam consum fi 
turbine (chain-dotted line) and one 
eel at inlet to high-pressure turbine 


x i for maximum | a@ unit with 
ciency at, full power. By aiming for maximum | with an 


with maximum efficiency at full power (continuous line) 
or with maximum efficiency at half-power (dotted line). 

The ability to increase or decrease rapidly is 
essential in warship designs. Originally this require- 
ment was more applicable to small ships, such as 
destroyers, but with the advent of aircraft it is now 
equally important for the bigger ships, particularly 
airoraft carriers. Simplicity of design and accessibility 
are of major importance, as warships may have to 
operate in any part of the world, and must, there- 
fore, be able to maintain themselves for. a reasonable 
time without assistance. 

In a warship there is a varied collection of auxiliary 
machinery, both ancillary to.the main machinery and 
for other duties; most of these are now turbo-driven, 
and, owing to limitations in weight and space, only the 
larger and more important are fitted with separate 
condensers. The remaining. turbo-auxiliaries. are, 
therefore, uneconomieal units, and. the recovery and 
utilisation of the heat rejected in their exhaust, form 
a highly important factor in the economical develop- 
ment of the naval machinery unit. 

In 1922, conditions were most unfayourable for 
progress: the first. world war had ended, naval esti- 
mates had been heavily cut, and the. staff of the 
Engineer-in-Chief’s Department had been drastically , 
reduced. The Washington Treaty of 1921 had set 
such limits on the Navy that weight-saving was given 
the highest priority—even higher than technical effi- 
ciency. Owing to the lack of adequate research 
facilities, most new design features could only be tried 
out in operational ships. Nevertheless, steady progress 
has been made throughout the period, as shown by 
Sir Stanley Goodall in a paper read in 1946.* He 
referred to the reconditioning of the Queen Elizabeth 
class, and said that reconstruction of such a drastic 
nature was only rendered possible by the advances in 
marine engineering practice during the previous quarter 
of a century, as could be seen from the comparison in 
Table I, herewith. The weight of the machinery was 


TABLE I.— Advances in Propelling Machinery of 
80,000 8.h.p. 





| As Originally | As Completed 
me | Designed. in.1940. 





Weight of main engines and | 





a tons mee . ot 3,080 1,570 
oor space occupied by main | 
engines and boilers, sq.ft. .. 13,150 8,610 
Steam consumption at full 
power, lb. per s.h.p.-hr. --| 12-8 9-4 
| 





nearly halved, the space reduced by a third, and the 
steam consumption at full power reduced by a —— 

The machinery of the Queen Elizabeth c of 
battleship was particularly suitable for conversion, as 
it was designed in 1914 before the adoption of super- 
heated steam and geared turbines, whereas the con- 
version design embodied both these features and the 
further adyances made during the between-war years. 
Reduction in the weight of machinery is of im ce 
to the shipbuilder, as any savings can be used for more 
fuel or les items of military importance, but, for the 
engineer-designer, weight reduction must not be carried 
out at the expense of reliability, and the degree to 
which weight-cutting can be achieved should depend 
on the ieapietante of the ship considered as a military 
unit. Table II, herewith, compares the various classes 


TABLE Il.—Advances in Output (8.h.p.) per Ton of 
Main Engines and Boilers. 














Capital Ships. D yers. 








cenit, | | 
Hood ee . 34 | Hawkins | “D” class | “ Vee” class 
39 48 77 : 


Queen Elizabeth 
(conversion) .. 51 
Modern big ship 60 Modern cruiser 75 Modern des- 


troyer 95° 











of ships and shows the advances made in each .class. 
The figures represent shaft horse-power per. ton of main 
engines and boilers. 

The basic factors in steam machinery available. for 
variation are the pressure and temperature of the 
steam generated by the boilers. Raising the pressure 
and temperature increases the thermodynamic potential 
and, if advantage can be taken of it, the overall 
efficiency. In 1922, British ships were using saturated 
steam at 220 lb. per square inch, but superheated steam 
was being introduced in all new construction; the 
steam conditions in the Nelson class were 250 lb.. per 





* “The Royal Navy at the Outbreak of War.” Trang. 
I.N.A., Vol. 88, page 1 (1946). 
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square inch and 575 deg. F. By 1928, pressures and 
temperatures had risen to 300 lb. per square inch and 
625 deg. F., and it was apparent that higher tempera- 
tures would present new and unfamiliar problems. At 
this time, steam conditions in land plant were 330 lb. 
per square inch and 720 deg. F. on average, with a 
maximum of 620 Ib. square inch and 840 deg. F., 
and it was evident that higher steam conditions would 
soon be in use. 

An experimental unit using steam at 500 lb. per 
square inch and 750 deg. F. was i in the 
destroyer Acheron. Successful trials were carried out 
on com: the fuel consumption for all purposes 
being 0-608 Ib. shaft horse-power per hour, as 
compared with 0-81 Ib. per shaft horse-power per hice 
of her sister ships using steam at 300 lb. per square 
inch and 625 deg. F. Naturally, there were 
troubles, and it was most unfortunate that the Acheron 
was transferred to the Mediterranean with the rest of 
her flotilla. Normal duties may be the best way to 
find out the weaknesses in a design, but with so novel 
a design it would have paid to retain this ship in home 
waters and run her hard, but under the control of the 

-in-Chief of the Fleet. On the whole, the 
and auxiliaries were fairly satisfactory. The 
h- turbines gave continuous trouble, which 
pas und »ubtedly have been overcome by develop- 
ment testing ashore, had facilities been available. 

By 1935, the war clouds were blowing up over Europe, 
and a policy had to be adopted in the big reconstruction 
programme which began in 1936. The steam conditions 
mn land plants were by this time up to 400 Ib. per 
square inch and 750 deg. F. on average, with a maxi- 
mum of 1,800 lb. per square inch and 900 deg. F., and 
it was known that certain foreign navies were using 
higher steam conditions ; in view of experience in the 
Acheron, it was decided to take no risks and to revert 
to the method of step-by-step advances. As a result, 
at the outbreak of the 1939-45 war, the large shi ipe 
pre ne te Banta per square inch and 7 

deg. F.; destroyers, however, were still using 300 Ib. 
per square inch and 650 deg. F. for production and 
maintenance reasons; this was a complete 
the usual practice, which was to incorporate the more 
advanced designs in destroyers and to adopt them 
in the bigger ships only after they had been thoroughly 

ved under the severer conditions of the destroyer. 

e Acheron trial was a great disappointment and 
stressed the need for an Admiralty research establish- 
ment and for facilities for the fall-atale Casting ethene 
of ships’ machinery and equipment. 

The fact that the steam conditions in British ships | t 
were lower than those in the United States and German 
navies has given cause for criticism, and it may be of 
interest to consider how the higher steam conditions 
were developed in the two countries, respectively. The 
United States Navy decided to carry out a test similar 
to that on the Aaa, but in a flotilla of destroyers, 


hohe 


of | 850 deg. F. 








not just one ship. They tackled the problem 
differently, however ; ; they made use of their 
land industry, which already had 
experience of higher steam conditions, and set 
it pasa producing a design for de- 
stroyer to meet two alternative con- 
ditions : 42,000 shaft horse-power with steam 
at 385 Ib. per square inch and 620 deg. F., or 
52,000 shaft horse wer with steam at 375 lb. per square 
inch and 825 deg. deg. F., bo! both at the turbine throttle. The 
Navy’s decision about future policy did not have to be 
er 4 until 1938, by which time most of the teething 
troubles of the original destroyer design had been over- 
come. Even so, it is understood there was a good deal of 
discussion before these steam cunditions were extended 
joel | ships, but their subsequent adoption was fully 
ied by war experience. The item which probably 
contributed most to this successful development was 
the locked-train double-reduction gearing, which had 
been developed in the United States in the between-war 


In Germany, where the trend was to use even 
pressures and temperatures, the development was 
carried out in merchant ships, an early example being 
the Uckermark, which was fitted with a high-pressure 
Benson boiler as early as 1932. Further marine experi- 
ence was obtained in the liners Scharnhorst and igo 
nau (650 Ib. per square inch and 850 deg. F.), and 
Potsdam (1,300 Ib. per square inch and 875 deg. F.), 
the latter being fitted with Benson boilers. A Narvik- 
class destroyer, which came to the United om 
after the surrender of Germany in 1945, was fitted with 
single-reduction geared turbines using steam at 1,100 lb. 
per square inch at 930 deg. F. Possibly this high 
pressure was used to reduce steam pipe sizes and to save 
machinery space; actually the i spaces, 
though very congested, were | than in the corre- 
spo! British destroyer and the steam consumption 
was 

Towerds the end of the 1939-45 war, the steam con- 
ditions in British destroyers were raised and a design | personn 
was using steam at 650 lb. per square inch at 
For this new design, and for her work 
in the high-pressure, high-temperature steam field, 
great advances will be required in the technique of 
turbine detail design and manufacture, in the juc- 
tion of mn in steam-valve and steam- 
pipe od sr Larva cg ~ ner weall of auxiliary 
machinery, and in man The firms 
en the industry have steaiy inens shown that they have 

iated their lack of research facilities and have 
peetmraeney Meeps My at meet fap mre | 
the Parsons and Marine Engineering Turbine Researe 
and Development Association. This establishment 
includes a test house where high-powered ‘marine sets 
can be tested at full power. 

Advances in boiler have undoubtedly made 

the major contribution to the large saving in weight 











_ Fie. 6. Dovustz-Repvction Graz ror Fricare. 


and space of naval machinery over the past 25 years. 
The two main reasons for these advances are that facili- 
ties have been available at the makers’ works for full- 
scale testing of boilers, and that the Admiralty research 
establishment at Haslar has been able to carry out con- 
tinuous research and development work on boiler 
designs and on the closely related subject of fuel com- 
bustion. The priority task assigned to the Admiralty 
Fuel Experimental Station on the conclusion of the 
1914-18 war was the development of a superheater 
suitable for warships. A design was prepared with 
the superheater tubes behind the fourth row of generat- 
ing tubes, so overcoming the disadvantages of the 

take type of superheater previously fitted. Trials 
of this new were carried out in the test house at 
Messrs. Babcock and Wilcox works at Renfrew and 
were satisfactorily completed in time for superheaters 
of this type to be ‘fitted in the Nelson, the first new ship 
of the post-war . This type of superheater, with 
minor modifications, was fitted in subsequent ships 
until it was replaced by the Melesco design. 

During the 1914-18 war, the oil- ‘fired small-tube 


boiler had given service in cruisers and destroyers, 
but the change from coal to oil in the big ships had 
taken place only towards the end of the war. With 


this change, there was no | any reason for retaining 
the large-tube boilers previously fitted in big ships, 
and the Hood, completed just after the 1914-18 war, 
had 24 oil-fired heer tube boilers for her 144,000 shaft 
horse-power, whereas the Tiger, of 108,000 shaft horse- 
power, had 39 coal-fired large-tube boilers. The result- 
ant pe in weight and space of machinery and in 
inted the way to the adoption of a smaller 
aaa nap ‘ larger boilers in future designs. With this 
end in view, much work was done on the. development 
of larger oil-fuel ry oe at the of the 
riod, the largest fuel sprayer had an output of 
500 Ib. per hour, but new designs with pe eatpets up to 
about 1 ton per hour have since been devel 
The development work on boilers has been mainly 
Foibrer by full-output shore trials of actual ship 
ilers; but, owing to the unfortunate position of 
the Ene oe FE. S. at Haslar, where the duration of trials 
are limited by the tide, most of these trials have been 
carried out at the makers’ works at Birkenhead, and 
on the Tyne and Clyde. These arrangements were not 
entirely satisfactory and, during the war an 
Admiralty test house was poner at pepe Se and 
a number of the latest boilers have been tested there 
The shortcomings of the Haslar site have now been 
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recognised, and Admiralty approval 
for setting up a new and equi| establishment 
on the Tyne, a8 soon as money and ing labour are 


available. 

PraeenineoeSe kip teense ee. 
pered by the ever pressing need for decreases in weight 
and space; for-example, the addition of air eaters 
and economisers would certainly have in a 
big increase in boiler efficiencies, but only at the expense 
of a considerable increase in weight and space. The 
merits of these two items were com and it was. 
mainly owing to weight considerations that the air 
preheater was chosen. i trials were carried 
out in @ cruiser in 1931, and air preheaters have since 
been fitted in most cruisers and bigger ships; they 
were also fitted in a few destroyers, but space limitations 
are so severe in this class that their general adoption 
has not been possible. The fitting of air preheaters 
necessitated a change in the fuel-burning arrangemen 
with the consequent development of the “ closed front ” 
for boilers; this was so successful that it was fitted in 
subsequent boilers even where no air preheaters were 
fitted (see Fig. 2, page 189). The possible uses of 
Seepage phn Seago nip meget 
lighter weight of the m designs they would 
probably have been fitted for trial during the late 
nineteen-thirties but for the international situation, 
and the need to standardise designs when production 
becomes the most important requirement. Economisers 
have, however, been fitted on some of our latest boilers. 

Fig. 3, on 189, shows the development of the 
Admiralty boiler over this period ; some of the main 
changes were as follows. (a) The elimination of the 
straight tubes of the Yarrow design and their replace- 
ment by bent tubes, so ing a convenient space 
for the superheater. (5) The deepening of the tube nest 
from 17 or 18 rows to 20 or 21. The old method of 
assessing the forcing rate of a boiler in nds of fuel 
burnt uare foot of heating would be 
sound if each row of tor tubes extracted the 
same amount of heat the gases, but, with fire 
rows taking so much more than the outer rows, it could 
be misleading. As the fire-row tubes are the most 
heavily loaded in the boiler, a new forcing-rate figure 
was evolved: pounds of fuel per square foot of tube 
wall area, i.e., the flat area of the tube nest ex to 
the radiant heat of the furnace. (c) The change in tube 
bores from 1} in. to 1} in. for the fire-row tubes and 
from 1} in. to 1 in. for the tubes outside the super- 
heater. The former change was necessitated by the 
higher forcing rates and longer fire-row tubes of the 
modern boiler ; the latter was made with bok object of 
increasing efficiency without any appreci increase 
in weight. (@) The increase of tho ptepma drum dis- 
meter 50 in. to 56 in. to give adequate tube-plate 
arc for the increased number of rows of tubes. This 
change had the added advantages of providing a greater 
water-line area and a larger steam space. (e) The 
ome of feed augmentors to improve the circulation. 

adoption of external downcomers to ensure 


has been obtained 


veirivetn drums. All-forged 

Acheron’s boilers with the pressure 
square inch ; forged drums with riveted ends were 
for lower pressures (300 to 400 Ib. per square inch) but, 
with the advance in welding technique, the present 


practice is to use riveted drums up to 300 Ib. per square 
inch and welded drums for er pressures. The 
advances resulting from these c in the pressure 


parts of the boiler are shown in Table III. 
Concurrently with these developments much work 
has been done at Haslar on i Furnace 
temperatures rose with the increased forcing rates, 
necessitating the use of better quality bricks in order 
to meet the more severe conditions without unduly 
increasing the weight of the boiler. Contact has also 
been maintained with developments in other types of 


boilers both at home and abroad : various designs have | plate 


been fitted from time to time for comparative trials 
with the Admiralty boiler—for example, the Babcock 
and Wilcox “ Express ” boiler; the Yarrow five-drum 
boiler, both front-fired and side-fired ; the Thorn: ft 
“Grafton” boiler; the Lamont boiler; the Jo 
boiler ; and the Foster Wheeler boiler, both single-furnace 
and dcuble-furnace. A Yarrow controlled-superheat 
boiler was built for a ‘‘ Weapons class destroyer and 
satisfactorily tested at Yarrow’s own test house, but 
was not fitted owing to the cancellation of the order 
for the vessel. A Babcock and Wilcox .two-furnace 
boiler is under construction for the latest destroyer 
d A small Velox unit was installed at the 
A.F.E.S., but difficulty was a re ae with the auto- 
matic controls and work was eye ae by lack of 
ishment. In 


staff and the unsuitability of the 
general, the Admi has held its own in these 
trials, except in the case of the controlled-superheat or 


ts, | low-pressure turbines ; (2) with impulse he om 
an 


two-furnace boilers, in which the superheat characteris- 
tic is much better than can be obtained from th 
standard Admiralty boiler. 

At the end of the 1914-18 war, we were fitting both 
Parsons and Brown Curtis turbines (for convenience, 
these will be referred to as reaction and impulse, 
respectively), with preference towards the latter, and 
err turbines were ore, :. the ved four ships of 

war mme. ‘ortunately, serious blade 
failures pel a gy some due to blade’ vibration and 
some to wheel flap. In consequence, opinion swung 
over to the reaction type, and these have fitted in 
all subsequent ships with a few exceptions. The 
relative merits of the two types have again come up for 
consideration in connection with the latest destroyer 
design, and it has been decided to fit three different 
designs in order to get direct service experience in both 
types; these are: (1) with reaction high-pressure and 


and reaction low-pressure turbines ; 
impulse high-pressure and low- turbines. 

bines have args been designed for maximum 
efficiency at or about fu , and special arrange- 
ments have had to be e to meet the requirements 
of economy at the peace and war cruising speeds. In 
some ships, separate cruising turbines have been fitted, 
coupled either directly or through gearing to the high- 
pressure turbines. Quite a from "the additional 
weight and space involved, these entail additional and 
undesirable complications in pipe arrangements and in 
operation ; moreover, if operational requirements call 
for speeds just above the range given by the cruising 
turbines, they become redundant, and the main turbines 
have to be used under unfavourable conditions as 
regards economy (see Fig. 1). In other ships, cruising 
stages have been fitted in the Nigh probate tarthae 
these were not very satisfactory, as there was a tendency 
for overheating to occur owing to the lack of steam 
flow under high- steaming conditions. Probably 
the simplest arrangement is the provision of an impulse 
wheel at the inlet end of the high-pressure turbine with 


TABLE III.—ApDVANCES 


the turbines of a Kent class cruiser and a modern 
cruiser turbine unit of the same . The high- 
pressure turbine-bearing pedestals were ori cast 
integral with the bottom-half turbine casing, but’ with 
rising steam temperatures, cocking of the turbine feet 
occurred : separate pedestals are now fitted, secured to 
the turbine castings by bolts in clearance holes ; align- 
ment is maintained by horizontal keys near the hori- 
zontal joint, and a vertical key at the centre line near 
the bottom of the pedestal. 

The higher steam tem also raised a problem 
in connection with the astern turbines which, as shown 
in Fig. 5, are fitted at one end of the low- turbine 
casings. Under prolonged astern steaming, overheating 
occurred in the ahead blading of the low-pressure tur- 
bine, owing to some of the exhaust steam from the astern 
turbine passing through both flows of the ahead turbine 
blading to the exhaust annulus at the far end of the 
turbine. This difficulty can be overcome in new designs 
by fitting astern turbines at both ends of the low-pres- 
sure casing, but to overcome the difficulty in existing 
ships desuperheaters had sometimes to be fitted on the 
astern steam supply. 

War experience proved the weakness of cast iron to 
shock, and quite early in the 1939-45 war we were faced 
with the problem of changing all designs with cast-iron 
turbine casings. A change to cast steel was not 
possible, as the steel foundries could not possibly have 
met so a demand. Welding a to offer 
the only solution, although at that time there were not 
enough firms in the country with sufficient welding 
experience to meet all the requirements ; neither was 
there much knowledge on the design of such 
welded structures. Requirements were finally met by 
using cast-steel high-pressure and astern turbine casings 
and welded low-pressure turbine casings. The number 
of defects in steel castings ‘was rather disturbing, and 
it is evident that casting designs must be simplified 
and foundry control and technique im if such 
defects are to be avoided. It may be that the problem 
will be solved only by the greater use of welded casings 


IN BOILER PERFORMANCE. 




















Modern Capital Ship. 
“I” Class Modern 
— Nelson. 
Destroyer. Destroyer. With Air With 
Pre heater. Economiser 
| 
Length of fire-row tube aii a 9 ft. 6 in, 10 ft. 0 in 11 ft. 8 in. 11 ft. 0 in. 10 ft. Sin, 
offarnace .. on a6 < oe 8 ft. 9in. 9 ft. Sin 15 ft. 1 in. 11 ft. Lin. 10 ft. 3 in. 
Eva) on from and at 212 deg. F., Ib. per hr. 104,000 136,000 290,000 222,000 J 
Fu pes on. ©, weal aoen, gee be. ~ oe “44 48 59 55 55 
ae ae ber, Ib. per hr. 9-2 11-6 | 12-6 } 12-7 11-6 
Fuel per sq. ft. of :— 
(a) Generating heating surface, Ib. per hr. 1-18 1-34 | 1-4 1-6 1-6 
(6) Total heating surface, Ib. per hr. .. 1-02 1-14 | 1-26 0-74 0-71 
Efficiency, per cent. + 98 om ain 73 | 75 80 85 
ivaperalion from and at 212 deg. F. per Ib. of 
boiler weight, Ib. per hr. $3 ee re 0-92 1-34 1-64 1-74 1-24 

















ups of nozzles controlled by valves, as fitted in the 
test designs ; but efficient operation is dependent on 
the manual epening Aad closing of the nozzle-group 
control valves in to maintain the minimum num- 
ber of nozzles in use for the power required. Unfor- 
nape dls was & ponpeney to yn ye valves 
open necessary with consequent of efficiency, 
and, to overcome this human weakness, the United 
States Navy method of operating all nozzle-group con- 
trol valves in sequence by the movement of the main 
maneuvring valve is being adopted in the latest 


ough the blading in the impulse wheels is of 
39-ton austenitic steel, several failures have occurred ; 
it has been established that the fai'ures are due to 
vibratory stresses set up by resonance of the blade in 
its fundamental nat frequency with the frequency 
of the steam impulses from the nozzle jets. Once the 
cause of the failure was known, it was relatively easy 
to take the corrective measures. Inaceuracies 
in the assembly of the earlier cast-in nozzle plates com- 
plicated the problem and accurately machined nozzle- 
assemblies are now being fitted. Very little other 
mechanical trouble has been experienced with turbine 
blading, but under war conditions there were some 
corrosive troubles with stainless-iron blading in the 
low- turbines of some destroyers; as no such 
Seoubte ipasenpestunsed lithe ianguseel the corrosion 
was probably caused by priming of the boiler, resulting 
from salt-water contamination of the feed. 

Although there have been no outstanding changes, 
various detail improvements have been made in turbine 
design, either to improve efficiency (by the use of end- 
tightened blading in the high- turbine), or to 
simplify production (by the use of side-locked segmental 
blading instead of the — individual “ey and 
ing pieces), or to. meet ge: ts of rising 
on stainless iron or 
Monel blades instead of bronze), or to save weight or 


or of composite units consisting of simple castings and 
welding. The effect of the various changes in turbine 
design on weight and space are shown in Table IV, 
herewith. 


TABLE IV.—Advances in Turbine Design. 











High Pressure. Low Pressure. 
_— | 
| Kent Modern | Kent Modern 
| Class. Cruiser. Class. Cruiser. 
Length between 
bearings .-] 10ft.11in.| 8 ft. 6in, | 12 ft. $in.| 11 ft. Sin. 
Speed, r.p.m. ..| 3,000 8,474 2,100 2, 
Weight of tur- 
bine, tons A 13} 10 303 25 














Correct operation of the turbine glands, which is 
essential for efficiency, entails much work for the 
engine-room watchk in warships, where changes 
of speed are frequently made. The operation, how- 
ever, has been greatly simplified by the adoption 
of the “pot” system; suitably sized pipes are led 
from each turbine gland to a pot reservoir which is 
fitted with a steam supply and a leak-off to condenser ; 
by manipulation of the control valves on these two 
leads, one watchkeeper can maintain a pressure of 
about 4 Ib. per square inch in the pot, and so pack all 
glands. This system has worked well, but there is still 
some steam | into the engine rooms. To improve 
the habitability of the engine rooms, the latest i 
is to fit a gland evacuation system, small steam ejectors 
being fitted to the outer gland pockets, while the pot 
system = the inner gland pockets, the pressure in 
the pot being raised to about 3 or 4 lb. per square inch. 

The main reduction in warships, since their 
introduction during the 1914-18 war, have been of the 








temperatures (by the adopti 
egy pare aye ' 
. Figs 4 and 5, opposite, give a comparison between 


double-helical single-reduction type; reduction ratios 
were between 7 and 9 for the high-pressure stage and 
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By 1922, the design had been standardised with a 
helix angle of 30 deg., a en »& 
todth pitch normal tooth ys in., and an 


involute form of tooth with well-rounded fillets. 
length of each helix was about 2} times the pitch-circle 
diameter of the high-pressure pinion; 
bearing was’ between the two helices to keep 
the distortion due to ing and torsion within accept- 
able limits. 


The first step towards modification of the tooth form, 
to enable the teeth to a heavier load, was taken 


which had a loading factor. approximately equal to 
that of the standard involute gearing, gave no trouble, 
but tooth fractures due to fatigue failures at the roots 
of the teeth occurred in all the other ships. Complete 
breakdown of the V.B.B. gears during the trials of a 
cruiser in 1935 was attributed to absorption of backlash 
and consequential distortion, and led to the rejection 
of this tooth form for warships. Soon after the adop- 
tion of the V.B.B. gear, the Parsons improved involute- 
tooth form, commonly called the A.A. or all-addendum 
gear (although it is only the pinion teeth which are all- 
addendum, the gearwheel teeth being all-dedendum), 
gear was satisfactorily tested in 


cruising 
pitch remaining at 30 deg. and 7, in., respectively, but 
the angle was increased from 14} deg. to 
. With the higher loading factor of these teeth, 
the length of each helix came down to below 1} times 
the ‘pitch-circle diameter of the high-pressure pinion, 
and we were able to omit the centre ing and 
keep the distortion due to torsion and bending within 
acceptable limits. 
hough many of the earlier involute gears have 
given excellent ice, as evidenced by the fact that 
installed during the 1914-18 war were still running 
at the end of the 1939-45 war, they were very noisy and 
pitting on the tooth surfaces, particularly in the region 
of the pitch line, was a — defect. a need for 
im: i -cutting technique was ap 
ciated both’ by the contractors and the ‘Admire . 
The National Physical Laboratory ag every assist- 
ance in developing instruments for checking the 
of the gears, and all gear-cutting machines 
and hobs had to pass N.P.L. tests before being used for 
— naval gears. As a result of these measures, 
and of the efforts of the contractors, the standard of 
gear cutting has risen, but it is evident from contacts 
with the United States Navy that it is not as high as 
that in America, where all gears are subjected to post- 
hobbing processes of shaving or lapping, and are then 
run on shore under torqué to correct errors. The 
specifications for the double-reduction to be 
fitted in the latest destroyers have been stiffened up, 
but there is still much to be learnt about the production 
of gears. An Admiralty Vickers Gearing Research 
Association (A.V.G.R.A.) has been set up to undertake 
in tions and tests of gear-cutting machines and 
meth: It is hoped that this association, working 
in close co-operation with Pametrada (on ~~ 
problems) and the N.P.L., will put British gears in the 
van once more. 

The A.A. gears have given excellent service, but the 
need for reduction in noise is still the chief problem. 
Defects in the teeth themselves have not been serious 
enough to cause any real anxiety, although there have 
been fractures of teeth in gears of high power, and 
surface defects or scuffing in small gears. The first 
double-reduction gears in the British Navy were fitted 
in two frigates in 1936 (Fig. 6, page 190); they were 
designed and manufact' by the British Thomson- 
Houston Company, Limited, and runing experience to 
date has been satisfactory. 

(To be continued.) 





_ ELECTRICALLY-HEATED PLIERS FOR STRIPPING INSU- 
LATION.—To avoid the “nicking” or weakening of the 
conductors which frequently occurs when the insulation 
ig mechanically stripped from plastic-covered wires, 
Standard Telephones and Cables, Limited, Connaught 
House, Aldwych, London, W.C.2, have marketed a new 
type of pliers, known as “‘ Stanelco.” The jaws of these 
pliérs are’ heated. by current at 12 volts, so that the 
insulation becomes softened and can be stripped cleanly 
without charring and also without damage to the con- 
ductor. The pliers are suitable for connection to a 
200-250-volt alternating-current circuit, the heating 
current being obtaified from a separate transformer 
The ‘péwer constiniption is less than 10 watts: 


NOTES ON NEW BOOKS. 


Prevention of Iron and Steel Corrosion: By C. Drxspauz, 
“M.Se., F.I.M. Published by the Louis Cassier 
Company, Limited. orgs Tliffe and Sons, 
Limited, Dorset House, Stamford-street, London, 
8.E.1. [Price 5s. net, postage 3d.) 


In the course of his work on the chemistry of metals, 
Mr. Dinsdale has accumulated an unusually wide 
knowledge of the corrosion of ferrous metals, commen- 
surate with the diversity of problems arising on a 
railway from the design, maintenance and transport of 
materials. He is thereby well equipped, particularly 
as regards British and American sources of informati: 

to undertake the compilation of an index of published 
processes and specifications relating to the prevention 
of corrosion in iron and steel. By doing so, and adding 
brief descriptions of the various processes by which 
protection is achieved and some discussions of the 
circumstances in which certain general types of protec- 
tion are preferable to others, es bes produced a service- 
able notebook which should save engineers, metallur- 
gists and paint chemists a great deal of trouble. The 
main part of the book, devoted to corrosion prevention 
by methods ing from coatings to electrolysis 
and water treatment, is supplemented by descriptions 
of processes for cleaning and preparing metal parts for 
subsequent treatment, and by the titles of standard 
codes of practice for packaging corrodible goods. 
Authorities issuing specifications (excluding any in 
Germany and Russia), as well as a large number of 
specifications for paints and their components, are 
listed im appendices. The orderly arrangement 
of almost the whole book in tabular form, with the 
addition of a subject index, contribute to make it a 
most convenient source of reference, especially to 
propri processes. and products marketed under 
Cam sen It can be sodcenmneniied to the attention 
of designers, research workers and technicians generally 
throughout a large field of industrial activity. 





Thermodynamics. By Proresson Epwarp F. OBERT. 
McGraw-Hill Book Company, Incorporated, 330, 
West 42nd-street, New York 18, U.S.A. [Price 5-50 
dols.}; and McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 33s.] 

THis book, written by an American professor of 

mechanical engineering, deals with those aspects of 

thermodynamics with which engineers are particularly 
concerned. The treatment is along orthodox 
lines, though the author starts with a chapter on dimen- 
sions and units, on the grounds that junior engineering 
students do not understand this subject. It is certainly 
made no easier for them by the creation of academic 
units like “ slugs” and “ ” and it may well 
be believed that the youth of to-day would find no 
more difficulty than their fathers found in comprehend- 
ing that F = ma and that W = mg, if only the teachers 
would not complicate matters so much by their explana- 
tions. After a further review of fundantental concepts, 

a hundred pages, including a separate chapter on the 

reversible process, are occupied by an exposition of the 

First and Setond Laws of Thermodynamics, and 

following chap'‘ers then deal at length with calculations 

concerning the bchaviour of fluids and Thermo- 

d ic calculations, mostly about combustion, have a 

c a to themselves; steam, gas and i i 

cy then complete the matter ex for a ban 

useful ee of constants and tab The 


enters a rete Boe innumerable excellent 
treatises over which it would be difficult to say that 


the present work possesses any particular advantage. 





Fundamentals of Vibration Study. Second edition, 
revised. By R. G. Mantzy, M.Sc. Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 15s. net.] 

Wirz the view to meeting conflicting requirements, the 

author of this book, which first a 

added to the previous text nearly 

of introd sections and summaries at the beginning 
and end of each chapter; and also two a; ices ; 
but it is a matter for regret that, in a which is 
intended to be an introduction to vibration study, 
the opportunity has not been taken to recast the 
treatment, since the present edition furnishes not 
so much an introd study as a collection of 
various material that been more adequately 
discussed in standard treatises. Beginning with one 
degree of freedom and the effect of forced motion 
and damping, the author passes to the consideration 
of two degrees of freedom, many degrees of freedom, 
continuous systems, and complex vibration. The 
inclusion’ of exercises at the end of each chapter and 


. | answers at the end of the text should enable the 





reader to test his knowledge of the. theory. Mr. 


Manley’s observations on these matters are perfectly 
sound, no doubt, but the value of a book of this kind 
depends as much on the method of presentation 
as on the matter presented, and the procedure adopted, 
al from t deviations here and there, follows 
closely that of text-books published years ago. The 
tation of the subject from @ new angle may 
difficult, but this does not relieve the author of the 
duty to provide the learner with a clearer insight into 
the essentials of the theory than can be gained from 
other text-books for the uninitiated, of which en 
Hartog’s is an excellent example. The mention of the 
poundal as a unit hardly facilitates the attainment of 
this ideal, for neither the engineer nor the scientist has 
- pn ot this unit. A more — criticism. is 
that the author attem the impossible in trying to 
discuss vibration wane pl the necessary mathematics 
at the same time. It is mi ing to state, as is done 
a that little more than matriculation- 
mathematics is sufficient preliminiary equi 
ment for the reader ; some of the a dices and booke 
included in the bibliography would be incomprehensible 
to those who have only this mathematical equipment. 
The five-page appendix on ‘‘ Some Pure Mathematics " 
and the eight-page one on “Some Applied Mathe- 
matics,” are hardly adequate to bridge the gap between 
senior school mathematics and those sections of the 
ane work involving the differential equations of 
flexure and the ‘application of Fourier series. 
ics may not be so logically clear as pure mathe- 
matics, but it is possible, ne eless, to exhibit it as 
a model of clarity among all the theories of deductive 
science. 





CATALOGUES. . 
‘ Fluorescent-Lighting Units.—Information regarding the 


t-lighting units which they manufacture are 
given in leaflets issued by Wembley Electrical Appliances, 


Limited, Exhibition Grounds, Wembley, Middlesex. 


Earth-Moving Equipment.—Messrs. Jack Olding and 
Company, Limited, Hatfield, Hertfordshire, have issued 
a booklet which describes their range of earth-moving 
equipment and agricultural machinery. The booklet is 
well illustrated and in addition to giving brief specifica- 
tions of the various machines, describes the compre- 
hensive organisation set up for after-sales service. 


Industrial Trucks.—A new publication which describes 
their 50-cwt. low-lift and 30-cwt. load-carrying Electric- 
Eel industrial trucks has been received from Messrs. 
Steels Engineering Products, Limited, Crown Works, 
Sunderland. This type of truck is steered through a 
laterally-pivoted platform on which the driver stands, 
the steering linkage being operated by the transference 
of weight from one foot to the other. 


Motor Vehicle Transmission Components.—We have 
received from Messrs. David Brown and Sons (Hudders- 
field), Limited, Huddersfield, a brochure which gives an 
outline of their range of gearboxes, back axles and steering 
gears for motor vehicles. The brochure refers also to 
their marine, locomotive and tramcar transmission 
assemblies. The subjects, however, are dealt with in 
general terms; the brochure does not give specifica- 
tions of individual units. 


’ Compressors and Pumps.—A catalogue recently issued 





ting | by the Hamworthy Engineering Company, Limited, 


Poole, Dorset, consists of a loose-leaf cover with a number 
of leafiets on compressors and pumps for industrial and 
marine duties. The types catalogued include starting-air 
compressor seta with steam, electric, Diesel and petrol 
engines ; electrically-driven three-stage air compressors ; 
rotary compressors; vacuum pumps; gear pumps ; 
and centrifugal pumps. Two air governors are also 
described. 


Sintered-Carbide Tips and Tools.—A copy of the 
Mitia Carbide Tips and Tools Instruction Book (publi- 
cation No. 121) has reached us from Messrs. Firth 
Brown Tools, Limited, Beesemer Building, Carlisle-street, 
Sheffield, 1. The handbook contains 104 pages and 
73 illustrations, and deals comprehensively with the 
manufacture of Mitia and the design, manufacture, use, 
grinding, handling and maintenance of Mitia tools. An 
interesting and clearly illustrated section on terms and 
definitions is also included. 


Cartridge Starters for Internal-Combustion Engines.— 
The many applications for cartridge starters are described 
in a new brochure issued by the Plessey Company Limited, 
Ilford, Essex. The cartridge starter was developed 
during the recent war for use with military aircraft, and 
its peace-time applications already include the starting 
of lifeboat engines and other marine equipment, civil- 
type aircraft engines and the prime movers of excavators, 
compressors, ete. The brochure describes the principles 
of operation and gives an abridged specification of the 





S. and ‘L. types of starters. 
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THE FRICTIONAL 
BEHAVIOUR OF 
ENGINEERING MATERIALS 


By B.C. Parker, B.Sc., F.Inst.P., Ph.D. 


In 1699, Amontons measured the tangential force F 
between the interface of two bodies, and observed 
that this force was directly proportional to the 
normal load N. From this dite, experiments on 
friction were reported only rarely until the work of 
Sir William Hardy and his collaborators, extending 
over the period 1919-32, re-awakened such interest 
in friction phenomena that further papers followed 
in rapid succession, A survey of these papers 
indicates that not only is the mechanism of friction 
extremely complex, and largely unexplained, but 
that Amontons’s Law,* F = » N, where x is the 
coefficient of friction, holds under only very restricted 
conditions with respect to the apparent area of 
contact, the relative speed, the normal pressure, 
the external atmospheric conditions, and the con- 


1. 






3% 


o- 
(9476.4.) of 
dition of the surfaces in contact. Departures from 
Amontons’s Law may be only slight in experiments 
on a laboratory scale, but are often very 
engineering applications. Thus, Dokos (1946), 

measuring the sliding friction between a steel disc 
and a steel pin over a wide range of speeds and 
pressures, found that, with a speed of 1-18 x 10~* in. 
per second, the friction coefficient rose from. 0-34 
at a normal load of 50 Ib. to 0-66 at a normal load 
of 250 Ib. 

Although papers over the last 70 years have 
tacitly assumed the restricted application of Amon- 
tons’s Law, students are still leaving many of the | men 
universities and technical colleges believing in the 
general validity of F = uN, while text-books and 
handbooks still publish tables ir whicb frictional 
coefficients are given to three decimal places without 
mention of operating conditions. This unusually 
careless attitude is perhaps explained by our desire 
for order making us reluctant to lose even one law, 
however restricted in application. On the practical 
side, the users of friction materials have become 
unaware of the precise nature of the properties they 
are dealing with through using a py a which is 
designed to tolerate wide variations in friction, or 
else by using a device the operation of which merely. 
depends upon some constituent part having a friction 
range exceeding some limiting value. When @ de- 
signer ‘consciously allows.a | tolerance for friction he 





* This Lawoften: appears under the name of Coulomb), 


C785) she lates canted, Ampantann’s werk dng seate- 
lated a mechanism of frictian. 








frequently does so, not through awareness that fric- 
tion may vary with conditions, but because he 
believes that the friction coefficients of different 
pieces of material may: vary over wide limits. 

The self-evident reason for the restricted appli- 
cation of Coulomb’s Law is that conditions in heavy 
engineering produce a change in the structure of 
the mating materials. In illustration of this, the 
400 per cent. change in the friction of cast-iron 
railway brake blocks over a speed range of 2 to 60 
m.p.h., noted by Galton and Westinghouse (1879), 
is largely attributable to the molten condition of 
the surfaces at the high speeds. Among laboratory 
workers, Schnurmann (1941), in recalling that 
Coulomb discontinued his frictional measurements 
once the surface became visibly scratched, suggests 
that the value of Amontons’s Law is that it affords 
@ criterion as to whether or not sliding produces 
tearing. Thinking on. similar lines, Bickerman 
(1943) prefers to restrict the term friction to sliding 
which does not produce a permanent deformation. 
To recognise the restricted conditions under which 
the law of friction is valid, indicates at once that 









Application “ENGINEERING” 
the engineer has constantly to meet conditions for 
which there is no law. This article to show 
in| how a keener awareness of this fact will aid the 
use and development of frictional materials em- 
ployed in engineering sciences. 

Most of the many papers dealing with dry friction 
describe experiments designed to elucidate the 
general mechanism of friction and wear. While 
theories on friction may be of general interest to 
the practical engineer, they are not yet sufficiently 
well developed to afford him much help in his 
ats blems, neither are papers on the measure- 

friction cap»ble of vide application since, 
ag is pa below, their contradictory nature 
renders them almost valueless outside their original 
context. For these reasons, a short account of the 
main developments in friction researches is preferred 
to a detailed survey of the now voluminous 
literature. 

‘The resistance to sliding of bodies in contact was 
attributed by Coulomb (1785) to the raising of one 
slider over the i ies or asperities on the 
other, and although he recognised the potential 
contribution: from cohesive forces, he. judged them 
to be of negligible magnitude. This conclusion was 
based, of course, on the fact that the cohesive, but 
not. the asperity, theory seemed to-involve the 
contact. area. The first serious to this 
view arose from Hardy’s classical researches (1936)* 
on the boundary state. Hardy clearly demonstrated 


that static friction involved the force of cohesion 
and found no justification for Coulomb’s view. 
Hardy’s researches are especially noteworthy both 
with regard. to his meticulous experimental care 
and to his simple, but brilliant, technique, and 
anyone contemplating a research on friction for the 
first time cannot fail to profiv by a careful study of 
his work. Indeed, Hardy’s p»pers form the basis of 
much of the more recent developments in friction 
in that (1) he demonstrated the nature of surface- 
contaminating films and showed how they affect 
friction ; (2) he deliberately prepared, perhaps for 
the first time, chemically clean surfices; and 
(3) he found many of the fundamental properties of 
boundary lubrication and obtained a relationship 
between friction and the molecular weight of a 
lubricant. The important part played by cohesion 
was later strikingly confirmed by the work of 
Bowden and co-workers (1945), who showed. that 
for inter-metallic rubbing surfaces actual welding 
could occur througb reason of intense pressure over 
regions of contact. The high pressures were found 
between lightly-loaded surfaces, and arose because 
the real area of contact was, in general, Jess than the 
apparent, and sufficiently so to give rise to plastic 
deformation. From the work of Bowden and 
Tabor (1939) it follows that Amontons’s Law is 
consistent with the cohesive theory of friction, 
since the rea] area of contact is proportional to the 
normal load and independent of the macroscopic 
area of contact.. Among other contributions ‘of 
Bowden’s school may be mentioned the demon- 
stration of the fact that frietion involves bulk as 
well as surface properties, and the confirmation of 
the importance of contaminating films. Working 
on this latter subject, Bowden and Hughes (1939) 
obtained coefficients of friction betwe~n clean metals 
in the range 4 to 6. In measuring the temperature 
coefficient of the static friction of naked cadmium, 
Schnurmann (1941) also afforded evidence, this 
time based on thermodynamical reasoning, on the 
part played by deformation in frictional processes. 
Schnurmann, with Warlow Davies, added even 
further complications to the picture by showing 
that, even for metals, the force of sliding friction 
may include an electrostatic component of appre- 
ciable proportion when the boundary lubrication 
has dielectric properties. Notwithstanding these 
contributions to friction, the asperity theory has 
pas 1 in Gemant (1943) and Bickerman 
(1 

Despite the paucity of our present knowledge on 
friction, formule have been developed in an attempt 
to express friction in terms of more fundamental 
physical variables. Though these attempts may 
be based on an over-simplified picture, the results 
are of considerable practical interest in that they 
show the type of fundamental physical properties 
involved. Ernst and Merchant (1940) deduced 


Ss 
= at tan ‘ , » @) 


where S is the average shear stress over the true 
area of contact, H is the mean pressure hardness 
value for the softer of the two bodies in contact, 
and @ is the average inclination of the true contact 
areas to the plane of contact region, while Bowden, 
Moore and Tabor (1943), somewhat later, expressed 
friction in the form — 
s a 

pe gtas.:- . - (2) - 
where A’ is the cross-sectional area of the torn track, 
where ploughing occurs, and W is the normal load. 
Thus for surfaces which are not unduly rough and 
are not sufficiently soft to give gross deformation, 
both formule reduce to 


average shear strength 


mean pressure hardness * 
or flow pressure — 


The type of problem to which a formula of this kind 
can be applied is illustrated-later in this- article: 
For a full account of the significant work in friction 
reference should be made to the work of Hardy 
(1936), to Progress Reports by Schnurmann* (1941) 





(3) 





* W.B. Hardy; Collected Scientific Papers, Cambetige 
University Preas (1936). gr 


* R. PTA) ‘** Friction between Solid Bodies.” 





Report on Progress in Physics, vol. 8, page 71 (1041), 
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| eontact, A; (b) the normal load, L ; 
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and by Bowden and Tabor* (1945), and to the series 
of four papers by Bickermant (1944). The latter 
five references contain comprehensive bibliographies. 

That published measurements on friction are 
rarely of little practical help is well illustrated in 
the case of surface finish and the static friction 
coefficient. Campbell and Summit (1939) found no 
difference between metal surfaces which were 
optically flat and only flat to 0-0001 in., a con- 
clusion with which Dover’s (1936) work agreed. 
In contradiction, Wilson and Barnard (1922), Woog 
(1926), and Hammer and Martin (1939), working 
with glass and metals, found the degree of surface 
over the same range to be immaterial. Under 
kinetic conditions agreement on this, and other 
points, is even less likely, since the variables become 
interdependent and difficult to control. Indeed, it 
is usual to find that the kinetic coefficient of friction, 
at any one moment, is dependent upon the past 
history of the material. Although few generalisa- 
tions are possible in this matter, it is proposed to 
deal with each variable and to illustrate the type of 
behaviour with which it may be associated. 

The variables on which the force of sliding friction 
between two given bodies depend are known to 
include the following: (a) The apparent area of 
(c) the relative 
velocity, V; (d) the surface finish ; (e) the nature 
of the contaminating films; and (f) the ambient 
temperature. 

The independence of friction on the contact area 
seemed one aspect of Amontons’s Law that held 
even under extreme conditions. This, however, 
has been assailed by Super (1946) who has shown 
that the performance of a car brake depends upon 
the chordal length of the lining, which fact he 
attributes to a effect. Parker and 
Marshall (1948) have also found that the friction of 
a railway-brake block, for a given value of L and V, 
depends upon the value of A and also upon the shape 
of the surface. Their ex ion concerns 
the distribution of the real, within the apparent, 
contact areas. 

Kinetic conditions in engineering devices rarely 
permit a separate assessment of the effects of the 
normal load, L, and the relative velocity, V, since 
both ities ire to affect the temperature 
of the rubbing surfaces—a factor on which friction 
is critically dependent. Even for a velocity of 
1-6 x 10-* in. per second, as used by Dokos (1946), 
there remains the possibility that his measured 
variation of friction with pressure was due to 
surface-temperature changes at the small areas of 
contact. Neither is it generally feasible to maintain 
constant temperature by supplying electrical energy, 
since it cannot be suitably dissipated over the real 
areas of contact. There can, then, be no generalisa- 
tion beyond the fact that increase of load or velocity 
produces high temperatures, for high temperatures 
may raise the friction of some pairs of materials and 
lower the friction of others. Because of the inter- 
dependence of L and V, importance is frequently 
attached to a consideration of the rate of work per 
unit area of rubbing contact surface in conjunction 
with the conditions of heat dissipation; Acres 
(1946). For many materials the permissible values 
for L and V are governed by the surface temperature 
at which the surface of a material undergoes change. 
By way of example, in Figs. 1 and 2, page 193, are 
plotted successive determinations of the coefficient 
of kinetic friction of a non-metallic brake-lining 
material determined on the constant-torque machine 
in the research laboratories of Ferodo Limited, 
Chapel-en-le-Frith, Stockport. The machine is des- 
cribed in an appendix to this article. In Fig. 1, the 
total kinetic energy dissipated, 6 x 10* ft.-lb., corre- 
sponded to a car velocity of 40 m.p.h. The de- 
celeration was 40 per cent. of g, the torque 504 Ib.-ft., 
and the cycle occupied 30 seconds. For the test 
results plotted in Fig. 2 the kinetic energy was 
1-35 x 10° ft.-lb., the “car” velocity 60 m.p.h., 
the deceleration 50 per cent. of g, the torque 


* F. P. Bowden and D. Tabor, “ Friction and Lubri- 
cation.” Annual Reports of the Chemical Society, vol. 42, 
page 20 (1945). 

t J. J. Bickerman, ‘‘ Mechanism of Lubrication.” 
Petroleum, vol. 7, pages 110, 150 and 178 (1944); “‘ Surface 





630| is statistically significant. In a second series of 


lb.-ft., and the cycle time 40 seconds. When the 
friction varies over the decelerated motion of each 
determination, the friction is indicated at the 
beginning and end of the brake application. It will 
be seen that the friction is substantially constant 
for the lower energy dissipation rate, but for the 
higher rate not only does the friction value begin 
to drop at the fifth application, but the friction 
also commences to vary during a determination. 
Of further interest in this connection are the results 
shown in Fig. 3, opposite, obtained with railway- 
brake blocks on the large inertia machine, also 
referred to in the appendix. Successive determina- 
tions of the kinetic coefficient were made at each of 
two pressures, and as the friction was approximately 
the same for both pressures up to the 150th brake 
application, the rate of energy dissipation differed 
by a factor of four. Beyond the 150th application, 
the friction for the lower energy rate increased 
that for the high rate decreased. Since it is clear 
that the surface temperature for the 4,260-lb. thrust 
must have exceeded that at the lower thrust, the 
contrasting behaviour for the two conditions must 
be attributed to difference of temperature and load. 
In the tests the total kinetic energy dissipated was 
2 x 105 ft.-lb., the velocity 33-5 m.p.h., and the 


films are generally quite invisible -" 80 far their 
existence has been deduced only from their effect 
on friction. Parallel work with other substances 
over a wider range of pressure has shown that some 
types of contaminating films only occur at high 
pressure, when the variation of the kinetic friction 
coefficient increases with increase of pressure, 
Again, these contaminating films are frequently 
found to disappear under extreme conditions, me 
may do so by reason of high localised temperatures, 
Variation in friction has also been traced to 
changes occurring in the surface of the non-metallic 
member of a mating pair. A typical case is illustrated 
in Fig. 4, opposite, wherein are plotted data from 
test on a railway-brake block on the large inertia 
machine. Successive brake applications are seen to 
give values for the kinetic coefficient averaged over 
the braking interval which rose from 0-27 to 0-36, 


and | That this rise is not attributable to a gradual j increase 


in the temperature of the wheel surface is shown by 
the fact that after cooling the wheel the friction rose 
from 0-28 to 0-36 in one brake application, whereas 
formerly this value was attained only at the 23rd 
application. This time, cleaning the wheel had no 
effect, but scraping the block, or running a test with 
water spraying on the wheel, restored the low value 





TABLE I.—Errecr oF CONTAMINATING FILMS ON KINETIC COEFFICIENT OF FRICTION. 
Velocity, 10 ft. per sec. ; ambient temperature of mild-stee] disc not greater than 50 deg. C 
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| average| 





























Test Pressure 
Series. Lb. per sq. in Pi eT “a. Value. | Notes. 
25 0-50 0-52 | 0-53 0-53 | 0-54 0-53 0-53 0-53 0-52 0-54 0-54 0- 58 No cleaning of 
a 10 0-54 0-56 0-59 | 0-68 0-57 0-68 0-65 0-70 0-66 0-70 0-68 0-60 0-67 plate through- 
5-1 0-63 0-64 0-71 | 0-88 0-78 | 0-90 0-76 0-76 0-90 0-78 0-89 0-81 0-83 out tests. 
| Plate 
25 0-49 0-51 0-45 0-50 0-50 0-49 with eme 
b 5-1 0-60 0-45 0-52 0-57 0-49 0-53 between = eac’ 
; test. 





cycle time 80 seconds. These two examples, taken 
from routine tests on a proprietary railway brake- 
block material under conditions simulating those 
occurring in practice, show the difficulties involved 
in forecasting the effect of load and velocity. 
On summarising the discussion at a Conference on 
Surface Finish organised by the Institution of 
Mechanical Engineers (1946), Johansen concluded 
that further investigation was needed into the effects 
of surface finish on friction, abrasion, seizure, and 
scuffing. This is still certainly true of dry friction, 
since no significant work has been published recently. 
Contaminating films undoubtedly constitute a major 
cause of the inconsistency of measured friction values. 
In addition to the work on naked metals mentioned 
earlier, work of a more practical nature on metals 
has shown that friction may be lowered by airborne 
films of grease (Hardy, 1936), or by layers of oxide 
(Dow, 1929, and Shaw, 1927), and may be raised 
by films of moisture (Rayleigh, 1918). That non- 
metallic materials are also prone to contamination 
effects is demonstrated in the following experiment. 
Samples.of a proprietary non-metallic brake lining, 
0-5 in. by 0-5 in. Gcaving satlnad: Were run on the 
pad test machine (see appendix) at five pressures 
in the range 5-1 Ib. to 25 Ib. per square inch against 
the mild-steel disc, which gave a mean rubbing speed 
of 10 ft. per second, In an endeavour to minimise 
temperature effects, a massive disc was used and 
cooling jets were directed-on to both the disc and 
test samples. The coefficient of friction was mea- 
sured at the end of separate 10-minute runs, and to 
avoid the chance that running conditions at one 
pressure might produce a systematic effect on a 
subsequent run, each set of measurements made 
at the different pressures had their order selected 
at random. Results obtained at three pressures 
are shown in Table I. The first series of tests a, 
show that the friction rises with successive deter- 

minations to yield a stabilised value which is greater | were 
at the lower pressures, The difference in the averages 





teste, b, a simple cleaning technique was interposed 
between each run. Here the friction remained 
substantially constant from run to run, and the 
average values at the different pressures were not 
significantly different. The decrease in friction 





Roughness and Friction,” Review of Modern 


Sliding 
Physics, vol. 16, page 53 (1944) 


A. Position at which initial rise ceases. Mean « evaluated from readings after this point only. B. Wheel cooled overnight, 


of friction. The total energy dissipated in these 
tests was 6 x 10° ft.-Ib., the thrust on each brake 
block 2,630 Ib., the velocity 40 m.p.h., and the dura- 
tion of the braking cycle one minute. 

Additional evidence that many of the irregularities 
in friction arise from the presence of contaminating 
films, is afforded from a study of the nature of the 
constituents of a friction material. Ifa non-metallic 
material contains particles hard enough to cause 
slight abrasion of the material, the friction is 
characterised by its high value and its consistency. 
The particles appear to cut through the contamina- 
ting layers to the underlying surface, so that the 
former are rendered ineffective. That the high 
friction is not due to work involved in the abrasive 

by the hard particles is shown by Whit- 
taker (1947), and Schnurmann (1948), who instance 
cases in which the contribution to friction of quite 
marked abrasion is several magnitudes less than 
1 per cent. In view of the high temperatures that 
occur over the contact areas under kinetic conditions, 
changes in ambient temperature are relatively un- 
important, provided that the ambient temperature 
is not sufficiently high to induce a change in the 
nature of the materials. The temperature coefficient 
of friction, in any case, is small. Schnurmann (1941) 
obtained a value of —7-5 x 10-* per deg. C. for 
cadmium on cadmium over the temperature range 
—100 deg. C. to +100 deg. C. 

It in to be expected that the variables on which 
friction is apparently so dependent will create 
difficulties both for the user and the manufacturer 
of frictional materials. An idea of the extent of 
these difficulties can be appreci from the two 
following examples from the literature, In a paper 
dealing with the retardation of trains, Graff-Baker 
(1937) states that a search for a non-metallic sub- 
stitute for cast-iron blocks entailed service tests on 
over 300 different types, of which only 10 to 20 
When to this number is added a 
seastly larger number of materials that failed to 
pass the manufacturers’ specifications, some idea 
is gained of the difficulties involved. Again, when 
describing tests on sections of car-brake linings 
1 sq. in. in area, Acres (1946) states that the results 
from a scaled-down machine must be viewed against 
@ background of experience, and be eventually 
correlated with car tests. A satisfactory assessment 





with rise of pressure thus only occurs in the presence 
of some contaminating film. These contaminating 





of friction characteristics would seem, therefore, to 
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entail one or more of many possible methods | 
the merits of which need further appraisal. 

One means of assessing frictional characteristics is 
for the user to carry out experiments on his own 
equipment, or for experiments to be carried out 
on the user’s equipment which has been copied by 
the manufacturer of the frictional material. Both 
alternatives are widely used, and both involve 
considerable expense when large-scale plant is 


involved. Before accepting the inevitability of}, 


this position, it is prudent to make sure that friction 
experiments cannot be scaled down, for such a possi- 
bility would be the more economic solution. 

Taking the simplest example of a constant relative 
velocity, the measurable factors that may influence 
friction are usually confined to the app»rent area of 
contact, the normal load, and the relative velocity. 
The design of a scaled-down test rig is therefore 
concerned with the choice of magnitudes for A, L and 
V. In the absence of any law of friction which 
may be applied, a useful procedure is to keep V 
the same, and to diminish L and A by the same 
fraction. This both the value of the 
pressure expressed in terms of the apparent contact 
area, and the ratio of the real to apparent cofitact 
areas, and, in so far as variation in can be 
neglected, maintains the same rate of work per unit 
of apparent area of contact. This technique can 
do nothing to minimise errors arising from contami- 
nating films, from difference in scale of surface 
finish, etc., and merely aims at matching surface 
temperatures. It may be observed that the selec- 
tion of surface tem: as the main criterion 
is in conformity with equation (3), since both flow 
pressure and shear strength are temperature 
dependent. Flow pressure also varies with velocity, 
80 it would seem sensible to keep this unchanged, 
while the same remarks apply to pressure, for on this 
depends shear strength and flow pressure. It| the 
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thus remains to examine the question of surface 
temperature more thoroughly, before deciding 
whether or not this scaling down procedure is 
feasible. 

A theoretical approach to the surface temperature 
of rubbing surfaces is still handicapped by ignorance 
of the distribution of the real areas of contact. 
Since any calculations must necessarily represent a 
simplified picture, the treatment of Bowden and 
Ridler (1936) will be followed, rather than the more 
elaborate treatment of Jaeger (1943) or Blok 
(1948). It is proposed to deal with the equilibrium 
conditions for two sizes of machines that simply 
involve an infinitely long sample making contact 
with a disc that revolves at constant speed. The 
symbols L, w, R, a and 6 will be taken to represent, 
respectively, the normal load, the angular velocity, 
the mean radius at which the sample acts, and the 











* 4 0 
width and the length of the test sample. If the 


kinetic coefficient of friction is denoted by p, and g 
is the gravity constant, it follows that if the quan- 


tities are e in CGS units, the amount of 
heat liberated may be expressed by 
epLReg 
Q= ae ae calories per sec. - (4) 





Of this heat only a fraction, say f, will flow into the 
top sample, so that equality between the heat 
flowing into the sample and the heat lost by emission 


isexpressed by ~~ 
BQ = (2a — 2b)p fe -T,)dz. . (5) 
0 


where T — T, represents the temperature difference 
between an element of width dx and the braking 
surface, and p is the emissivity constant. Also, at 
equilibrium, the amount of heat lost from an element 
dz at distance z from the surface equals the quantity 
of heat flowing into the sample by conduction, i.e., 


Kab e! ae = (2a + 2b) p(T —T,)dz . (6) 


dx* 


where K is the thermal conductivity of the materials. 
Substitution of the formal solution from (6) in (5) 
yields 

pq - 2+ b) p (ab Kt (rT - T,)) 
[2 (a + b) p]# 

which, on substitution in (4), gives for the tempera- 
ture rise at the surface 


- (7) 





BuLRowg 
4-2x 10? [2 (@+b) ab K pjt 


This same relation, holds, of course, for the small 
machine and if, for this, we use the same symbols 
with a dash appended, equating the temperature 


T-T = (8) 
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rise for the two machines gives 
BulLRw B’ p’ L’ RB’ o’ 
[2(a +b) adjt [2 +b av} 
where K, p and g are considered invariable. 
If we reduce the load by a fraction k, and equate 
the velocities, equation (9) reduces to 
Bu = 22a 
_[2@+dadyt [2 +0')a'b] 
Equation (10) shows that the manner in which we 
achieve a reduction in the apparent area of contact 
is important. Reduction of a by a fraction k, 
with 6 remaining unchanged, causes the required 
condition to be 


Bu = Bp’ 


(9) 








(a + ot 
(a+b yt 


whereas reduction of both a and b by a fraction V/; 
gives 


(11) 


Bu = By’ ° ° - (12) 


which means that scaling of the size of the machine 
will not affect the surface temperature providing 
the value of f remains unchanged, and providing the 
other factors of surface finish and surface-contamin- 
ating films do not themselves produce changes in 
friction. If they do, this change will be exaggerated 
by the scaling-down operation. It thus seems that 
the choice of magnitudes for L and V proposed above 
were correct, but that A must be scaled down in 
conformity with the derivation of equation (12). 
For small values of k, B and ’ are not likely to be 
greatly different, but as the scale factor increases a 
greater proportion of the heat will be taken by the 
disc, with the result that ~’ will be less than 8. 
When this happens the error cannot be compensated 
by adjusting a and 6b from equation (11), since the 
magnitude of 8 cannot be determined. It is there- 
fore concluded that, even with the simplest conditions, 
scaled-down experiments may not be feasible. 
With the conditions normally encountered in practice 
of variable velocity and load, and samples of 
irregular shape, scaled-down experiments can only 
be successful for material of which the friction is 
independent of temper:ture, contaminating films, ete. 

Figs. 5 to 8, page 195, show the results of scaled- 
down friction experiments on four different types of 
friction material. The frictional values on the first 
set of graphs were taken on the stand»rd machine 
(see appendix), and the second set on the pd-test 
machine. All the samples in each quality were cut 
from one piece of material, and all samples were 
run-in prior to the test. The conditions of test 
show a scale factor of thirty. The third set of 
graphs were also taken on the standard machine, 
but at different conditions from set I. The condi- 
tions for the three sets are indicated in Table II. 


TABLE II.—Test Conditions for Sets I, II and III. 

















—_ Set I. Set II. Set III. 

Velocity, ft, per min. 1,000 1,000 3,960 

Torque, lb.-ft. 330 11 100 

Rate of energy dissipation 

F (b.p. persq.in.) .. ee 1 1 3-6 

Cection of test sampl --| Sin. x |0-9in. x | 5in. x 
2 in. 0-37 in. @ in. 





A comparison of the three sets of graphs shows that 
the effect of the scaling down on friction is great, 
and indeed exceeds the effect produced by an appre- 
ciable alteration of the test conditions on the same 
standard machiné. The danger latent in all 
scaled-down tests is thus demonstrated. 

A case of successful correlation for materials of 
the same type which are temperature insensitive is 
shown in Fig. 9. Here are plotted the friction of 
railway-brake. block materials measured on the 
large inertia machine, against the friction of the 
same material tested on the pad-test machine. In 
the large inertia machine the total energy dissipated 
was 5 x 105 ft.-lb., the thrust on each brake block 
2,000 Ib., and the dimensions of each bearing surface 
12 in. by 2} in. In the pad-test machine the thrust 
and bearing area were scaled down by a factor of 
120: The velocity in each case was 40 ft. per 
second. The correlation is reasonably good. 


(To be continued.) 





LITERATURE. 


Thermodynamics. By Proresson Lester C. LIcHTyY. 
Second edition, McGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
{Price 4.50 dols.]; and McGraw-Hill Publishing Com- 
pany, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 27s.] 

WHEN the first edition of this book appeared in 
1936, the author, who is professor of mechanical 
engineering at Yale University, declared his inten- 
tion of expounding the principles of thermo- 
dynamics without those mathematical accretions 
that have made the subject appear so formidable 
to students. He wished also to make the learner 
think for himself and understand the real import 
of the equations rather than rely on them merely 
as a means of getting results by substituting appro- 
priate values for the symbols. In line with this idea, 
he simplified equations by omitting all conversion 
factors, writing the equation for total heat, for 
example, merely as H = U + PV and leaving the 
student to take care that his result was dimensionally 
correct. This procedure would shock many teachers, 
but there is a lot to be said for it, and it is not 
unknown among practical engineers. Furthermore, 
the student was not harassed with unfamiliar units ; 
there were no “slugs,” poundals or even calories 
in the book, the whole of the calculations being 
based on the units of weight, size, heat and tempera- 
ture commonly used by British and American 
engineers. Another good feature of the book was 
the insistence on the principle of the conservation 
of energy as the starting point for almost every 
calculation, thus clarifying the approach to the 
problem and discouraging the student from reliance 
on ready-made formule. 

All these characteristics have been retained in 
the present edition, the contents of which have 
been thoroughly revised or rewritten in the light of 
class-room experience, and brought up to date as 
regards engineering practice and data. The theme 
is developed naturally and logically, starting with 
definitions and fundamental considerations and 
leading, by way of thermodynamic cycles and 
combustion, to internal-combustion engines, gas- 
turbine processes, the behavicur of steam and gases 
in turbine machinery, and the principles of jet 
propulsion. The discussions of equations of state, 
Maxwell’s relations, and specific heats are relegated 
to an appendix, which also contains many useful 
tables and charts concerning the properties of 
various substances. Throughout the book the 
treatment is along the classical lines, the kinetic 
theory being hardly mentioned. More considera- 
tion, however, is given to the behaviour of imperfect 
gases than is usual in text-books of this kind, and 
combustion receives much fuller attention than 
most writers on thermodynamics allot to it. For 
example, the effect of dissociation of the products of 
combustion in reducing the temperatures which 
would be expected on the theory of complete 
combustion is dealt with in considerable detail, and 
the calculations explained. In this connection, it 
may be said that the author, who is an authority on 
the internal-combustion engine, is strongly in favour 
of basing its efficiency on the higher calorific value 
of the fuel. He rejects the usual contention that 
it is unfair to debit an engine with heat which it may 
be unable to use, and maintains that the failure to 
reject the products of combustion at the original 
mixture temperature is a defect that ought. properly 
to be charged to the engine. The book is one that 
can be recommended both to engineering students 
and to their teachers. It has a refreshing degree 
of originality rarely to be found among the treatises 
on such a well-worn subject, it is concise, and it is 
well furnished with examples, worked out and 
otherwise. 





WILBUR Wricat LECTURE.—The 37th Wilbur Wright 
Lecture of the Royal Aeronautical Society will be 
delivered at 6 p.m. on Thursday, April 28, at the Royal 
Institution, 21, Albemarle-street, London, W.1, and not 
at the Institution of Civil Engineers as originally an- 
nounced. The lecturer is Dr. Hugh Dryden, F.R.Ae.S., 
Director of Aeronautical Research to the National 
Advisory Committee of Aeronautics and the title of his 
lecture is: ‘“‘ The Aeronautical Research Scene—Goals, 
Methods and Accomplishments.” 
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IX.—SuHipsvitpine AND Marine ENGINEERING, 


Prruaps the most vital problem facing builders of 
ships and their engines to-day is that of costs. In 
1939, a medium-sized 8,000-ton cargo liner could be 
built for 370,000. In January, 1947, the cost was 
about 640,000/., and, in the middle of 1948, 750,000/. 
There is no sign that the rising trend has been 
halted. The gravity of the situation was stressed 
by Sir William Currie on the occasion of the launch- 
ing of the Himalaya on October 3, 1948. This 
vessel, of 31,000 tons, will not be delivered to the 
owners until May, 1949—three years and two 
months after the keel was laid. The period between 
the laying down and delivery of the Stratheden, 
built in 1937 by the same company, and only 7,000 
tons smaller, was eighteen months. Sir William 
pointed out that it would be necessary for the 
Himalaya to earn 150,000/. more a year than the 
Stratheden to cover depreciation and overhead 
expenses; moreover, the delay meant losses of 
direct and invisible exports for the country and the 
postponement of the transport of passengers to and 
from India, Ceylon and Australia, where the waiting 
lists were considerable. 

High building costs must be considered in relation 
to tne future earning capacity of the shipping 
industry. Shipowners are perhaps justified in their 
fears that the present high level of earnings cannot 
be maintained. Already there has been a tendency 
for freight rates to fall. From January to October, 
1948, free freight rates declined in the proportion of 
100 to 80. World tonnage, even if the laid-up 
fleet in the United States is deducted, is now greater 
than before the war. However, as a result of several 
causes arising out of the war, roughly three ships 
are now needed to do the work of two before the war. 
The most important of these is the slow turn-round 
at the ports due to inadequate equipment, labour 
shortages and extensive strikes. Next in import- 
ance has been the exceptional coal traffic from the 
United States. In normal times, coal traffic was 
carried over short routes, chiefly from Great Britain 
and Poland to other European countries. The 
post-war coal trade from the United States has meant 
long voyages often to countries from which no 
suitable return cargoes have been available. This 
heavy coal traffic, however, is not likely to be main- 
tained ; in 1949-50, exports of coal from the United 
States to Western Europe are expected to be 11-0 
million tons, as compared with 16-3 million tons 
in 1948-49. The difficulties of slow turn-round 
may be alleviated in the near future by a general 
improvement in harbour facilities. Unless, there- 
fore, there is some major increase in the volume of 
world trade, freight rates must eventually fall 
considerably. Little attention need be paid to the 
hardening of rates at the end of 1948, since these 
usually reach a peak in the period November to 
January. The extent of the short-term decline 
will be largely determined by United States’ shipping 
policy. The insistence that 50 per cent. of American 
deliveries under the European Recovery Programme 
shall be carried in American ships is likely to depress 
freight rates by restricting free competition. On the 
other hand, the United States Maritime Commission 
can influence them in the reverse direction by 
continuing its policy of laying up State-owned ships. 
At the beginning of March, 1948, there were 2,600 
such vessels, of which 1,400, mostly of Liberty type, 
were laid up. As freight rates declined during 1948, 
it became uneconomic to maintain even this propor- 
tion of active tonnage, and, by November, 500 more 
shipe--comprising more’ tonnage than had been 
delivered by yards in all countries during the 
period—had been laid up. 

In Britain, the decline in the free freight rates and 
the improvement in the supply of shipping made it 
possible to release from control British dry-cargo 
shipping engaged in deep-sea and short-sea trades 
as from December 1, 1948. The expectation of the 
drop in freight rates, coupled with the high onct of 
new ships and a fiscal policy which makes inadequate 
allowance for depreciation, have acted as a serious 
deterrent to shipowners in making replacements to 





their fleets. The Hon. J. P. Philipps, chairman of 
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the United British Steamship Company, in his state- 
ment sirculated for the annual general meeting of 
that company in December, said, “ Your directors 
have steadfastly refused to contract for new tonnage 
at the high prices ruling during the past two years 
because they have been convinced that the time 
would come when freight rates would be on a lower 
basis and that it would then prove impossible of 
such expensive ships to earn sufficient to cover the 
very heavy depreciation charge necessary on their 
inflated cost.” This policy, however, has not been 
eneral, 
‘ The need to close the gap in the external balance 
of payments makes a large and up-to-date merchant 
fleet essential for Britain. The tonnage of dry cargo 
vessels, however, is still far below pre-war levels. 
The Four-year Plan envisages a gross tonnage of 
12-9 millions for dry-cargo vessels, as compared with 
12-1 millions at the beginning of 1948 and 13-9 
millions in 1939. Moreover, the White Paper 
(Cmd. 7572) stresses that this allows for an abnorm- 
ally low rate of obsolescence and anticipates that a 
high proportion of the shipping in use in 1952 will be 
beyond the age at which ships are normally expected 
to give efficient service. Another important factor 
which will help to maintain the long-term demand 
for the products of British yards is the increasing use 
of special-purpose ships. A deficiency of a particu- 
lar type of cargo does not now necessarily mean 





the diversion of surplus tonnage to other cargoes. 


TABLE I.—MERCHANT SHIPBUILDING AND REPAIR IN THE U.K.: MONTHLY AVERAGES. (1,000 Tons Gross.) 


to 62-51. millions per annum. So far, there has 
been no falling off in orders from foreign owners. 
The urgent need for tankers has offset the adverse 
effects of the falling demand for other types of 
tonnage, and at the end of 1948, foreign orders on 
hand were about 100/. millions. For the next three 
years or 80, the outlook of the shipbuilding industry 
thus appears to be bright. Looking farther ahead, 
however, the question of costs will become increas- 
ingly important. } 
There are various reasons for the present high 
costs. It is maintained in some quarters that, 
with an eye to a future recession, shipbuilders are 
working on very high profit margins and are plough- 
ing back large sums to reserves. An examination of 


profits of some representative firms reveals that, i 


while profits have been increasing over the past 
three years, they cannot, in the light of currency 
depreciation over the period, be considered as 
unduly high; and reserve allowances, in many 
cases, are less than in 1938 and 1939. The reasons 
for the high costs, therefore, are to be sought on 
the side of production. The most outstanding 
factors here are the shortages Of steel and other 
materials, although these were less serious in 1948 
than in 1947. Moreover, the large-scale reconver- 
sion of troopships into passenger ships, which was 
at its peak in 1947, was nearly completed in 1948 
and so claimed less of the resources of the industry. 
Perhaps the only really serious shortage remaining 





| 
| All Vessels of 100 tons gross and | 
over. | 


| 
| 


Vessels of 1,600 tons gross and over. 





ae Under | Tankers. Non-tankers 
Construc- | - 
r= tion at leted Under | |} Under 
ndof  P Laid | construc. | _COm Laid | _Com- 
Period Down tion pleted Down. | tion. pleted. 

1938 42 7 | — — — — - 
1943 82 1,055 | 100 18 239 17 61 7 80 
1944 80 85 17 267 15 55 680 65 
1945 101 1,455 62 22 353 15 70 1,019 41 
1946 107 1,759 82 18 249 26 st | 1,426 50 
1947 1,941 79 24 421 10 68 |sé, 421 64 
1948 |} 102 1,983 102 34 608 17 59 | 1,238 77 
1948—January 63 1,977 27 10 431 — 44 1,442 26 
February 52 1,986 93 15 419 27 32 1,418 61 
March .. 131 1,953 114 39 447 11 79 1,401 88 

April .. 85 193 | 95 21 460 8 57 1,380 78 
ae 75 1,936 | 82 15 469 6 52 | «1,861 73 

June .. 2,041 | 95 69 529 9 118 |s(«1,401 76 
July. 43 1968 | 121 16 515 30 28 1,340 84 
August 1978 | 65 9 114 10 66 1,354 52 
September 141 2032 {| 387 79 561 32 53 1,862 45 
October | 108 2,001 133 33 576 18 63 1,823 102 
November ..| 119 2,015 105 43 619 68 1,297 95 
December * 137 1,983 196 67 608 42 57 1,238 140 


| 





Of particular importance is the demand for 
tankers. The British tanker fleet is already larger 
than before the war, but the number of foreign 
tankers on charter to the oil companies (incomes 
from which barely balances outgoings) is also larger 
than before the war. Moreover, as output of oil 
from the Middle East increases, more tankers of a 
larger and faster type will be necessary. Under the 
Four-year Plan, it is hoped that, at the end of 1952, 
there will be 4-3 million tons on United Kingdom 
and Colonial registers, as compared with 3-6 
million tons at the end of 1948 and 3-2 million tons 
in 1939. If, however, shipowners are to co-operate 
and place orders for new tonnage, it seems that some 
revision of depreciation allowances is desirable. 
There is a particularly strong case for the abolition 
of the so-called “‘ balancing charge,” under which 
part, or even all, of the annual wear and tear allow- 
ance must be returned to the Treasury if a vessel is 
sold for more than its statutory written-down book 
value. This charge would be fair only if it were 
possible to replace an old ship for the same cost as 
its original building price. Since, however, the 
cost of new ships is probably about three times 
as much as the price paid for the old, shipowners 
are saddled with an unreasonable burden. 

On the whole, it seems that British shipbuilders 
can anticipate a satisfactory level of home demand 
over the next few years. Home orders on their 
books for merchant ships at the end of 1948 were 
about . millions, representing about three years’ 
work for the yards at the present rate of construction. 
Annual investment by the shipping industry up 
to 1952 is estimated by the Four-year Plan at 501. 


was that of steel, although allocations were at a 
higher level than in 1947. The output of completed 
ships of over 100 tons only just exceeded 1-0 million 
gross tons, whereas at full capacity the yards could 
turn out something like 1-75 million gross tons. 
This potential, however, cannot be reached unless 
the industry is allocated half as much steel again as 
it is receiving at present. 

To make the best of available supplies, ship- 
builders have had to concentrate on the completion 
of tonnage under construction. It will be noted 
from Table I, herewith, that, while the rate of com- 
pletion increased considerably during 1948, the 
rate at which new tonnage was laid down increased 
only slightly. Nevertheless, since the industry 
had accepted orders on the basis that a post-war 
building programme of 1-7 million gross tons could 
be achieved, and as more tonnage was laid down in 
1946 and 1947 than was warranted by the then level 
of steel supplies, the tonnage under construction at 
the end of 1948 was the highest of any year since 
1922. With this record tonnage under construction, 
the shortage of steel makes an even flow of work 
impossible and, since shipbuilding is a continuous 
process, involving the most detailed forward plan- 
ning, delays are particularly serious from the point 
of view of costs. Sir Stafford Cripps has already 
promised the industry a greater supply of steel in 
1949, but as this is likely to be only about 5 per cent. 
higher than in 1948 (with perhaps a more liberal 
allowance to Clydeside builders, whose allocations 
were unduly low in 1948), costs are not likely to be 
affected appreciably. 


present labour situation. There docs not appear 
to be any real shortage of labour in the shipbuilding 
and marine-engineering industries; in fact, from 
Table II it appears that there was a substantial 
TaBLE I1.—Estimated Numbers Employed im Marine — 























Engineering and Shipbuilding. (Thousands.) 
Marine Engineering. Shipbuilding. 
Tota, Men, | Women. Total Men, | women 
1939, June..| 52-2 | 51-1| 1-1 | 144-7] 141-8] 2-9 
1943, June..| 88-9 | 75-8 | 18-1 | 272-8 | 246-7 | 25-6 
1944, June..| 87-4 | 73-6 | 18-8 | 271-1 | 243-6 | 27-5 
1945, June..| 80-5 | 70-1 | 10-4 | 252-8 | 230-4 | 21-9 
946, June..| 72-0 | 67-1 | 4-9 | 229-1 | 217-6 | 11-5 
1947, June. .| 68-1 | 64-6 | 3-5 | 214-7 | 206-1] 8-6 
1948, June. .| 68-4 | 64-9 | 3-5 | 218-5 | 204-9} 8-6 
| 60-3 | 65-8 8-5 | 215-0 | 206-1 8-9 
addition to the labour force in 1948. It is perhaps 


true that, when allowance is made for the installa- 
tion of new equipment, productivity is unduly low 
and that the spirit of “ca’canny” which has 
prevailed in many of the shipyard trades has not 
been overcome. Shipbuilders complain that produc- 
tion has fallen off in exact proportion to the reduc- 
tion in working hours consequent upen the establish- 
ment of the five-day week ; and the effect on costes 
of the 5s. a week wage increase, granted to engineer- 
ing and shipbuilding trades in October, has not been 
negligible. While, however, work is liable to be 
held up through shortages of steel and other 
materials, little can be done to increase productivity ; 
bonuses and incentive schemes lose their point 
entirely. In such circumstances, the “‘ca’canny ” 
attitude is understandable. Considered in relation 
to the long-term demand which may be expected by 
British shipyards, the question of costs is particu- 
larly important. What this level of demand may 
be is @ matter of speculation, but the figure of 
1-25 million tons (or a little in excess of the present 
output) which has often been suggested is not, 
perhaps, wide of the mark. If this be so, the weight 
of overheads arising from surplus capacity is likely 
to be considerable. On the other hand, forward 
planning should become more effective as hold-ups 
arising from shortages are eliminated, and impreved 
technique should also help in cutting costs. 

The output achieved by the industry in 1948, 
in spite of its difficulties, was most creditable. The 
returns of Lloyd’s Register show that, in 1948, the 
United Kingdom was responsible for 49 per cent. of 
the world output of completed ships, totalling 
2-5 million tons gross; and for 51 per cent. of the 
world tonnage under construction—the highest 
proportion since 1913. The tonnage building in 
French and United States’ shipyards also shows an 
increase as compared with 1947, and amounted, 
respectively, to 10 per cent. and 9-8 per cent. of 
the world total at the end of 1948. The tonnage of 
tankers under construction in the world at the end 
of 1948 was nearly double that at the end of 1947— 
1-4 million tons gross, as compared with 742,000 
tons gross. The tonnage of vessels of over 1,000 
tons gross each, under construction in British yards 
over the same period increased from 448,000 to 
661,000. It will be noted that the British increase was 
less than proportionate to the world increase, being 
only 49 per cent. of the world total at the end of 
1948 as compared with 60 per cent. at the end of 
1947. This is attributable to the big increase in 
tanker building in the United States. At 
the end of 1947, only 9,000 tons were under construc- 
tion there, but at the end of 1948, as a result of 
large orders placed by the American oil companies, 
the gross tonnage under construction was 368,000. 
Altogether, 61 tankers were ordered during the year 
—52 for American owners and nine for other foreign 
owners. Only nine will have a deadweight capacity 
of less than 26,000 tons; two are of 30,000 tons 
each. Twenty will have a speed of 20 knots, 

These orders, together with the naval building 
and conversion programme, have rescued American 
shipbuilding from the slump into which it was settl- 
ing at the end of 1947. Shipbuilders in the United 
States find it difficult to keep their production 
costs of most types of tonnage at competitive 
levels; tankers, however, if required in large 
numbers, give more scope for prefabrication methods, 








Another factor contributing to high costs is the 


But for the dollar shortage, some of the orders 
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placed‘ with British yards might well have gone to 
the United States. It is not at all certain, however, 
that the United States will be able to maintain 
the present high rate of output; and volume of 
output is most important in relation to costs. There 
are signs that, United States demand for Middle East 
pa em ayn one large oil company 

cutting down shipments, and others are 
cals Ul tain: as oil stocks are far in 
excess of requirements. 

In Britain, the emphasis has also been on large 
fast tankers. The British Mariner, launched at 
Govan. by Messrs. Harland and Wolff, Limited, 
and.one of a series on order for the British Tanker 
Company, has a deadweight carrying capacity of 
12,280 tons.. The latter company. intend to order 
tankers of 28,000, tops, and invitations to tender 
have been sent to several builders. The Furness 
Shipbuilding Company launched the San Silvestre, 
of 10,950 gross tons, during the year—the first 
Tees-built. vessel to be fitted with turbo-electric 
machinery—and they have orders for two sister 
ships fram the Bags Of and Shipping Company. 
The Anglo-Saxon Petroleum Company have a large 
number of tankers on order; one, building by 
Swan, Hunter and Wigham Richardson, Limited, 
will carry 28,000 tons deadweight. 

The increase. in/ tanker output has been accom- 
panied, however, by a fall in the output of other 
types of tonnage ; the decline in passenger tonnage 
has caused some concern in the finishing trades on 
the Clyde. In the case of passenger. shipping, 
perhaps, earnings compare least favourably with the 
large outlay required for new ships. Attempts to 


TABLE III.—Size of Merchant Vessels* Under Construction 
in British Shipyards. (Numbers.) 


























At December 31, At December 31, 
1947, - 1948, 
Gross Tonnage, 
Steam. Motor. Steam. | Motor. 
Under 1,000 .. 50 85 ss |t88 
1,000. to 1,999 .. 19 26 17 | 23 
2,000 to 3,999 .. 32 32 29 | 27 
4,000 to 5,999 .. 23 27 20 28 
6,000 to 7,999 . . 20 29 22 23. 
8,000 to 9,999 .. 12 37 16 88 
10,000 to 14,999 21 23 14 26 
15,000 to 19,999 3 4 6 8 
20,000 to 24,999 — 1 1 
25,000 to 29,999 2 —_ 2 pee 
30,000 and above 3 _ _ —- 
Total ..| 186 | 268 186 | 237 





19,000 gross tons, will carry 410 one-class passengers 
and has a cargo capacity of 700,000 cub. ft. On 
the Clyde, the largest vessel launched was the cargo 
motor-ship Sussex, of 11,300 tons, built by Messrs. 
John Brown and Company. The largest vessel 
completed on the Tees was the Kosmos V, a whale 
factory built by the Furness Shipbuilding Company. 
The tonnage completed for foreign owners in- 
creased considerably in 1948, amounting to 34 per 
cent. of the total output of ships over 100 
tons, compared with 23 per cent. in 1947. The 
ratio is likely to be maintained in 1949; of the 
vessels under construction at the end of 1948, 33 per 
cent., and of the vessels laid down in 1948, 38 per 
cent., were for foreign owners. It is disturbing, 
however, to note that the number of vessels over 
1,000 tons, other than tankers, building for foreign 
owners, declined from 445,000 tons at the end of 
1947 to 336,000 tons at the end of 1948. The 
tonnage of these vessels laid down also shows a 
considerable decrease in 1948 as compared with 1947. 
But for the increase in overseas orders for tankers— 
326,000 tons for export were under construction 
at the end of December, 1948, as compared with 
155,000 tons at the end of 1947—-the export outlook 
would have been much less favourable. The 
contribution made to the shipbuilding and marine 
engineering industries to the export drive may be 
seen in Table IV, herewith. The tonnage and value 
of the categories listed almost doubled in 1948 as 
compared. with 1947. A large proportion of the 
exports, moreover, has gone to hard-currency 
countries. Of the total 2-0 million, tons under 
construction at the end of 1948, ships destined for 
Norway account for 303,000 tons. Argentina, for 
which 117,000 tons are in hand, is the next most 
important market. Portugal accounts for 44,000 
tons, The Dominions and Colonies have 112,000 
tons on order. The remaining markets, in order of 
descending importance, are Panama, Denmark, 
Holland and Sweden. 
The results of the partial Census of Production 
for the Marine. Engineering Industry for 1946, 
which became available during the course of 1948, 
are of-some interest (Table V). No reliable index 
of the increase in prices between 1937 and 1946 is 
available. It is estimated, however, that, over the 
entire range of products of the engineering industry, 
prices rose on the average by 55 per cent. over the 
period. Assuming a comparable rise for the marine 
engineering industry, and revaluing the 1937 output, 
per person employed on this basis, it becomes 3471, 


that there has been a fairly large increase in this 
type. Three vessels of note were the San Silvestre, 
already mentioned, (turbo-electric machinery sup- 
plied by the Géneral Electric Company); and the 
Princess Marguerite and Princess Patricia, with 
turbo-electric machinery of 15,500 shaft horse- ~power, 
by the Fairfield Shipbuilding and Engineering 

Company. Over 500 ships powered by Doxford 
engines have been put into service since the inven- 
tion of this type 27 years ago, and about 250 more 
such vessels, totalling about 1-35 million indicated 
horse-power, are on order. Apart from William 
Doxford and Sons, Limited, who produced ten sets 
totalling 44,000 i.h.p. in 1948, this engine is now 
produced by 12 licensees, the latest being the 
Australian Government. Building in Australia has 
already begun. Further progress has been made 
with the de t of marine gas turbines; the 
British Thomson-Houston Company are building a 
1,200-shaft horse-power gas-turbo-electric propulsion 
engine for the Auris, a tanker belonging to the fleet 
of the Anglo-Saxon Petroleum Company. The 
Metropolitan-Vickers Electrical Company have 
provided experimental units for small naval craft, 


TaBLE V.—Marine Engineering: General Summary of 
Census of Production. 





Unit. | 1985. 1987. | 1946. 





| 
£1,000 | 12,434 
£1,000 | 6,326 


Value of (gross 
aateral, fo fuel and elec- 


a 5} for work 


22,311 
11,430 


39,268 
18,671 








given out £1,000 | 566 650 675 
Net output £1, ‘000 5,542 | 10,231 | 19,922 
Average number of per- 

sons employed No. | 31,814 | 45,712 | 49,976 
™ output ad person } | 

employed £ | 174 224 | 399 





TABLE VI.—Merchant Vessels Under Construction in 
British Shipyards. 





























* Excluding sailing veseels and barges. 


TABLE IV.—UNITED KINGDOM: 


as compared with 3991. in 1946. In contrast with 


At December At ee At December 
31, 1946. $1, 1947. | 31, 1948, 
Gross Gross | Gross 

No. | ‘Tonnage. | °- | Tonnage. ke No. | Tonnage. 

Steamers | 195 997,329 | 186 980,507 [sss 879,428 

ships | 234 931,528 | 268 | 1,182,475 | 287 | 1,235,302 
Sail and 

barges 25 8,205 34 10,379 40 9,221 

Total ..| 454 | 1,987,062 | 488 2,173,361 | 462 | 2,123,951 

i (Om | : 











SHIPBUILDING AND MARINE ENGINEERING EXPORTS. 



































| | | 
1938, | 1939. 1942, | 1943. 1944, 1945. 1946, 1947. 1948,* 
ee — —- _—— — } ——s } —_—_——— i —- ee i - - - — ay 
Tons. | £1,000. | Tons, | £1,000. | Tons, | £1,000, Tons. | sx0 £1,000. | Tons. | £1,000. | Tons. | £1,000. Tons, | £1,000. |? Tons. | £1,000, | | Tons. | £1,000 
=a we ee tee 4 BS Gt ae Bee ae re ee eT 2! 2 
| | 4 | | | | } 

Ships for beaking-ep 13,002 $2 | 22,772 | 47 — | amy | —. | — — 9,342 | 14 | _ 4,400 | 22 | 10,528 | 53 
War vessels . -| 6,967 | 2,022 1 — | — — | — 
Steam vessels | .| 184,470 | 4,063 4 eee | gs 76 — | 988} 14,552 | 1,165 | 33,678 | 2,565 | 108,0 015 9,668 | 212,888 20,384 
Motor vessels sa 891./ 1,959 ’ ee Be — 33 j; 553 | 34 | 15,518 | 1,349} 94,000 8,639 } 202,987 | 17,536 
All oes vessels | 11,574 447 | i — 37 | 581 24 | 24,673 565 | 16,470 | 668 | | 978 | 1,203 
engines .. --| . 2,661 617 2,206 476 966 | 284 772 232, 1,153 | 387 52 23} 5,892 1,707 | 7,592 | 8,061'| 10,175 | 4,299 

Steam --| 1,229 151 561 73 178 | 65 156 61 179 | 62 } 7s | ae 944 1,453 282 | 1,943 
Turbine ate oa 993 234 473 171 72 | 35 112 66 115 | 40 | 1,854 | 837 | 23435 | 1,890 | 93,877] 1,610 
Total .. . -| 171,787 9,525 ~ —_ 7,801 bist | 867 | — 425 — 1,542 15,738 | 1,246 | 91,402 | 7,297 | 234,365 | 23,880 | 442,871 } 45,544 








* Second-hand ships, not separately classified from new vessels prior to 1948, are not included in the total. In 1948, 250 such vessels, valued at 636,000/., were exported. _ 


increase returns by widening the range of first-class 
accommodation have not been notably successful. 
One answer to the problem is the cargo ship designed 
to carry a few passengers, and this type has been 
gaining in popularity. There was, however, some 
increase in the number of larger liners under con- 
struction during 1948. Table ITI, herewith, shows 
that the number of vessels under construction of 
between 15,000 and 20,000 tons is doubled as com- 
pared with 1947. The Himalaya has already been 
mentioned. Another important vessel was the Mo- 
zambique, a passenger and cargo liner of 16,000 tons 
gross, built by Messrs. Swan, Hunter and Wigham 
Richardson for Portuguese owners. Another liner 
of 16,000 tons has been laid down by the same 
company for French owners. New passenger 
tonnage launched in 1949 began with the Rangitcto, 
the largest vessel built on the Tyne for ten years, 
from. the Naval Yard of Vickers-Armstrongs 





Limited, at Walker-on-Tyne. This vessel, of 





shipbuilding, it seems, therefore, even allowing 
for a wide margin of error, that there has been 
some increase in productivity. A rough estimate of 
the net output of the industry in 1948 can be 
obtained by making the reasonable assumption that 
productivity has remained constant and that output 
has therefore declined in proportion as the numbers 
employed, or 4 per cent. This would give 19-21. 
millions, or about 231. millions at 1948 prices. 

Oil engines continue to make headway at the 
expense of steam; Table VI, herewith, shows that 
the tonnage of motor ships under construction 
increased from 1°18 million in 1947 to 1-24 million 
in 1948, while the tonnage of steam vessels declined 
from 981,000 to 879,000. Electric drive, either in 
combination with the steam turbine or the Diesel 
engine, increased in popularity in 1948, In 1947, 
only one turbo-electric ship and two with Diesel- 
electric drive were launched. No figures for 1948 





are yet available, but preliminary reports indicate 





and the Parsons and Marine Engineering Turbine 
Research and Development Associstion was actively 
engaged in cevelopment work, as recorded ia the 
Parsons Memorial Lecture delivered by Dr. T. W. F. 
Brown to the North-East Coast Institution of 
Engineers and Shipbuilders. 

To sum up the prospects of shipbuilding and 
marine engineering, a high level of ,activity is 
assured for several years to come, but the danger 
signals are already plain. High costs have resulted 
in a falling off in orders for passenger ships, and 
there is evidence of a declining demand for general- 
purpose cargo tonnage, which is likely to continue 
as freight rates fall away. The war-time losses 
of the British merchant fleet, however, have not yct 
been made good, so that it is unlikely that there will 
be any falling off in home demand for shipping. 
While, moreover, the world shortage of tankers 
remains acute, there should be‘ no reduction in 
export orders. 








N 


Tw 
tion h 
matio 
Weste 
Archit 

revic 
for Fi 
House 
day, ! 

er 
Pe thd 
Heati 
with 
relate 
fuel ¢ 
dome 
is bas 
Abbo' 
area 
when 
as to! 
19 di! 
descr 
into 1 
(“ ba 
and v 
of the 
per | 
outsic 
the t 
0-17 

Thi 
was | 
and 
avera 
by a 
result 
const 
avera 
syste: 
and : 
prodt 
50 pe 
clusic 
satisf 
ture 











MARCH 4, 1949. Cae 





ENGINEERING. 





199 








DOMESTIC HEATING AND 
VENTILATION. 

Two more papers on domestic heating and ventila- 
tion have recently a They ay bs infor- 
mation to that given by Mr. d Dr. J. C. 
Weston in a pe st to the Royal Institute of British 
Architects, w: 


vhich was reviewed on page 638 of our 


revious volume. The Journal of the I: of Fuel 
bor he heed contains a on “ The wot 
House ad by Dr. . ¢. Weston, and on 
. A, T. Pickles, 


day, March,2, Mr < 0.B.E., M.A., read. a 
* Post-War 


sq. ft., during the 
when laboratory assistants operated 
as to simulate the requirements of a family of four. The 
19 different heating systems in the houses were briefly 
described in our previous article. They may be divided 
into three groups : partial heating, two- heating 
(“‘ background ” heating plus “ topping up ” heating), 
and whole-house heating. The thermal transmittance 
of the walls of all houses is 0-20 B.Th.U. per square foot 
hour . F. of difference in temperatures 
Pateide and i ‘aside, The roofs are insulated so that 
the thermal transmittance of the first-floor ceiling is 
0-17 B.Th.U. per square foot hour per deg. F. 

The annual consumption of fuel for water heating 
was readily obtained from the experimental results, 
and the consumption for space heating during an 
average winter was obtained, with sufficient accuracy, 
by a mathematical method, using the experimental 
results related to weather conditions. e total 
consumption of electricity, coal, coke, gas, etc., for an 
average year in the London area, for each heating 
system, is expressed in terms of total input in therms, 
and also as the equivalent input in tons of coal (a 
production efficiency of 18 per cent. for np rec = | and 
50 per cent. for gas was assumed). The general con 
clusions are that the whole-house systems provide a 
satisfactory mean house temperature for the expendi- 
ture of an average quantity of fuel (approximately 
1,250 therms annum). The partial system varied 
considerably, from 950 therms for a house with an open 
coke fire and a boiler at the back, to 2,250 therms for a 
house with a solid-fuel cooker in the kitchen living-room 
and an open fire in the parlour, the house temperatures 
being about average in both cases. Unfortunately, the 
particular two-stage systems chosen are to some extent 
penalised by shaving separate appliances for space 
heating and water heating, and the fuel consumptions 
are generally high. Dr. Weston then determines the 
overall efficiency of each system, from a knowledge of 
the thermal input in various forms and the losses by 
conduction and ventilation ; this method of computa- 
tion is confirmed by measuring heat lost up flues and 
in wasted ash. The whole-house systems again show 
up well with an average efficiency of about 70 per cent., 
the average efficiency for two-stage systems being 
about 60 per cent., and for partial systems about 
52 cent. An attempt is made to compute the 
district-heating load; the value derived is considered 
to be more accurate than those advanced Hue by 
Mr. A. Stubbs (575 therms per annum), and Mr. D. V. H 
Smith (360 therms per annum). After considering the 
new data, and making allowances for several factors, 
Dr. Weston concludes that at lest 700 therms would be 
required from a district-heating system during an 
average year in Southern England for a well-insulated 
house of. about 900 to 950 sq. ft. floor area. 

Mr. A. T. Pickles, in his paper to the Institution of 
Heating and Ventilating Engineers gave an account 
of the programme of research on heating and ventilating 
which is being undertaken at the Building Research 
Station, and reviewed the made by other 
workers in this field. The thermal-transmittance 
values for walls and roofs of various constructions are 
being measured, using specially-built structures. 
Physiolegical studies are being undertaken to clarify 
what is perhaps the least-understood aspect of the 
problem, namely, the subjective influence, on persons, 
of various constructional materials and heating 
systems and phenomena, The author regre'‘ed that 
ventilation had not received as much attention as 
heating. He reviewed some of the work being under- 
taken on ventilation, mentioning imag the in- 
vestigations carried out at Abbot’s Langley, which show 


that the ventilation rate in a house can hacks cpeae impedan 
ly with 


as a constant plus a term which increases linear 
wind speed. The results also showed that, in unoccu- 
pied rooms with all doors and windows closed (but with 
the heating appliances in operation), the ventilation rate 
is generally considerably higher than that recommended 
as a suitable minimum by the Egerton Committee. 
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THE MEASUREMENT 
_OF LIGHT AND COLOUR. 





stable for standardisation purposes, even though there 
were some doubts about its reproducibility. Later 
developments established a measuring technique 
whereby the brightness of a black body (a full radiator) 
at the feesing point of platinum could be reproduced to 
within 0-1 per cent. In 1939, therefore, the Commis- 
sion International de |’Eclairage (C.I.E.) recommended 
that the standard of light intensity should be taken as 
a pe Eisai Fe radiator at this temperature. 

is recommendation was adopted by the Bureau 
Internationale des Poids et Mesures, and the standard 
was assigned a value equal to 60 times the light intensity 
of the “ new candle,” which su; ied the previous 
“‘ International Candle” in January, 1948, and allowed 
for small discrepancies between comparisons based on 
the old and new standards. At the Paris meeting of 
the C.I.E. in July, 1948, it was recommended that the 
new standard should be internationally known as the 


“* candela.” 

If the spectral-energy distributions of different light 
sources were identical, then a single observer could a 
visual poner comparisons which agreed with those 
made by others within one per cent.; and, by taking 
the average of a number of such observations, accuracies 
within 0-1 per cent. could be obtained. However, 
when there were differences between the spectral- 
en distributions, or in colour, the results obtained 
varied with the observer, the type of photometric 
field, the size of the field, and its brightness; even 
so, reasonably accurate results could secured by 
employing a large number of selected observers. Visual 
comparisons became more difficult with the develop- 
ment of electric-discharge lamps because large differ- 
ences occurred in spectral-energy distributions and in 
colour when their characteristics were measured with 
reference to t -filament standard lamps. Physical 
methods of photometry and colorimetry were therefore 
developed so as to give results in ce with those 
of a hypothetical “ a e.” This was specified 
by the C.I.E. in 1931, and was known as the “ standard 
oO er.” It was based on a table compiled from the 
spectral sensitivities of the eyes of several hundred 
people examined under ified conditions. 

The photometers employed for epee measure- 
ments geneity incorporated phi Is with appro- 
priate circuits for amplifying and recording the photo- 
electric currents set up by the light sources being 
compared. Three main a systems had been 
developed. In the first, light the test lamp and 
the comparison source fell alternately on to the photo- 
cell, and the resulting out-of-balance current was 
amplified, and then rectified by a commutator mounted 
on the same shaft as the light-interrupting or chopping 
device. The second s in ted a direct- 
current valve bridge amplifier which was arranged 
to be balanced when no light fell on the photocell. This 
technique came into greater use as emission-t hoto- 
cells, giving a linear response to modo developed, 
the indications then given being directly proportional 
to the incident light ; no photometric bench, equiva- 
lent light-attenuating device, rectifying commutator 
or movi were needed. The third system 
included a direct-current amplifier with negative 
feedback for providing a fairly constant gain and 
linearity over the working range; it was generally 
used where control devices were to be operated, and 
where great accuracy was not essential. 

Both emission type and selenium-rectifier or barrier- 
layer types of photocell were used for photometry. 
Emission t were generally employed when high 
accuracy and sensitivity were needed, because their high 
i ces enabled them to be in rated with 
amplifiers of large gain and stability. Photocells with 
thin-film potassium, cesium-antimony or cesium-bis- 
muth forms of cathode were used, since these cells had 
spectral sensitivities which could be modified by filters 
or equivalent means to give spectral responses adjust- 
able to that of the “ average eye.” Sensitivities of 10-4 
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and 
differential fatigue ; im is, a greater rate of fati 
to red than to green.or blue light. ey 
Several t of photometer, incorporating either 
hoto-emissive or selenium-rectifier shstecdi were 
iefly described by the author. One of the earlier 
forms, used a photo-emissive cell in conjunction with 
a direct-current valve bridge similar to that already 
referred to. Its sensitivity and accuracy were later 
improved by employing an electrometer triode valve 
in the amplifying circuit, the valve, grid leaks, and 
photocell all being mounted in an evacuated bulb in 
order to maintain the high grid insulation which was 
necessary. These types of photometer were now well 
established and gave satisfi results provided the 
differences in the spectral-energy distributions of the 
= being compared were not too great. The filters 
which were used with them for correcting the spectral 
response of the photocell did not produce close 
approximations to the “ average eye” response, and 
high-pressure mercury-reference lamps, calibrated in 
the photometric standards laboratories, were originally 
employed for checking the photometric scale, and for 
bam any adjustments. 





The ing sensitivity (approximately 10-" 
lum n).and stability“of the photo-emissive photometer 
with the direct-current valve bridge cirouit led to its 
in ing use in photometric work, and to a demand 
for suitable control equipment and, in 1946, a. mains- 
operated unit with electronically controlled voltage 
regulator became available commercially. Such “ uni- 
versal” type instruments had been employed, in con- 
junction with special telephotometers systems, for mea- 
suring searchlight beam intensities in daylight, which 
was & wartime condition. Measurements were made at 
distances up to 5,000 ft. from the projector, the size of 
the aperture in the image plane of the photometer being 
chosen so that the field of view included little more 
than the full aperture ofthe projector. With this 
arrangement, the amount of daylight reaching the 

hotocell was small, and calibration was carried out 
in daylight by reference to standard lamps of 1, 2 
and 5 kW sizes. The telephotometer was trained on 
the distant lamp (or projector) and measurements were 
made first without, and then with, the lam alight, the 
difference between the two readings indicating the 
light intensity. Similar measurements were then made 
with the projector under test, its light intensity being 
calculated from the calibration obtained for the stan- 
dard lamp. 

Uncertainties arose when measuring light sources 
having spectral-energy distributions appreciably differ- 
ent from those of the junaglen- leat standard 
lamps to which reference had ultimately to be made. 
Though such measurements could be carried out 
visually, they were laborious, and as already indicated, 
needed a large number of observers, Experience had 
also proved that the spectral response of photocells 
could not be corrected exactly to that of the C.I.E. 
“ ave eye,” so alternative methods were developed. 
In oné of these, described in some detail in the paper, 
the light was dispersed optically into its constituents, 
and a suitably shaped mask was placed in the image 
plane to obstruct appropriate proportions of the colours 
which were obtained from different parts of the spec- 
trum ; the light passed by the mask was subsequently 
recombined, and formed into an image on the photo- 
electric receiver. This form of dispersion- and mask- 
photoelectric photometer required closely linear re- 
sponses from the photoelectric measuring devices since 
these had to integrate photometrically all the light 
which the mask. Light sources of all spectral 
distributions and colours could be measured to accura- 
cies of the same order as those claimed by the National 
Physical Labora in their calibrations of tungsten- 
filament lamps of all colour temperatures and of electric- 
discharge lamps, 

Visual colorimetry techniques depended largely on 
the production of a light of any colour from the mixing 
of lights from primary coloured sources, a primary 
source being one which could not be matched by 
mixing. In some tricolorimeters, the lights from three 









200 


ENGINEERING. 








MARCH 4, 1949 





ROLLING STOCK FOR 


TRANSPORTING 


STATORS OF TURBO-ALTERNATORS. 








primary sources or matching stimuli were adjusted 
until the resulting colour on one side of the photometric 
field was similar to that produced on the other side 
by the light from the test source. Although there 
—_ then “be no colour differences, there might be 
ifferences in the spectral-energy distributions, so that 
different observers would, according to the spectral 
sensitivities of their eyes, record differences in the 
proportions of the matching stimuli required. Such 
errors could be minimised by using a small 
photometer field, but the precision of colour matching 
was then small, and, in order to obtain useful accuracies, 
mean results from a large number of observers were 
necessary. These difficulties had been overcome largely 
by the use of a modified form of colorimeter in which 
the three matching stimuli (red, m, and blue) were 
supplemented by an orange, yellow-green, and blue- 
green. The spectral-energy distribution of the source 
to be measured was first matched approximately by 
mixing all six stimuli; the final colour match was then 
made by adjusting only three of them. The closer 
8 -energy match thus obtained enabled a 15-deg. 
Lummer-Brodhun photometer to be employed without 
introducing appreciable mal errors, and allowed 
the eye to approach its limit of colour sensitivity. 
Many different sets of matching stimuli were used in 
practice and, in order to facilitate the comparison and 
interchange of trichromatic-colour specifications, the 
C.LE., in 1931, adopted a system for international use. 
Provided the spectral-energy distribution of a source 
were known, its colour specification could be determined 
on the C.LE. system by calculation. The colour 
specification of light which was transmitted through a 
ter or refi from a surface could be similarly 
calculated. The techniques involved the measurement, 
by photo-electric means, of the light at each wavelength 
at the exit end of a monochromator ; measurements 
were made of the ratio of the light transmitted or 
reflected. to that coming directly from the source. 
One of the most highly developed forms of instrument 
for making such measurements was the Hardy photo- 
electric automatic-recording spectrophotometer, which 
was widely used in the United States of America. In 
this instrument, the light from a tungsten-filament 
lamp was dispersed through a double monochromator, 
and a 100-Angstrém bandwidth of the sensibly mono- 
chromatic emergent light fell alternately on to the 
coloured surface under test and on to a magnesium- 
oxide reference surface. The diffusely-reflected light 
was collected by a small integrating sphere, from which 
it was transmitted to a photocell connected to an 
alternating-current amplifier. Differences in the 
amounts of reflected lights produced an alternating- 
current component, and this was amplified to control a 
servo-mechanism which caused a light attenuator to 
operate in one of the two light paths until balance was 
restored. The light attenuator was coupled to a pen 
which recorded on a chart wrapped round a drum. 
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The photo-electric techniques employed for measuring | 
the light and colour received directly from a source, | 


as already indicated, could also be used for specifyi 
the light reflected from a coloured surface or receiv: 
after transmission through a coloured medium. Since 
the colour of a light source depended upon its spec- 
tral-energy distribution, the colour of reflected or 
transmitted light depended both on the spectral-energy 
distribution of the source and on the spectral reflection 
or transmission properties of the substances concerned. 
The expression and the measurement of celour-rendering 
properties, however, was empirical and still in its 
infancy, though, in 1936, two methods for ifyi 
colour rendering properties were proposed aa 
these it was suggested that the relative luminance 
(brightness) in a minimum number of critically chosen 
bands might provide sufficient data for com- 
mercial purposes. Promising results were obtained by 
allowing the light from the source under test to be dis- 
persed through an optical system and to fall on a selen- 
ium-rectifier photocell suitably masked to receive only 
the selected wavebands. In one form of instrument, the 
was focused on to the sensitive surface of the 
photocell, which was sub-divided so that measurements 
of the current from the respective sections could be 
quickly made by turning a multi-way switch. Greater 
accuracies were obtained with photo-emissive type cells 
and with improved dispersion methods. ese led 
eventually to the design of the ss and mask 
photo-electric photometer already referred to. 





CONTROL UNIT FOR CONSUMERS ELECTRICAL INSTALLA- 
TIONS.—A new design of consumers control unit, which 
embodies a main switch and six circuit fuses, has been 
Placed on the market by Messrs. W. T. Henley’s Tele- 
graph Works Company, Limited, 51, Hatton Garden, 
London, E.C.1. Two arrangements of fuse-ways are 
available ; one comprising two 5-ampere and four 30- 
ampere fuses, and the other two 5-ampere, three 15- 
ampere and one 30-ampere fuses. Two space cartridge 
fuse links of each size are provided and are accommodated 
in retaining clips. 


CONFERENCE ON ENGINEERING HYDRAULIC8.—The 
Iowa Institute of Hydraulic Research, State University 
of Iowa, Iowa City, U.S.A., have concluded the arrange- 
ments for the Fourth Hydraulics Conference, to be held 
in Iowa City from June 12 to 15. The programme will 
include five technical sessions, a guided tour of the 
new Institute facilities and opportunity for informal 
talks. Thirteen papers dealing with present-day 
principles and methods of analysis are now being printed 
for issue to those who have signified their intention of 
attending. After the conference these papers will be 
published as chapters of a book to be entitled Engineering 
Hydraulics. 
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TURBO-ALTERNATORS. 


A group of wagons and associated equipment for 
the transportation of stators weighing up to 150 tons has 
been put into service recently by the North Eastern 
Region, British Railways. A stator with a bore of not 
less than 40 in. can be carried on a beam which 
through the bore. The need for equipment of this 
nature arose from developments in turbe-alternators 
involving reduction in the bore and increase in the 
weight of stators. oes arrangement of the 
wagons and equipment will be apparent from Fig. 1, on 
this page, and from Fig. 2, which shows the principal 
dimensions. Each end of the main beam rests on a 
bolster which is supported by a wagon having two 6- 
wheeled bogies. The bolsters can be traversed by 
hand up to | ft. 3 in. on each side of the longitudinal 
centre-line to allow a stator which exceeds the railway 
loading gauge to clear bridges and other obstructions. 
The beam weighs approximately 41 tons, and if a 
150-ton stator were carried, the load on each axle would 
be 20-9 tons. That, however, would exceed the per- 
mitted maximum axle load. Part of the weight on 
the bolster, therefore, is relieved by a beam at each 
end. This latter beam is itself supported centrally on a 
wagon with two 6-wheeled bogies, and is arranged so 
that counterweights can be attached to the outer end 
to provide the required lift at the inner end. In this 
way, the load on each axle of the main-beam wagons 
can be reduced by 3-93 tons. Weights are not shown 
attached to the counterweight beams in Fig. 1 because 
the main beam is not carrying a load. A well wagon is 
coupled at each end to make up the necessary length 
and to leave a clear space for the counterweights. The 
main beam and its two wagons can be used alone when 
the weight of the stator is not sufficient to require the 
relief provided by the counterweights. 

Fig. 3, opposite, is a cross-section of the main beam 
and agg ye | bolster, and Fig. 4 is a longitudinal 
section. It will be seen that the top part of the bolster 
is free to pivot to allow the wagons to conform to the 
line of the track. Figs. 5 and 6, on page 204, show 
the main beam and wagons, and a stator being loaded, 
oe pan The beam is fabricated from steel plates 
and sections riveted and welded together, and a 
longitudinal camber of 1} in., which is removed when 
a stator is being carried. The cross-section, Fig. 3, 
shows two plates above and below the central longi- 
tudinal aie but the beam increases in depth towards 
the middle in two steps, as shown in Fig. 2: there is an 
additional plate 37 ft. 4 in. long and another 19 ft. 3 in. 
long above and below the beam. They are not shown in 
Fig. 3 cwing to the camber. It is also not convenient to 
show, in Fig. 3, the longitudinal web on each side of 
the beam and the series of }-in. which surmount 
each web, but these are shown in Fig. 5. The beam-is 
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provided with two holes at each end, which are used, 
according to the length of the stator, for coupling 
to the bolster brackets. A bridging web piece is 
bolted to the beam on each side the holes not 
in use. 

The general arrangement of the bolsters will be 
evident from Figs. 3 and 4, and from Figs. 7 and 8, on 
page 204. The top part is pivoted at the centre, and, 
when under load, rests on a flat plate at each side of the 
bottom part. The male member of the pivot is bolted to 
two horizontal plates (each 4 ft. 11} in. by 2 ft. 6 in.), 
which are separated by two. wood blocks on each side 
of the traversing screw and nut. The lower plate is 
fitted with a bearing plate, } in. thick, which is free 
to traverse on 27 case-hardened steel rollers, each 2 in. 
in diameter and 2 ft. 34 in. long. The ends of the 
rollers fit into clearance holes in a frame or cage, and 
the rollers zun on a bearing plate, } in. thick, on the 
baseplate of the lower part of the bolster. The travers- 
ing screw is provided with a ratchet handle at one end. 
The bolster can be locked by two bolts at the front and 
rear, and a graduated strip shows the ition of the 
bolster transversely. The bolster is fitted with oil 
vives oe boxes for lubricating the screw, bearing 


, eto. 

The connections between the cou ight beams 
and the main beams consist of two vertical links; the 
lower ends of the links are pinned to a lug on a cross- 
head which is itself pivoted to a removable bracket on 
the end of the main beam (in Fig. 8 the crosshead is 
naturally hanging down, but when in use the hole 
is brought to the top). The upper ends of the links 
are bolted to an eye bolt which is free to rotate in a 
crosshead at the end of the counterweight beam. The 
connection is thus a form of universal coupling. Each 
counterweight beam weighs approximately 12 tons, 
and rests on an arched casting to allow it to conform 
to undulations in the permanent way ; the fulcrum is 
35 ft. from the connection to the main beam, and 36 ft. 
from the centre of gravity of the counterweight. The 
beams and bolsters were constructed at Darlington 
Locomotive Works, British Railways, and designed in 
the Carriage and Wagon Drawing Office. The first of 
the stators for which they were designed was recently 
conveyed from the works of Messrs. C. A. Parsons and 
Ca Limited, Newcastle-on-Tyne, to the Prince 
of ym ear eee ag rpg It was 11 ft. 6 in. 
in diam an . 24 in. long. Arrangements have 
been made to tr stators 12 ft. 44 in. in diameter 
and 21 ft. long. Since the photographs reproduced in 
this article were taken, the bogies shown in Fig. 5 
have been replaced by others with wider spacing 
between the axles, so as to spread the load over a greater 
length of track. 
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struction Company, Limited, 56, Kingsway, London, 
W.C.2, and Messrs. Parolle Electrical Plant Company 


TRENDS IN ENGINEERING.* 
By J. Fostme Perree, M.I.Mech.E. 
(Concluded from page 186.) 

In marine machinery, there are evident signs of the 
desire to economise in materials and man-power, and to 
design the machinery to suit the type of man most 
generally available to run it. This remark is not 
intended to be derogatory, for the modern seagoing 
engineer is very different from his r of a 
generation or two ago in the average level of his 
technical attainments and capabilities; but it would 
be misleading to ignore the fundamental differences 
between his working conditions and those of his 
confrére in a power station. The land tor has at 
his back the great resources of the big boiler-making, 
turbine-building and electrical firms, the expert main- 
tenance staffs of the makers of auxiliaries, etc., and the 
accumulated knowledge of various research associations. 
The average seagoing engineer ds much of his work- 
‘ing life out of reach pe gece ities, and the plant 
that he operates must be designed with that in mind. 
At the same time, there is a tendency to rely more 
upon shore equipment and less upon the ship’s engineer- 
ing complement for periodical overhauls, and to design 
machinery to run for longer periods without adjustment. 

After some years of the ive spread of Diese! 
engines for marine work, there are signs that steam is 


— 


partly because suitable coal is not readily available, 
but, undoubtedly, in part also because of the human 
factors already mentioned so often. There have been 
attempts to introduce pulverised-coal firing, but with 
little success; and stoker-firing, though reasonably 
effective where it has been tried, has not managed to 
compete with oil. Electric drive for auxiliaries has 
become general, often using current from Diesel-driven 
generators, sometimes supplemented by steam-turbine 
sets. There have been marked reductions in the 
number, and increases in the rating, of the boilers 
supplying main propelling machinery; and the 
decrease in the space occupied by the machinery has 
been remarkable, especially in naval vessels. There is 
not the same inducement to reduce the machinery 
space in a merchant ship below a certain proportion 
of the gross tonnage, as the present tonnage laws pre- 
vent the owner from benefiting by a further reduction. 

In the construction of ships there have been various 
interesting developments, few of which have yet reached 
finality. The use of welding, after a somewhat forced 
growth during the war, has me orthodox practice ; 
— in association with — certain —- a ney 
work, though one yard is still engaged in building all- 
welded destroyers. For larger vessels, however, both 
naval and mercantile, it is probable that a combination 
of welding and riveting will continue to hold the field. 


* Paper presented at a meeting of the York Engineer- 








Limited, Princes Buildings, King-street, Newcastle-upon- 
Both calendars are current to February, 1950. 
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ing Society, held on Thursday, February, 8, 1949. 
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returning to favour, but always in association with 
oil-fired boilers. Coal-firing is definitely out of favour, | 80048 









“ENCINERRING” 

Steady progress has been made in modifying the 
scantlings and disposing the structure of ships to 
ide equal with less material; the new 

ules of Lioyd’s Register, recently issued, show a 
marked advance in this The use of light 
alloys for unstressed parts of the superstructure is 
making some headway. Unfortunately, the advantages 
that should accrue from these and other developments 
in hull and machinery are being offset by in i 
delays in human factor yet i 
questions first cost are possibly more prominent 
in the building and operation of ships than in almost 
any other branch of applied i It is early 
yet to dogmatise on the eventual effect i 
air me rt upon seaborne traffic over corresponding 
routes ; but it is still the case that most passengers on 
long-distance air routes are flying from necessity rather 
than choice, and sea offers better prospects 
than air travel for reduction of cost without material 
sacrifice of amenities. : 

Rail transport is a field in which the human element 
(on both sides of the booking-office window) exerts a 
dominating influence on technical development. It 
may be e that the technique of track main- 
tenance which had been on certain main 
routes will be applied more widely in the future, to 
the greater comfort of those who travel by rail; that 
there will be a progréssive increase in the capacity 
of the average goods wagon; and, ps, more fast 
trains and better means of handling goods at 
terminals and other stations (th not, it may be 
hoped, an extension, but rather reverse, of the 
practice of using stations for fish traffic). 
On the locomotive side, some in’ ing experiments 
are in progress or in prospect—Diesel and Diesel-electric 
locomotives, gas-turbine locomotives, and new types 
of steam reciprocating locomotives ; but coal, it would 
seem, must continue to be the main fuel, and reasons of 
economical production and maintenance indicate that 
the majority of the locomotives in service, for the next 
20. years at least, will be of familiar and orthodox 
design. Passenger stock seems to offer more scope for 
new methods and materials of construction, and there 
is talk of new trains of lightweight construction, to 
ease the load on the track and otive: a step 
which may arouse rather mixed feelings, unless at the 
same time some intensive research is directed to the 
question of springing, which seems at present to be 
one of the less thoroughly explored vec nog wt gpd 
engineering. Whether c planning 8 aim 
mainly to provide faster trains or more trains of the 
semi-fast kind, or merely more trains, is outside the 
immediate scope of this paper; but at all times the 
convenience of the passenger and of the shipper of yw 
must take precedence over the convenience the 
employee if the railway service is to be, in fact, a service 
and not to be regarded merely as a barely tolerated 
necessity. The wiser railwaymen in all see this 
and act up to it, but.there are others who constantly 





seek to cut down services that are inconvenient to the 
operating staff, and always there will be the reluctance 
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of new recruita to engage in the less attractive jobs. 
en pag as these opposing tendencies, 
erefore, it ma: di that main-line electrifica- 
tied Wil COlbberiauaip TT A hte 
The place of the gas turbine in future commercial 


and industrial a; is difficult to forecast. 
Much e: i work is going forward and some of 


it is on a considerable example, the 15,000-kW 
sets now under construction for the Briti Electricity 
Authority. For aircraft, especial, aircraft, it 


ly military 
oly SAS Seer San eggteeien fn Sih 
costs are definitely secondary to performan: 
same may come to apply to small fast naval craft, but 
fuel consumption and cost assume much greater 
importance in most other marine and land applications. 
If means can be found to use coal directly as a 
turbine fuel, the situation will i 


a life of gas-turbine- mac , other than 
whereas a great deal ce has 
accumulated the working life the main- 


20 cent. : 
. above comments a; also to the commercial 
and industrial pre the utilisation of atomic 


energy. On present indications, any commercial or 
a -up 

must be converted into usable Saat vd cons odagtn: 
tion of existing means. There is the i 
difficulty of dangerous radioactivity, the persistence 
of which appears not to be known yet with certainty. 
Some progress has been made with the disposal of 
radioactive effluents, as indicated by reports from 
Harwell; but Harwell is really a very small installa- 
tion. What is to be done with a worn-out and dis- 
carded atomic-energy plant, which, presumably, cannot 
be dismantled by any of the means adopted in the case 
of other unwanted machinery ? In the absence of any 
sure means of de-activation, is it merely ‘to be fenced 
round and left to moulder into ruin? or must it be 


two influences of labour otaune money shortage. 
The money problem may become easier in’due course, 
ee 

regard it, shortage of juctive work-hours— 
(avataten tu'beemaliv-dese eoete wil of time 
and the increasing average age of the population of 
these islands. « ” 





LAUNCHES AND TRIAL TRIPS. 


8.8. “ SIDI BEL ABBEs.’”’—Twin-screw passenger and 
general cargo vessel built by Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, Newcastle-upon- 
Tyne, to the order of the French Governmént for the 
Société Gérérale de Transports Maritimes & Vapeur, 
Marseilles, France. Main dimensions: 402 ft. by 
53 ft. 6 in. by 27 ft. 3 in.; deadweight capacity, 2,122 
metric tons on a draught of 19 ft. 63 in. Parsons steam 
turbines with single-reduction double-helical gearing, 
installed by Messrs. Swan, Hunter. Two La Mont 
boilers supplied by Messrs. John Thompson Water Tube 
Boilers, Limited, Wolverhampton. Speed on trial, 
21-5 knots. ‘Trial tr'p. February 17. 

M.S. “ ATHELDUKE.”—Single-screw tanker to carry 
molasses in bulk, built by Sir James Laing and Sons, 
Limited, Sunderland, for the Athel Line, Limited, 
‘London, W.1. Main dimensions: 465 ft. (between 
perpendiculars) by 63 ft. 2 in. by 34 ft: 7 in. ; deadweight 
capacity, 12,840 tons on a draught of 28 ft.24ih. Four- 
cylinder Doxford-type oil engine, supplied by the North 
Eastern Marine Engineering Company (1938), Limited, 
‘Wallsend. Servicespeéed 123 knots: Trial trip, February 23, 

8.8. “ COLVILLE.”—Single-screw collier built by 
Messrs. 8. P. Austin atid Son, Limited, Sunderland, for 
Messrs. Coastwise Colliers, Limited, London. Main 
dimens ons: 317 ft. 6 in. (between perpendiculars) 
by 44 ft. 6 in. by 22 ft. 1 in.; deadweight capacity, 
4,350 tons on a mean draught of 19 ft. 104 in. Triple- 
expansion engines, of 1,070 i.h.p., and two forced-draught 
boilers, supplied and installed by the North Eastern 
Marine Engineering Company (1938), Limited, Sunder- 
land. Service speed, 10 knots. Trial trip, February 26. 
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BRITISH STANDARD 
"SPECIFICATIONS. 


Tus, bllowne blicationg of engineering interest 
_ been sued by tae hae British Standards Institu tion. 
pies are i the Sales Department 
the Institution, 24, Victoria-street, London, 8.W.1, at 

the price quoted at the end of each paragraph. 

Wrought Aluminium.—A new specification, B.S. 
No. 1470-1948, is the first of a new series of similar 
blications covering aluminium and '*luminium 
in various forms for general engineering t 
deals with sheet, up to and including ma: 0-252 in. 
thick, and — up to and including 0-192 in. thick, 
ee cans ee See oF 
nomenclature pted. This involves a system of 
letters and numbers which denote (a) the form of the 
material, namely, whether it is made into bars, 
sheet, tubes, wire, etc.; (5) the heat-treatment to 
which it has been submitted, and (c) the condition or 
po od which the material is available. Great care 
has éxercised in the choice of the symbols to avoid 
ambiguity and confusion with other systems of identi- 
fication. ‘The system of nomenclature will be ad 
for all the specifications in the series. The present 
specification concerns three grades of aluminium and 
eight alloys of aluminium with various percentages of 
Manganese, magnesium, silicon and , and the 
first part of the publication relates to ical com- 
positions, the conditions in which the materials are 
available. and the mechanical i The second 
part of the ification contains general clauses 
app icable to all the materials. Tolerances on thick- 
ness and on width and h are given in tabular form. 
[Price 3s. 6d., postage included.} 

Domestic Electric Space Heating.—A Code of Practice 
recently issued in final form by the Codes of Practice 
Committee for Civil i » Public Works and 
Building is CP No. 324.201, which concerns the instal- 
lation of domestic electric space-heating equipment. 
Various appliances are described and a table gives the 
characteristics of each t Attention is wn to 
certain factors which influence space-heating require- 
ments and the Code offers a good general guide to the 
heating standards normally required advice on 
how to obtain them. It does not apply to central- 
heating systems. [Prige 2s., postage included.} 





CONTRACTS. 


ASSOCIATED BRITISH OIL. ENGINES LIMITED, Duke’s- 
court, 32, Duke-street, St. James’s, London, S.W.1, have 
received numerous export orders for heavy industrial 


;| Diesel engines. These include 14 generating sets with 


Mirrlees “TL” engines of various sizes, one Mirrlees 
“HF” eight-cylinder engine with clutch drive for a 
flour mill, and one “ TL ” six-cylinder engine with belt 
drive for a salt works, all for India. Other orders include 
a “ TL ” six-cylinder engine for Mochin Pasha pumping 
station, Egypt, a Mirrlees “‘ HF ” eight-cylinder super- 
engine coupled to an 800-kW alternator for 
Gibraltar, four 100-kW generating sets with “TL” 
engines for Portugal and one Mirrlees “TL” eight- 
cylinder engine for Norway. 

Messrs. C. A. PARSONS AND COMPANY, LIMITED, 
Heaton Works, Newcastle-upon-Tyne, 6, have received 
an order to the value of about 625,000I., from the Hydro- 
Electric Power Commission of Ontario for the supply 
of a dual-frequency steam turbo-alternator. The unit, 
in the first instance, will operate as a 25-cycle machine 
with an output of 65,000-75,000 kW at a voltage of 
11,000 when running at a speed of 1,500 r.p.m. Ata 
later date, with minor alterations it will operate as a 
60-cycle machine giving 78,000-90,000 kW at 13,800 
volts and running at 1,800 r.p.m. The turbine will be 
of the two-cylinder type with double-ended low-pressure 
cylinder and will be designed for operating with steam 
at a pressure of 850 Ib. per square inch, at the stop valve 
and a temperature of 900 deg. F. The alternator will be 
hydrogen cooled. 

The British Electricity Authority, Great Portland- 
street, London, W.1, have placed contracts during the 
past month for equipment valued at 3,477,6141. in’ the 
aggregate. These include boiler-house coal-handling 
Plant for Barking “‘C” generating station, with FRASER 
AND CHALMERS ENGINEERING WORKS; 132-kV generator 
step-transformers, also for Barking “C” station, with 
HACKBRIDGE AND HEWITTIO ELECTRIC COMPANY, 
LIMITED; 66-kV switchgear extensions for Fulham 
station, with METROPOLITAN-VICKERS ELECTRICAL Com- 
PANY, LimireED; civil éngineering works, comprising 
jetty, wharf face, tunnels, seal pit and coal-plant founda- 
tions at Blackwall Point station, with PererR LIND AND 
CompPANY, LIMITED; 132-kV 2,500-MVA switchgear for 
Staythorpe substation with the GreneRaL ELECTRIC 
ComPaNy, Limirep; similar switchgear for Skelton 
Grange substation with the British THOMSON-HOUSTON 
CoMPANY, LimfreD ; and 33-kV, 6-6-kV and multi-core 
cables, for Hartshead and Ashton-under-Lyne, with W. T. 
GLOVER AND ComPANyY, LiMiTED. : 


PERSONAL. 


Mr. H.,B. Ropin RowkLl, ©.B.E., A.F,C., D.L., 
M.I.N.A., Chairman of R.' atid W. Hawthorn, Leslie and 
Company, Limited, and Mr. Henry Main, O,B.E., J.P., 


of | M.I.N.A., managing director of the Caledon Shipbuil¢ ing 


and Engineering Company, Limited, have been re-elected 
President and vice-president, respectively, of the Ship- 
building Conference, for the year 1949-50. 

Mr. Coin 8S. ANDERSON has been elected chairman of 
the General Council of British Shipping, 3-6, Bury Court, 
St. Mary Axe, London, E.C.3, in succession to Mr. E. 
AUBREY LLoyp. Sir Guy Ropner and Mr. L. ©’B. 
HaRpine have been elected joint vice-chairmen. Mr. 
C. 8. ANDERSON has also been elected President for 
1949-50, and Sim Guy Ropner, vice-president, of the 
Chamber of Shipping of the United Kingdom. 

MARSHAL OF THE Royal AIR Force LorRD Dovu tas 
or EKIRTLESIDE, G.C.B., M.C., D.F.C., has been appeinted 
chairman of the British European Airways Corporation 
in succession to Mr. G. J. R. L. D’ERLANGER, C.B.E., 
who has relinquished the position. 

Mr, R. W. RuaaG, who has been naval architect of the 
Peninsular and Oriental Steam Navigation Company, 
Limited, since 1927, has retired, and hag been succeeded 
by his assistant, Mr. G. DENHOLM, M.I.N.A. 


Mr. W. W. BaLpina, head of the Cowley, Oxford, 
Experimental Department, has been appointed experi- 
mental engineer to the Nuffield Organisation. Mr. 8. 
WEstTBY is to be standards engineer, and Mr. H. RAYNER 
will succeed Mr. Westby in the control of the Morris and 
Wolseley chassis drawing-office staff. 


Mr. A. J. K. Honeyman, B.Sc. (Glas.), A.R.T.C., 
F.I.M., formerly deputy chief metallurgist, Colvilles 
Limited, Glasgow, has been appointed chief metallurgist 
of the Steel Division of the Steel Company of Wales, 
Limited. = 


Mr. H. R. Scuorrerp, A.1E.E., transmission 
engineer, North-Western Division, British Electricity 
Authority, has been appointed transmission construction 
engineer at headquarters in London, in succession to 
Mr. J. ANDREW LEE, who relinquished the post on 
February 28. Mr. A. Hastie, M.Inst.T., has been made 

officer in the Revenue Purchasing Department 
of the Authority in London. 


Mr. Huou OC. Terr, B.Sc., A.R.O.Se., D.I.C., 
M-Inst.Pet., managing director of the Esso Development 
Company, Limited, since 1947, has been appointed general 
sales manager, Anglo-American Oil Company, Limited, 
36, Queen Anne’s-gate, London, 8.W.1. — 

Messrs. RUBERY, OWEN AND COMPANY, LIMITED, 
Darlaston, South Staffordshire, have removed | their 
London sales office to Kent House, Market-place, 
Oxford-circus, W.1. Mr. S. Gorpon SLOAN, previously 
London sales manager, has now been appointed general 
sales manager at Darlaston, and Mr. G. E. Montacug 
is the new London manager. 

Messrs. HEAD, WRIGHTSON AND COMPANY, LIMITED, 
Thornaby-on-Tees, have acquired the businesses of 
Messrs. F. J. anD L. L. DEAN, consultants in aluminium 
fabrication, Slough, Buckinghamshire ; ALDEAN DESIGNS 
Logrep, designers of aluminium structures, Slough ; 
and D. J. HAWKINS AND Sons, Lmurrep, fabricators in 
aluminium, Stoke Row, Henley, Oxfordshire. These 
businesses are being amalgamated with their subsidiary, 
HEAD WRIGHTSON LIGHT ALLOY STRUCTURES, LIMITED, 
which, in future, will be known as HEAD WRIGHTSON 
ALDEAN LmgTED, with headquarters at 61, Windsor- 
road, Slough, Buckinghamshire. 

The firm of INDUSTRIAL Propucts (SPECO) LIMITED, 
New Grove Mansions, 7, Boston Manor-road, Brentford, 
Middlesex, has been registered as a wholly-owned 
subsidiary company of the Sperry Gyroscope CoMPANY 
Luoarep, Brentford: The new company will manufac- 
ture and market, in Great Britain, the British Common- 
wealth, and some other countries, several industrial 
products, including a new range of oxygen-generating 
plant, thé licence agreements for which have recently 
been concluded with Arm Propucrs INCORPORATED, 
Emmaus, Pennsylvania, U.S.A. 

The telephone number of the Publicity Department 
of the ENcuisH ELecrric Company LimirEp, situated 
at 24-30, Gillingham-street, Westminster, London, 8.W.1, 
has been changed to VICtoria 9676. 


The firm of EaLING Park FounpDrRY, Lim1reD, Junction- 
road, South Ealing, London, W.5, is @ subsidiary of 
Quatcast, LimireD, Derby, and the name of the former 
company is now being changed to QuaLcasT (EALInG 
PARK) LIMITED. 

THe RENOLD AND COVENTRY CHAIN COMPANY, 
Liwirep, Manchester, and MOPHERSON’s LIMITED, 
Melbourne, have signed an agreement whereby plant 
for the manufacture of chains and allied products will 
be set up in Australia by a new company, RENOLD 
CHatns (AUSTRALIA) Pry., LimirED, in which the Renold 
and Coventry Chain Company will have a controlling 





interest. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—Producers continue to express satisfac- 
tion vegarding outputs from the=me!ting furnaces. In 


consumers shows no ‘itidication of weakening at present. 

Seoltish Coal.—Production at the pité-has tended to be 
slightly higher “recefitly, but ‘outp':t “remains “con 
siderably short of the target, and already a defidit on that 
basis of @bout 100,000 tons has-accumulated. An im: 
provement over last year of some 30,000 tons is accounted 
for by the increase in‘ the labour! foree ‘which is now 
83,200 as compared with 82,200. °‘ Lanarkshire outputs 
have been notably steady at about 190,000 tons a week. 
Regular working at the pits has facilitated distribution 
to consumers, most of whom have sufficient fuel for their 


receipte, although the gap is closing. The export market 
has been animated by the intimation that period con- 
tracte with various Continental countries have been 
entered into by the N.C.B., and that, where necessary, 
the Board have made some reduction in price, which is 
being regarded by some operators as the forerunner of 
more numerous changes, dependent upon open-market 
conditions. In the meantime, basic average prices. quot- 
ing areas follows : Singles, doubles, and trebles, first 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—Production has been restored to a 


and then to 7} per cent.; and, as a result'of the 
vention of thé Regional Board of Industry, 


that/staggered botied te! ein; 
shine industry are to cease on Gaturday, Marah’ 6/uteg 





appliances by 20 per cent. are expected to contitind 
‘form of saving during Mareh. Heavy steel atid’ 

ing departments are very busily employed,’ 

firms’ conitinue’to’ book new business at a° 

rate ; bit i? some instances dependence is beiig 
mainly upén old orders. Rolling milis and! fotges* ste 
receiving a more satisfactory supply of slabs*and. 

and this is gradually improving deliveries of sheets. 
bars to many consuming industries. 

‘South Yorkshire Coal Trade.—Coa] production has not 
beer quite so satisfactory though the demafd'is strong 
in all sections. Absenteeigm has been on a Nigher lével, 
Attention continues to be drawn to the inadequary df the 
} allocation of house coal, and efforts are being made to 
secure an increase in the new period commending in May, 
There is a strong demand ‘for coking coal, and*all coke- 
works are endeavouring to maintain full heats. Gas coal 
for producer plants is‘ needed in larger quantities, 
Washed and graded steams are in heavy demand, and 
locomotive hards are in request. Heavy export commiit- 
ments necessitate full dispatches to the ports; and there 
is also a strong demand for bunkers. An improved pro- 
duction of opencast coal, helped by fine weather, hag 
served to provide satisfactory supplements to mined coal. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
General Situation.—Iron and steel producers continue 
to turn out tonnages as great as conditions allow, but are 
unable to cope with customers’ requirements. The 
prospective. demand,.'both for: home purposes“and for 


grade, 5s, ; 2nd-grade, 72s. 6d.; and 3rd grade, 70s, ; shipment overseas, is much greater than can be dealt with 


and pearis, 673; 6d. ,all per ton f.0.b. at Scottish ports. 
—_—_—_ 


NOTES ‘FROM ‘THE SOUTH:WEST. 
Carpirr, Wednesday. 
The Welsh Coal Trade.— A revised scheme for improved 
training’ for fature pit managers has been approved for 
an experimental period of three. years by: the Advisory 





and | the National Goal. Board’s mining and machinery 
instruction centre.at Pengam, Mon. Stressing the need 
for a»spirit»of.craftemanship in mining personnel, Pro- 


by the’ full-capacity output of! plants. The inquifies 


circulating are-worldwide.and customers are anxious to 


place orders! for ‘delivery ‘over‘any period that can be 
guaranteéd. ‘ Localironstone-and foreign iron ores are 
needed ‘dn much larger quantities than are coming 
forward and larger supplies of blast-furnace coke would 
be welcome. Subetantial deliveries of iron and steel 
scrap are being’ taken up promptly for current needs 
and for stocking. An acute scarcity of pig-iron enforces 
strict adherence to rationing arrangements. 

‘Foundry and Basic Iron.—Foundries have a lot of 
work to exectte, but are hampered in their operations by 
inadequate supplies of blast-farnace products of the 
quality of fronithey require. ‘The shortage of ordinary 
foundry pig still delays the manéfacture of light castings 


and other commodities in»strong request for export. 


shire, said that despite the increase in mechanisation at /™2®kers'*own consuming works. 


British pits, the output per manshift had remained almost 
stationary since before the first world war. Increased 
wages tended to lower output and increase absenteeism. 
Conditions have remained difficult}en the Welsh steam- 
coal ;amarket throughout the past week. The recent 
increase: ini the demand. from’ home consumers has con- 
tinued: and 9perators have! been unable to arrange any 


The railways, in particular; have continued to make:sub- 
stantial scalls for supplies, while ) public-ntility and 
other) dmidustrial consumers are also anxious to obtain 
largesupplies. As a result, there has been little to spare 
for expett. Deliveries have been steadily: forthcoming 
under-existing allocations but shippers have been unable 
to accept further business for early delivery and prospects 
of anvearly’ improvement are extremely remote. Ship- 


Hematite, Low-Phosphorus‘and Refined Iron.—Users of 
East-Coast hematite are still: pressing persistently for 
larger supplies than the five’furnaces in blast in the 
‘Tees-side area can provide, with the result that there is 
no reduction in the*run on’ refined iron for use in the 
production of ‘high-quality ‘castings. Distributable 
parcels of Jow- and medium-phosphorus grades of iron 
are |‘ readily saccepted and voutptts of refined iron are 
moving into immediate consumption. 

Manufactured Iron and ‘Steel:—Branches of industry 
engaged in the. production of:semi-finished and finished 
iron have substantial contrattsito execute and depart- 
ments turning out steel have much more work to deal 
with than’ they can handle satisfactorily. While deli- 
veries of several descriptions ofsemi-finished steel cover 
the users” actual requirements,’ there is still a persistent 


ments! have been proceeding on.a fair scale: to Portugal | demand for larger supplies of*seme classes. Re-rollers 
and Peancepand a steady Italian teade: has been, passing. |.ere in constant need of more steel bars and small billets 


Spanish ‘buyers .are showing interest but supplies are 
scaree. Deliveries to‘ the Argentine have remained. 
abeyance. ‘Bubkers are in good request, while cokes 
patent tuelare busy and firm. 


than ‘they are receiving. “Notwithstanding record 
peutputs of finished steel, the demand far exceeds the 


‘wsupply. Some slight increase nexports can be reported 


and shipments to overseas. destinations could be greatly 


Swansea Steel-Sheet ‘Industry.—The market report }enlarged but for the fact that'licences are obtainable 


last week, business in tin-plate was quieter, not through 





issued by the Incorporated Swansea Exchange states that, ‘for onty moderate quantities amd these are mainly for 
loadings for the Dominions and countries with which 


any weakness in the demand but due to lack of supplies. | agreements have been reached. 

















NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
‘the date of the meeting. 


7, 5.30 p.m., 
) y, W.1. 
J. A. Maughan. 


Great Northern Station Hotel, 
“Act, 1047; eur” nyer dhe Aa oman. South Wales 
: | Peldiy, “Mubeh /31,°7.45%pim., South Wales 
“Wiigitieets/ Pairk pldite, Cardi. “ Porte’and 


Divutox. Pmadale? Mateb’ ’, é pan.; ‘Storey "s-gate; ‘St. 
Jamee’s Park;'S.W. 1. “Meetiiig*Wwith Internal-Combustion 


‘Group. “ Sulphér in: ag tte by Proféssor 
| F355 Mitotes fiche AA. Wisin. Centre: Thurs- 
age 10,’ Z.A5Ppin. /Wehoolot Arts, Green-lane, 

+ Infinente’of Valve Port Design on Efficiency of 
Biigihe,” Hy Mri C. B. Dickste. 

InettrOrion Or ELEcrecal ENGIEERS.—South Mid- 
land‘ Centre : ‘Mon@ay, March 7,6" ‘pm, James Watt 
Memorial Institute, “Birmiigham. “ * Vishal Methods in 
Rngineérifig "Teabhii¢,’ by Mr.“H."E. Dance. Mersey 
Centre : “Moti@ay ;Mareh 7/6:30-pim./ Royal Institution, 
Colquiteetreet, Liverpool. “"Tidhl Power and ~the 
Severn Barrage;”"by Mr. H. Headland. Measurements 
and Railio “Settiohs : “Tébsdiiy, "Mareh' 8, 5.30 p.m., 
Victoria-embankiheht, “W.0.2. t of -Q- 
Meter Methods df 'Timpedatice “Meastirement,” by Drs. 
A. J. "Biggs and’ J) Hetildin. “North Midland Ceiitre : 
"Tuesday, March 8; 630 pin. *Yotkahire Hlectricity Board, 
Market-street, Haddersfield. “Centrillised Ripple Con- 
trol on High Voltage Networks,” by Mr. T. W. ‘Ress 
and Mr. R. M. A. Smith. Supply Section: Wednesday, 
March 9, 6.30 p.m., Victori bankment, W.0.2. 
“ Design of High-Voltage Transmission Lines, ‘Especially 
in India and Pakistan,” by Mr. A. F. Coventry. Scottish 
Centre: Wednesday, March 9, 7 p.m., Heriot-Watt 
College, Edinburgh. “‘ Lightning Protection of High- 
Voltage Overhead Systems,” by Mr. H. M. Lacey. 

Junior INSTITUTION OF ENGINEERS.— North-Western 
Section: Monday, March 7, 7 pim.,'16, St. Mary’s 
Parsonage, Manchester. ‘“‘ Production of Alkyds for 
Bilectrical Industry,” by Mr. A. Dunton’and Mr. H.R. 
Hampson. Institution: Friday, March 11, 6.30 pm., 
39, Victoria-street, S.W.1. “* Pewer Plant Controls,” by 
Mr. 8S. J. Clifton. 

INSTITUTION OF PRODUCTION ENGINEERS.— Yorkshire 
Section: Monday, March 7, 7 p.m., Hotel Metropole, 
Leeds. Annual Meeting. Film on “‘ Mecha: ical Hand- 
ling.” Western Section : Wednesday, March 9, 7.15 p.m., 
Grand Hotel, Bristol. “‘The Metallurgist’s Place in 
Production Engineering,” by Mr. E. R: Gadd. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, March 8, 
5.30 p.m., Great George-street; S.W.1. “‘ Compressed*Air 
Caisson Foundations,” by Mr. W. Storey Wilson” and 
Mr. F. W. Sully. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Mareh 8, 
5.30 p.m., 85, Minories, E.C.3. “Trends in the Devélép- 
ment in Marine Reduction Gearing,” by Mr. A. W. Davis. ° 
INSTITUTION OF OBEMICAL ENGINEERS.—Tuesday, 
Marth 8, 5.30 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. Papers on “ Application and Production 
of Vacuum to Industrial Chemical Processes,” by Mr. 
J. Leyland and Mr. G. Arrowsmith. 

ILLUMINATING ENGINEERING Socrery.—Tucesday, 
March 8, 6 p.m., 2, Savoy-hill, W.C.2. “ Colour of 
Fluorescent Lamps,”’ by Mr. W. Harrison. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCoTLAND.—Tuesday, Match 8, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow. “‘ Induction Heating,” by Mr. T.-G. 
‘Tanner. 

Newcomen Socrery.— Wednesday, March 9, 5.30 p.m., 
Institation of Civil Engineers, Great George-street, 8.W.1. 
“Colliery ‘Tramroads 2 Northumberland,” by Mn 
Chas. E. Lee. 

INSTITUTE OF ‘WELDING and INSTITUTION or STRUC- 
TURAL ENGINERRS.—Thuteday, March 10, 6 p.m., 11, 
Upper Belgrave-street, S.W.1. ““Welded) Steel Framed 
Buildings,” by Mr. J. T. Phillips and Mr. F. J. Daniels. 

Norta-East Coast INSTITUTION OF ENGINEERS AND 
Surpsviprrs«—Friday, Maroh 11, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. “™ Cavitation of Screw 
Propellers,” by Mr. R. W. L. Gawn. 
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CRANKSHAFT DAMPING. 


Noumenovus demonstrations of the consequences of 
torsional vibration of the crankshaft of, say, internal- 
combustion engines, show that practical importance 
attaches to the inherent damping of such mech- 
anisms. The damping may arise from various 
causes: internal friction in the material and 
structure of the engine, friction at the bearings, 
due to shock or impact at mechanical joints, and to 
air resistance on the flywheel, airscrew, or similar 
rotating part. For any crank-angle, the disturbing 
force varies in a complicated manner, since it depends 
on the pressure of the working fluid in the cylinder 
and on the inertia effects of the reciprocating and 
rotating parts. Further, theory indicates and 
experience confirms that, in general, a crankshaft 
executes a combination of torsional and flexural 
vibration ; so that, for an engine of given size and 
type, the number of main bearings also is a contri- 
butory factor. Thus the matter touches several 
details of design, especially in the case of high-speed 
engines, where the choice of materials and the pro- 
blem of lubrication often require special considera- 
tion. In view of the limited experimental data on 
the subject, many engineers will peruse with 
interest the paper on “Crankshaft Damping,” 
presented by Dr. P. Draminsky, before the Insti- 
tution of Mechanical Engineers, on February 25. 
Dr. Draminsky discussed the phenomenon under 
two sub-headings, namely, hysteresis or internal 
damping in the metal, and oil damping in the main 
ings. The major value of the author’s results 
lies in the distribution of damping losses among the 
contributory factors, and, to appreciate the practical 
significance of them, it is desirable at the outset to 
compare the experimental apparatus with an actual 
engine. The tests were conducted on a single- 
cylinder two-stroke compression-ignition oil engine, 
with a cylinder diameter of 8-66 in. and stroke of 
14-57 in. The crankshaft, 5-91 in. in diameter, 
fitted with main bearings 4-72 in. in length, was 


natural frequency of torsional vibration approxi- 
mated to that commonly found with a multi- 
cylinder engine of similar bore and stroke, the 
material of the intermediate shaft being the same 
as that usually employed for crankshafts. To 
determine the internal friction in the shaft and the 


a¥ oil damping in the main bearings separately, the 
200 | engine was run without its piston and connecting 


rod, necessitating the provision of an electric motor 
for driving the shaft and also devices for supplying 
the exciting impulses. These impulses were gener- 
ated by a “ pulsator,” consisting of a cam disc 
actuating two spring-loaded rollers, placed close to 
the engine, the shape of the cam being such that 


203 | the reaction from the rollers resulted in a sinusoidal 


torsional impulse of six cycles frequency per shaft 
revolution, without causing any transverse force 
on the shaft. 

Measurement of the internal friction was per- 
formed by running the engine slowly through the 
critical speed of the shaft, corresponding to a natural 
frequency of 2,130 cycles per minute, with counter- 
weights fitted to the crank-webs, but without the 
piston and connecting rod. The results indicate 
that the proportion of damping from this cause was 
constant and equal to.0-40 per cent. for stresses 
between the limits of zero and + 20,000 lb. per 
square inch. Following an increase in the stress, 
due to vibration from the pulsator, up to + 22,000 Ib. 
per square inch, the damping losses increased 
sharply, and the amount of heat developed became 
very noticeable along the entire length of the shaft. 
This result differs in important particulars from the 
conclusions of several other investigators in this 
country and abroad. It is, indeed, rather surprising, 
and the question arises: to what extent do the 
data relate to internal damping in the crankshaft 
of an engine ? From Dr. Draminsky’s remark that 
“the hysteresis loss occurred almost exclusively in 
the intermediate shaft,” it would seem that the 
data relate largely to the intermediate shaft, and 
not to the crankshaft iteelf. 

From this point of view, the arrangement of the 
work leaves something to be desired, for a number 
of reasons. Internal friction is a function of the 
velocity of shift of the particles, and, at the present 
time, very little is known about the nature of this 
function and how it is influenced by the shape and 
duration of the pulse, and by the magnitude of the 
relevant stress. The behaviour of particular crank- 
shafts suggests that, during certain stages of a 
prolonged test, the force of internal friction some- 
what resembles the force of friction between two 
dry solids, whereas, in other cases, the disturbed 
motion indicates a different law of resistance to the 
shift of the particles. This characteristic of solids 
is of increasing importance to the metallurgist in 
the examination of a structural member by non- 
destructive methods of testing, and in the search for 
the interrelations between viscosity, elastic after- 
working, plasticity and fatigue, which together indi- 
cate hysteresis in metals. It also enters into the 
study of the physical properties of rocks for seismo- 
logical purposes, from which the engineering student 
may acquire useful information on the application 
under consideration, for it so- happens that the 
observed coefficient of internal friction of metals is 
of the same order of magnitude as the computed 
coefficient for the surface layers of the earth, namely, 
10® poises. Further, internal friction may operate 
in the absence of deflection, in the ordinary sense 
of that term ; for example, the transmission of an 
extensional pulse of stress of the damped type does 
not necessarily involve any appreciable transverse 
deflection of the structural member under load. 
In the special case of, say, a shell piercing armour 
plate, internal friction of the metal plays an impor- 
tant part in the chain of events, which may or may 
not include any sensible amount of vibration. 
These considerations, coupled with the circumstance 
that the propagation of stress in a circular shaft of 
uniform diameter is, strictly speaking, free from the 
phenomenon of dispersion, one of the factors in the 
dissipation of energy, emphasise the need for further 
research into the problem of internal friction, and 
suggest possible limitations to the experimental 
data when applied to the crankshaft of a multi- 





connected to a flywheel by an intermediate shaft, 





4-96 in. in diameter and 13 ft. 9 in. long, so that the 





cylinder engine. The author’s calculations, how- 
ever, are made on the assumption that there is a 
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direct relation between the amount of deflection and 
‘the, amount of internal ‘friction. ‘This assumption 
is enough to account for the observed 
differencve between his results and those which nies 
be expected of other investigations. 

A series of measurements of oil'damping in the 
main bearings were carried out by varying the clear- 
ances, the lengths, and the arrangement of the oil 
grooves. In this part of the work, the crank-web | 
counterweights were removed and tests were 
performed both with the naked crankshaft, and 
with a dummy weight fixed tightly to the crankshaft 
for the purpose of simulating the reciprocating 
and rotating masses of the ee pee Semone 
rod. In the first series, the measurements show 
that the damping loss increased proportionally with 
the clearance. In the second series, the measure- 
ments indicated no appreciable change of damping 
when the length of bearing was gradually reduced 
from 4-72 in. to 3- +45 in., 2-36 in., and 1-57in. In 
the third series, the measurements showed that the 
damping loss was about the same for normal bearings 
without oil grooves of any kind, for bearings having 
@ circumferential groove at mid-length, and for 
‘bearings having a circumferential groove at mid- 
length feeding six axial--grooves, though the loss 
tended to slightly greater vale for the’ bearings 
with oil grooves. It is of practical importance to 
note that the engine was not operating under power, 
when- the variation of; pressure on the’ bearings 
would be influeneed: by the shape of the indicator 
diag: am, corrected for inertia effects of the mechan- 
ism, since the author found from comparison of the 
results that bearing damping was approximately 
proportional to the - unbalanced masses. ‘The 
expression for the curves of total damping contains 
-® constant: term, consisting of 0-4 per eent. for 
hysteresis, and an estimated figure of 0-3 per cent. 
for foundation damping ; the comparatively large 
value of the latter figure is attributed to the large 
‘free forces associated with a single-cylinder engine. 
In multi-cylinder engines, the author continues, the 
foundation losses will usually be-smaller, but a 
decision on this point can hardly be arrived at. with- 
out regard to. the nature of the sub-soil in the case 
of land installations, as may: be demonstrated by 
comparison of damping with foundations on rock and 
on made-up. ground. 

Dr. Draminsky’s conclusions as to the distribution 
of losses constitute a perfectly legitimate expression 
of opinion, but the implied assumptions render the 
task of generalising the data a matter of some 
complexity, owing to the form of the apparatus and 
the wide variety of engines. met with in practice. 
By way of illustrating the point, attention may be 
drawn to the experiments of Professor J. L.: Mansa, 
which were referred to in ENGENEERING, vol. 137, 
page 529 (1934), in the review of his book on the sub. 
ject. The experimental analysis of the torsional 
vibration of an aero-engine cranksh?ft was carried 
out on a 185-h.p. six-cylinder in-line engine operating 
on the four-stroke cycle with a rated speed of 1,410 
r.p.m. In this case, power was taken by an air pro- 
peller-br ke directly coupled to the engine she ft, and 
the usual provision was made for indicating the cylin- 
ders and measuring the lubricating-oil temperature. 
Of the total damping present during a complete 
cycle, only 2 or 3 per cent. was due to the propeller, 
and a like amount to shock or impact at Kins gran 
, joints. A larger proportion, some 17 per cent., 
accounted for by internal friction in the sintcciale 
and structure of the engine. The remainder was 
attributed to friction between the moving parts 
of the system, and it is particularly noteworthy 
that this—the principal source of damping—was 
markedly affected by the viscosity of the lubricating 
oil, an augmented- damping factor being. observed 
when a change was made to oil of higher viscosity. 
This distribution of losses differs materially from 
that given in the paper, and the available informa- 
tion on the subject does not furnish sufficient 
evidence to support the view that the want of general 
agreement is due only to the difference in size and 
type of the engines concerned. The reason is 
most probably bound up in some way with the fact 


that the tests were carried out with an engine |gineers, Municipal 
Institute and Institute of Welding are represented, 


operating under working conditions in one case, 


STEEL ‘ECONOMY 
CAMPAIGN. 


Onx of the few ‘ features about the 
present industrial position is that. the output of steel 
his exceeding .all ,prewiously established 
Nevertheless, the: demand, is still. greater than: the 
supply. If, therefore, the progress of these.industries | the 

which depend on the. avai of. steel is not to 
‘be retarded, production must be -still’ further ‘in- 
creased and steps must be taken to see that every 
ton which is turned out is utilised with the greatest 
possible economy and efficiency. The, problem of 
providing increased furnace : capacity,..and thus 
higher production, is, of course, being tackled ;).and 
has been..at least: partly..solved, in. spite .of: the 
political clouds which now threaten’ the industry. 
It remains to be discovered how such steel supplies 
as are available can best: be utilised. In other 
words, the onus now rests less on the producer. than 
on, the, consumer,..who is. thus faced .with..a-task 
which will require a good deal of consideration and 
the exercise of not.a little skill and ingenuity. 

An outline of the methods by which this skill and 
ingenuity can be applied is given in the ‘interim 
report of the Steel Economy Committee, which was 
laid before ,a. Press conference on Thursday, Febru- 
ary, 24, by the Minister of Works, (the. Rt., Hon. 
C. W. Key) and the Joint, Parliamentary: 
to the Ministry of: Supply (Mr..J. H.. Jones). «This 
Committee, appointed two years ago, have since 
then reviewed. the economies that might be made 
in the use of steel in building construction and in 
certain branches of engineering. As regards the 
former, certain recommendations have been made. 
These are based on the recent British Standard 
Specification (B.S. 449: 1948), which covers the 
use Of structural steelwork in building and on the 
Code of Practice for reinforced concrete in buildings 
(C.P. 114: 1948). The specification increases the 
basic permissible stress from 8 to 9 tens per square 
inch and the flexural stress._to 10 tons per square 
inch so that it should ensure economy in the use 
of steel by permitting a reduction. in. the- amount 
employed. To ensure that this reduction shall 
actually. be attained, all future construction incor- 
porating: more than 25 tons of steel, and licensed 
by the Ministry of Works, will be required to comply 
with the. specification. Local. authorities. are. also 
being asked to fall into line, while.regional officers 
are being instructed that applicants for building 
licences must likewise.comply. 

The hope is also expressed that the new specifica- 
tion ard the .assocmted codes of practice will be 
used: for other purposes, such as. the. construction 
of boiler-house plant, pithead gear for collieries and 
mechanical-handling equipment. In fact, meetings 
with a number of interested bodies have: been held 
already to ascertain to what extent it can be applied 
to obtain an. all-round improvement over current 
practice. The possibilities. of using .welding, high- 
tensile steel and reinforced concrete as aids to steel 
economy have also been examined. The changes 
which will be necessary as a result are clearly so 
fundamental that itis not. surprising to learn that 
the. discussions led to: the conclusion that a. wide- 

spread educational campaign would have to be 
inaugurated among consulting engineers and manu- 

facturing firms, not to speak of their clients, if the 
ne a deranmie i ste better design were 
to be secured. 

These desiderata, it is thought, can best be 
obtained by enlisting the aid of the professional 
institutions to educate all concerned in the economic 
necessity of making the fullest use of the researches 
conducted by the steel industry and to give practical 
effect. to the metallurgical advances that have been 
made by applying up-to-date technique in designs 
The Minister of Works, accordingly, has recently 
appointed .a Professional Institutions Committee 
on Improved Methods of Steel Construction under 
the chairmanship of Mr. David Anderson. This 
Committee, on whieh the Institutions of Civil 
Engineers, Mechanical Engineers, Structural En- 
ineers and the Iron and Steel 





and, in the other, with apparatus that. differed 
appreciably from the mechanism of an actual engine. 


is required ‘“‘ to organise, through professional insti- 


economy with a view to exercising the economies to 
be derived from;high performance specification: and 
more scientifio- methods of’ design ; and to arr: ange 
publicity. to give effect. to these economy measures,” 

(who, as.a class, are not greatly addicted 
to wasting steel) will wish them ‘success in what is 


records. | obviously not an easy task. 


Increasing the stresses allowed, and thus reducing 
the weight required’ for any given’ purpose, how. 
ever,-is only one way of steel. 
Another method, to which a section of the report is 
devoted, is the wider employment of welding. In 
fact, the savings possible by the. utilisation of this 
method of connection are impressive, as is indicated 
by some’ figures recently published by the Institute 
of Welding. These show that about 14 to 16 per 
cent. in weight of steel canbe saved in building 
constructiom.and as much as 23.t0 25 per cent. in 
water-tube boilers, to take only two examples, 
Moreover, in» appropriate cireumstances welded 
assemblies. can’ be used in place of cast iron and 
result in savings as high as 40 per cent. It is clear, 
therefore, that welding can play a most useful part 
in economising stee] resources. It is possible, 
moreover, that its employment will enable new 
forms of construction to be evolved and more 
scientific methods of design to be devised. The 
Committee have devoted considerable study also to 
the possibility of making more use of high-tensile 
steel, as in this way not only can savings of between 
15 and 25 per cent. be obtained, but there is also 
an appreciable reduction in cost. This is the class 
of steel which was successfully used in the manu- 
facture of the components of the Bailey bridges ; 
and it is felt that it could now be employed more 
extensively for such purposes as crane construction 
and on railway rolling stock.and heavy commercial 
vehicles with a resulting improvement in efficiency 
and reduction in operating costs. Another possi- 
bility that was: brought. under review was the use 
of light-gauge sheet steel for the production of cold- 
rolled sections. This would enable economies in 
weight of between 30 and 50 per cent. 40 be obtained, 
as compared with hot-rolled sections. It is therefore 
suggested that, although the supply position is 
difficult, manufacturers of cold-rolled sections should 
be authorised to manufacture reasonable quantities 
of their product for stock from which deliveries 
could be made to replace the heavier sections. The 
Ministry are also initiating the production of suitable 
prototypes in which cold-rolled steel sections are 
being used for the constzuction of beams, rafters and 
roof trusses. 

The possibilities of securing economies in rein- 
foreed: concrete by the use of high-tensile instead 
of mild-steel rods were also examined, as were the 
materials and methods used for shuttering, since 
these at present often limit .the use of concrete 
construction. As in the other eases, the employ- 
ment of high-tensile steel for reinforcement. would 
lead to a reduction in weight and is certainly worth 
considering, since the normal annual consumption 
ef reinforcing bars is about 200,000 tons. The 
importance of pre-stressed concrete from the point 
of view of steel economy is another matter that is 
emphasised. As is well known, the manufacture 
of this material is based upon the use of high-tensile 
steel wires with an ultimate breaking strength of 
from 100 to 140 tons per square inch and varying 
from No. 16 to No. 6 gauge. Again, however, 
supply is. at present difficult, although as regards 
the smaller-gauge wires employed in building con- 
struction the position has been eased by modifying 
the specification. As regards the larger gauges the 
demand is still likely greatly to exceed the supply, 
although it is satisfactory to be able to report that 
sufficient will be available during the next twelve 
months to enable any anticipated full-scale develop- 


_ | ment to be carried out. 


The Committee have therefore provided the steel 
user with plenty of material for. consideration, dis- 
cussion and action. It is»to be hoped | that the 
necessary work will be taken up energetically, in 
order that the immediate aims of the campaign may 
be realised without delay. From the long term view- 
point, however, investigations of this’ kind are. im- 
portant, as they may result in fundamental changes 
in present practice which will lead .to far-reaching 





tutions, technical papers and discussions on. steel 


economies in the future. 
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NOTES. 


Tue GrovocicaL Survey. 
In his presidential 
of the British - Association at the 1947 meeting, 
Dr. M. »Mecgregor suggested that. at, least one 
trained full-time geologist should be assigned to 
each major co.lfield in Great Britain. Some parti- 
oulars of his proposal will be found in an article on 
page 374 of our issue of October 17, 1947. The 
aah Bg Survey Board for the Year 
1947 (H.M. Stationery Office; price 6d. net), 
which was not published until the early part of this 
year, indicates that at least one step towards this 
end has been taken, Mr. J. K. Allan,. principal 
S ppointanent Ya abe gp ths post thiol cool 
is Appointment to take up t tt of chi i 
to the National Coal Bored. The ont of 
coal resources now forms an jmportant, part of the 
work of the Survey, and has taken precedence over 
field work in non areas. In conjunction 
with the National Coal Board and the Director- 
ate ‘of neast (Coal Production, short-term 
problems have been studied and far-reaching 
schemes are being Propanyd for all the major coal- 
fields. In the Bristol and Somerset areas, the 
primary six-inch mapping was nearly completed 
during the year, but it is stated that, in South Wales, 
although substantial progress has been made, 
“gome considerable time must elapse . . . before 
the geological information ing this large 
coalfield js on a satisfactory basis.” Map revision 
in Yorkshire, Nottinghamshire and Derbyshire 
has been undertaken and a memoir prepared on the 
concealed coalfield in this area. Re-surveys in the 
Burnley area have indicated several additional 
deposits of opencast coal, one of which is expected 
to yield nearly a million tons. Various re-surveys 
were carried out in Scotland, work which has been 
in abeyance since 1938 being restarted on the 
important Midlothian coalfield. The Geological 
Survey has assumed responsibility for geological 
work in Northern Ireland, where the six-inch 
primary survey was completed in 1887; but little 
revision had been undertaken since that time. A 
district office hasbeen established in Belfast. 
Some work has been done already in connection 
with coal resources. There is a small exposed 
epalfield at Coalisland, which was extensively 
worked in the past, but was abandoned more 
than 100 years ago. The strata mapped as Middle 
Coal Measures appears to be over 1,000 ft. thick 
and to contain about twelve seams of coal varying 
in thickness from two to nine feet. Mining was 
begun on the eastern part of this field in 1924, 
two ,1,000-ft. shafts being sunk, but operations 
ceased in 1927; one of the important tasks of the 
immediate future is to prove the existence, or 
otherwise, of a concealed coalfield to the east of 
Coalisland. Although the investigation of coal- 
bearing areas has become such an important part 
of the work of the Survey, there are other fields 
in which new demands are being made for its 
services. These relate to water supply, town 
planning and hydro-electric schemes. Under the 
Water Act of 1945, notification of all new borings 
and shaft sinkings has to be made to the Ministry 
of Health. The information furnished by these 
returns, in conjunction with hydrogeological 
researches, has enabled the Survey. to define areas 
in which over-pumping has taken place or is 
imminent. It is felt that collection and correlation 
of information in this way may help to compensate 
for the lack of observation wells strategically 
situated for the continuous or regular measurement 
of the fluctuation of water level in the more 
important water-bearing beds. 


Awwuat Dinner OF THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 


The annual dinner of the Institution of Electrical 
Engineers was held at the Connaught Rooms, 
London, W.C.2, on Thursday, February 24. The 

ident (Mr. T.,G. N. Haldane) occupied the chair 
and over 500 members and guests were present. 
The toast of “The Institution of Electrical Engi- 
neers” was proposed by Mr. Justice Birkett, who, 
at short notice, took the place of the Lord Chancellor 


to the Geology Section’ 


(the Rt. Hon. Viscount Jowitt). He said that the 
Institution was the largest professional engineering 
institution in the world. , Mere. size, however,.did 
not carry, much weight, and in the final result the 
slg han aly ae be placed on prestige. In 
turn, this prestige, depended in the long run upon 
the service, the Institution, could render to, the 
community at large. .He wished it continued pros- 
perity,.in the important work it.was doing. The 
President, in reply, said that the ultimate value of 
the achievements in the, field of. applied science 
was being challenged and that challenge could not 
be answered effectively unless it was. realised that 
those achievements were a means to a higher end 
and not an end in themselves. A body such as the 
Institution could never rest or stand still. Indeed, 
it had been growing at an increasing rate, both in 
size and in the scope of its activities. At the 
present time, the membership was over 34,000 and 
represented virtually the whole of the professional 
electrical engineers in the country. It also took 
action in the interests of those who.did not aspire 
to professional status but who were, nevertheless, 
of vital importance to the industry. As was shown 
by the latest Wireless Telegraphy Bill, the interests 
of the public had not been neglected; and, in 
conjunction with the two great. sister, Institutions, 
close contacts were being established with the 
Commonwealth, the United States of America, 
and the countries of Western Europe. , The, toast 
of “‘ Our Guests ” was proposed by Mr. Perey Good 
and responded to by Admiral of the Fleet Sir John 
H. D. Cunningham, who referred to the particular 
benefits conferred by members of the Institution on 
the defence services of the Empire. The enemy 
considered that he had weapons to which there was 
no answer. However, answers to all of them were 
not only found, but devices were invented to which 
the enemy, in turn, could make no.reply. The recent 
creation of an Electrical Branch was an illustration 
of the importance attached to that branch of 
science by the Navy, as was the appointment of an 
Admiral to organise that branch. In this work he 
would, no doubt, have the co-operation and advice 
of the Institution. 


ComBusTIon In SPARK-IGNITION AND COMPRESSION- 
IanITION ENGINES. 

The first two lectures of a course of four on 
“Combustion in Spark-ignition and Compression- 
ignition Engines ” were delivered at University Col- 
lege, London, on Monday and Tuesday, February 21 
and 22. The lectures are being addressed to students 
of the University and to others interested in the 
subject, and are being given by Professor Ir. J. J. 
Broeze, Professor of Combustion Motors in the 
University of Delft, who is in charge of the Shell 
Research Laboratories in Holland. The first lecture 
dealt with the Theory of Combustion and Professor 
Breeze introduced the subject by saying that he 
thought it was easier to translate chemical matters 
into terms understood by engineers than the other 
way round. He then referred to the importance of 
development engineers being right in the first 
instance ; once an engine had been designed and 
was in production, it was difficult indeed to make 
alterations and sometimes mistakes had to be per- 
petuated. With regard to the future, he felt 
convinced that there will be further development of 
the piston engine, much remaining which required 
investigation. After showing that the theoretical 
pressure diagram was not applicable to a practical 
engine, Professor Broeze explained the laws of the 
various forms of combustion, namely, explosive, 
simultaneous, progressive explosion and diffusive 
combustion. The second lecture was on the 
subject of combustion in the spark-ignition engine. 
Professor Broeze referred first to the influence of 
mixture strength on normal combustion velocity 
and showed, that the maximum speed occurred with 
a mixture slightly richer than the  theoretically- 
correct mixture; variation of temperature also 
had an effect on normal combustion velocity. Inan 


7 


engine, however, flame propagation took place in a 
turbulent mixture, a subject about which little was 
known ; but a series of experiments carried out into 
the delay and combustion time in spark-ignition 
engines showed that swirl gave an appreciable 
improvement so far as delay was concerned and 





turbulence also helped, but the improvement was 
not.so marked. Professor Broeze concluded his 


lecture by referring to pilot ignition, investigations 


into .which .had given promising results. The 
remaining two lectures. will be given on March 7 and 
9, at 5.30 p.m.,..when the subjects will be -“ Com- 
bustion in the Oompression-ignition Engine” and 
the ‘‘ Chemical Effects in : Internal-combustion 
Engines,”. respectively. 


OpticaL TECHNIQUES IN METALLURGICAL 
PY. 

With the object of encouraging the application 
of new optical techniques in metallurgical research, 
the British Iron and Steel Research Association 
have decided to hold a conference on the subject 
at. Ashorne Hill, Leamington Spa, on May 9 and 10. 
The general chairman will be Mr. E. W. Colbeck, 
of Hadfields Limited, Sheffield, and the techniques 
to be discussed are phase-contrast microscopy, the 
multiple-beam interference technique and the reflect- 
ing microscope. . Of these three techniques, appar- 
atus for the first two are commercially available, 
and equipment for the third is being developed 
with the aid of a Nuffield grant. ,The phase- 
contrast microscope, largely developed by Dr. C. R. 
Burch, F.R.S., at Bristol University, is being used 
in biological work in which the light is transmitted 
through the specimens. It has been adapted for 
metallurgical work, where, of course, a reflection 
technique must be employed, and by its use greatly 
increased contrast may be obtained to accentuate 
very small differences in structure. The multiple- 
beam interference technique has been developed by 
Professor 8. Tolansky at the University, of Man- 
chester and the Royal Holloway College. This. is 
essentially a research technique for studying surface 
topography and, by means of magnification in 
depth, it enables height changes of the order of 
20 to 40 Angstrém ‘units to be estimated. The 
third technique, the Burch reflecting microscope, 
has also been developed at Bristol University and, 
with the aid of a Nuffield grant, ten instruments 
are being manufactured to enable extensive experi- 
ments to be made. One of the advantages of this 
technique is that specimens can be ex»mined from 
@ greater distance than has been possible hitherto. 
Thus, test pieces may be examined under particular 
conditions, for example, while they are maintained 
at high temperatures. In this connection, Dr. 
Bouwers is coming to the conference from Holland 
to explain and discuss his modifications to the instru- 
ment which are available commercially. At the 
conference the practical and theoretical aspects of 
the three techniques will be discussed and frequent 
demonstrations will take place. Applications to 
attend and requests for accommodation at Ashorne 
Hill should be addressed to the Metall Division 
B.1.S.R.A., 11, Park-lane, London, W.1. 


Atomic EnerGy CHEMICAL DEVELOPMENTS. 


A conference on chemical developments in the 
field of atomic energy, arranged by the . Atomic 
Energy Research Establishment of the Ministry..of 
Supply in conjunction with the Chemical Society,.is 
to be held from March 28 to 30, in Oxford, and on 
April 1, in London. The three main objects of the 
conference are, firstly, to enable universities, re- 
search associations, and industrial and Government 
laboratories to become acquainted with some of the 
chemical developments in the realm of atomic 
energy and the manner in which redio-chemical 
and similar techniques can help them in their 
investigations. The second object is to discuss 
recent developments in chemistry brought about 
by the use of radioactive tracer elements ; and, in 
the third place, the conference will provide an 
opportunity for discussion between investigators 
in. the field of research on.atomic energy. ‘The 
conference will be attended by Fellows of the 
Chemical Society, members of the scientific staff 
of the Atomic Energy Research Establishment, and 
by representatives of scientific institutions invited 
by the Ministry of Supply. The scientists attending 
the conference from abroad, it is expected, will 
include. Professors R..E. Connick and.J. W. Irvine, 
and Drs. G. Wilkinson and H. A. Wilhelm, from the 
United States; Drs. G. Bouissiéres, J. Gueron, 
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had little effect on combustion time. 
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Drs. L. Yasse and R. H. Betts, from Canada ; | watertight and he had been able to use it as a base 
Professor O. Hahn and Dr. F. Strassmann, from /| for the stanchions of the steel frame for the nw| LETTERS TO THE EDITOR. 
Germany ; Professor G. Hevesy from Denmark ;| building. The purely structural work had presented 
and Messrs. K. E. Zuimen, H. Hillert, G. Johannson, | little technical difficulty, but no fewer than 16 major 


. EB. Berne and R. Lidner, from Sweden. Seven 
sessions will be held from Monday, March 28, until 
Wednesday, March 30, at Rhodes House, South 
Parks-road, Oxford. Five sessions will deal with 
the “‘ Chemistry of the Heavy Elements,” and two 
with “‘ Radioactive Tracers,” one of these consider- 
ing “‘ Preparation” and the other “Nuclear As- 
pects.” Thursday, March 31, will be devoted to the 
annual general meeting of the Chemical Society, at 
Burlington House, London, W.1. The last two 
sessions of the conference will be held at the Institu- 
tion of Civil Engineers, Great George-street, London, 

' §.W.1, on the morning and afternoon of Friday, 
April 1. The subject for discussior at both these 
sessions will be ‘‘ The Use of Radioactive Tracers in 
Chemistry.” Further information regarding the 

. conference may be obtained from the Information 
Division, Ministry of Supply, Shell-Mex House, 
Strand, London, W.C.2. 


Tue Ipgat Home Exursirion. 

The 26th “ Daily Mail” Ideal H Exhibition 
was opened at Olympia, London, W.14, on Tuesday, 
“ March 1; it will remain open daily between 9.30 
a.m. and 9.30 p.m., excepting on Sundays, until 
Saturday, March 26. There are nearly 600 exhi- 
bitors, whose stands display a wide range of equip- 
_ ment concerned with the building ishi 
of houses and with the easing of do: 
- Some half-dozen permanent-type dwe , includ- 
ing a three-storey terrace-block exhibited by the 
Ministry of Health, have also been erected, and 
show, in & manner which must be tantalising to 
many, how pleasant it is to plan when unencum- 
bered by restrictions or by unwanted legacies from 
the past. Refrigerators, and television and radio 
equipment, are conspicuous. Various demonstra- 
tions arranged by the Ministry of Food, and the 
displays by the Coal Utilisation Joint Couneil, add 
to the general emphasis which is placed upon the 
conservation of heat and the wise use of fuel and 
electrical power. The Electrical Development Asso- 
ciation exhibit an interesting series of rooms demon- 
strating the stages by which an old-fashioned type 
of kitchen can be converted to incorporate some of 
the latest improvements and household appliances. 
The Royal Air Force exhibit includes a sectionalised 
full-scale model of the ‘“‘Mamba” gas-turbine pro- 
peller aircraft-engine, described in ENGINEERING, 
vol. 165, page 583 (1948), and an aircraft model 
which can be controlled by an operator seated in a 
pilot’s cockpit. Other items of a direct engineering 
interest are the scale models of various types of 
railway wagon, and of a Diesel-electric locomotive, 
exhibited by British Railways. A working model 
of a steelworks is shown by the British Iron and 
Steel Federation ; it covers an area nearly the size 
of a tennis court and is laid out to indicate all the 
important processes involved in the manufacture of 
steel and of its associated by-products. There is 
also a model of the Cunard White-Star liner Caronia, 

with full-sized replicas of typical cabins. 


tic duties. 


Tue New Hovsz or Commons. 

At the ordinary meeting of the Institution of 
Structural Engineers, which was held in London on 
February 24, Dr. Oscar Faber, O.B.E., a past- 
president of the Institution, read a paper on “ The 
Construction of the New House of Commons.” 
Among the visitors present were Sir Giles Gilbert 
Scott, R.A., architect for the new building, and 
Sir Charles Mole, M.V.O., the Director of Works, 
with whom Dr. Faber is collaborating as consultant 
for the structural work and the engineering services. 
After outlining the history of the earlier House of 
Commons, which was damaged by fire in 1512 and 
completely burned out in 1834, Dr. Faber paid 
tribute to the excellent work done by Sir Charles 
Barry and his colleagues in the construction of the 
subsequent House, destroyed by a heavy bomb on 
May 10, 1941. He mentioned particularly the raft of 
lime concrete, 5 ft. thick, which formed the founda- 
tion on a layer of water-bearing sand, about 20 ft. 
thick, above the blue clay ; though the top of the 
concrete foundation was some 10 ft. below normal 


underpinning operations had been necessary for the 
preservation of the adjacent buildings and towers 
in the Palace of Westminster. The accommodation 
of the House had been greatly increased by using the 
space below and above the chamber to provide 
three floors of secretarial offices and reading rooms ; 
but his own principal interest on the engineering 
side had been the problem of heating, cooling and 
air conditioning. The old complaint of “ hot 
heads and cold feet” had been the subject of 
innumerable Select Committees’ and engineers’ 
reports for 50 years and more, and the argument 
might have continued indefinitely had not Hitler 
provided the »pportunity for a radical solution. 
In the new ventilating system, the fresh air would be 
introduced below the galleries instead of through 
the floor and, though it would eventually be 
exhausted through the roof of the chamber, the 
principal air currents would be horizontal rather 
than vertical. There would be eight air-conditioning 
plants, providing in all 8} changes of air hourly. 
The air would flow alternately from one side and the 
other. A manual control would supplement the 
automatic control, to meet rapid changes in the 
number of persons in the House, and the engineer 
on duty in the control room in the basement would 
be able to watch the proceedings through a periscope 
in the roof. The functioning of the new ventilating 
system had been fully investigated at the National 
Physical Laboratory on a model of the chamber, 
and tests had also been made on a full-scale model 
of a section of the chamber; but the chamber was 
only part of the problem, for the scheme of ventila- 
tion also included the lobbies and committee rooms, 
and the suites provided for the reporters and for the 
Clerk of the House. Independent control would be 
provided for the eight independently-sontrolled air- 
conditioning plants, the operation of which would 
absorb about 100 h.p. After a vote of thanks had 
been accorded to Dr. Faber, Sir Giles Gilbert Scott 
referred to his friendly collaboration with the 
lecturer in an enterprise which, he said, had been 
at once the most interesting and the most exacting 
in his long professional experience. He mentioned 
that the equipment included electrically-operated 
sun blinds, and a system of sound amplification 
which would provide a loud speaker between every 
two members. 
THE CorNisH ENGINE. 

A film of unusual engineering and historical 
interest was shown in London to an invited company 
of guests by the Shell Petroleum Company, Limited, 
on February 24, and, almost concurrently, to a 
meeting in California of the American Institute of 
Mining and Metallurgical Engineers. It was 
entitled “The Cornish Engine: a Chapter in the 
History of Steam Power,” and was exhibited in 
London in the assembly hall of the Royal Empire 
Society, Craven-street, W.C.2. It was introduced 
by Mr. E. J. Sturgess, chief engineer of the Shell 
Petroleum Company, who explained that it had been 
made by the Shell Film Unit in collaboration with 
the Cornish Engines Preservation Society, the 
Newcomen Society, and the staffs of the various 
Cornish mines concerned, to provide for posterity a 
record of the sight and sound of some of the few 
Cornish engines still at work in the Duchy. In 
addition to the general film shown, six others had 
been made of particular engines in operation, and 
copies of all of these films would be available on 
free loan to colleges, universities and specialised 
engineering audiences, through the medium of the 
Petroleum Films Bureau. Following the showing 
of the film, Mr. A. Treve Holman, chairman of the 
Cornish Engines Preservation Society, explained 
the purpose of the Society and its achievements to 
date in arranging for the preservation of typical 
engines and the restoration of Richard Trevithick’s 
cottage at Penponds, and appealed for additional 
membership and funds to enable its work to be 
continued and extended. It should be mentioned 
that the film is not merely pictorial, but is instruc- 
tional to the extent that it explains, with the aid 
of some excellent ‘“‘animated’’ diagrams, the 





high-water, the raft had remained completely 


working of the Cornish steam cycle. 


SOIL MECHANICS. 
To THE Eprror or ENGINEERING. 


Stm,—I have read with interest the review, on page 
50, ante, of Terzaghi’s second volume on soil 
mechanics, of which I have read parts. Your re- 
viewer mentions some of the references given in the 
book. These references are numerous, but they 
almost entirely omit to mention any work done 
in England—that of the late Professor E. G. Coker, 
F.R:S., being an exception; with the result that 
the reader of the book is left with the impression 
that little or nothing has been done in this country. 
It is so long since I was at work on this subject 
that I will not attempt to give the British references 
except to the work done by Mr. A. Hiley, 
A.M.LC.E., and, separately, my own work, which 
is recorded in five papers delivered to the Socicty 
of Engineers and published in their Transactions 
for the years 1919-23, inclusive. In these, the 
discovery by me of the pressure fluidity of clay 
and plastic metals is clearly described. So is the 
effect of pointing a pile, and how the support of a 
pile is divided between the skin friction and the 
pressure on the end of the pile. So, although the 
term “soil mechanics” originated in the United 
States, Britain was well ahead (about five years) 
in the matter of the experimental work. An engin- 
eer wants to know how much a soil will support. 
The pressure of fluidity gives him the limit at which 
it fails. 

Yours faithfully, 
A. 8. E. ACKERMANN. 
9, Rotherwick-road, 
London, N.W.11. 
February 27, 1949. 


(The tendency of American writers of text-books to 
include only American works in their bibliographies is 
not peculiar to those dealing with soil mechanics; we 
have commented on it on a number of other occasions. 
In his various observations and comments, at the Soil 
Mechanics Conference in Rotterdam last yoer. however, 
Professor Terzaghi made a number of references to the 
work of British investigators. Mr. Ackermann’s letter 
provides a convenient opportunity to draw attention 
to the recent formation of a British Section of the 
International Society of Soil Mechanics and Foundation 
Engineering, which was established at the Rotterdam 
Conference above mentioned. Membership is “ open 
to all interested in soil mechanics and its applications,” 
according to the statement issued by the British 
National Committee of the parent organisation. 
Particulars may be obtained from the to the 
British National Committee at the Institution of Civil 
Engineers, Great George-street, London, 8.W.1.— 
Ep., E.] ; 





FRICTIONAL FORCES IN DIAL 
GAUGES. 


To THE EpiTor oF ENGINEERING. 


Sm,—The interesting article by Mr. C. F. Bruce, 
on page 169 of your issue of February 25, raises a 
number of problems which seem to have been 
ignored by engineers, physicists and mathematicians. 
Everyone knows that tapping a dial gauge cuts 
out the “‘sticktion”; but why does it do so? 
The contact surfaces are knocked out of touch and 
for a moment friction vanishes. That is a simple 
view. Possibly this simple view covers the problem 
of the dial gauge. Years ago, at Elswick, however, 
a large plunger had to be lifted out of a hole into 
which it fitted closely. Heating of the hole had 
no effect, but by hammering downwards on the 
plunger with a heavy pneumatic hammer the plunger 
was raised. Mechanics know the value of side-ways 
hammer blows in getting round pegs out of round 
holes. Mr. 8S. G. Brown, nearly 50 years ego, used 
a revolving drum in order to cut out the axial fric- 
tion on a recorder. Is this on the same basis as the 
skidding of a motor-car tyre? Not entirely. Peri- 
pheral slip of the tyre conduces to skid but it cannot 
be a cause. Symmetry is a valid argument fiom 
eithcr side. 

Why is a cork more easily drawn from a bottle 
when it is twisted? Is it because the cork is 





distorted and made smaller? Not necessarily, 
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because a steel plug gauge in its ring shows the same 
effect. Is it because the path is greatly extended 
so that motion on a flat helix replaces a short 
axial shift ? The answer must be ‘‘No.”’ Cork on 
glass i8.@ great squeaker or hit and miss “ fric- 
tioniser.” Twisting a cork may give the same hit 
and miss as tapping on a dial gauge. Pushing a 
cork tends to swell it. Pulling a cork tends to 
contract it, Experiments with sliders on an inclined 
plane show the enormous difference between pairs, 
insulated on felt against vibration, amd pairs 
rigidly mounted and tapped. Mere contact, unless 
the word is construed beyond ordinary parlance 
and made to cover relative proximity, is not enough 
to explain even general knowledge. 

In any case, I would offer a suggestion to workers 
in this field, that a very small fractional horse-power 
motor, if need be with the spindle slightly drilled 
on one side, should be mounted on the apparatus 
and run while readings are taken. In many cases 
it may be no better than tapping, but it is surely 
more uniform and definable and more easily 
embodied by other workers who may wish to com- 
pare results. 

Yours ‘faithfully, 
H. 8. Rowx1. 
Ware, 
February 28, 1949. 





BRITTLE FRACTURE OF MILD- 
STEEL PLATES. 


To tHe Epvrror oF ENGINEERING. 


Sm,—It is rather surprising that no one has taken 
‘up the cudgels with the writer of the letter under the 
above title, which appeared in your issue of January 
7, on page 16, ante. The writer of that letter, 
Mr. A. C. Vivian, suggests that Dr. Orowan is a 
dispenser of magic, if not black magic; that Dr. 
Tipper—who, after all, has made a very wide study 
of the subject and written numerous reports— 
is unaware of one of the basic characteristics of 
steel; and that Mr. Barr, who is a distinguished 
metallurgist, is unacquainted with its physical 
properties. : 

There are, of course, two ways of treating such a 
letter. One is to ignore it in the hope that the 
writer will in due course tire of his importunities ; 
the other is for one of the authorities, whose 
views have been questioned, to refute the statements 
made. As a matter of some considerable interest 
has been raised, the second course would appear 
preferable, and that Mr. Vivian should be asked 
what he is really proposing. It would certainly 
seem that the adoption of a minimum effective 
ductility as the yardstick in a specification is a 
novel proposal, and one that merits the attention 
of the experts. 


Yours faithfully, 
P. pg H. Hat. 
Britannic House, 
Finsbury-circus, 
London, E.C.2. 


February 21, 1949. 





BAILEY BRIDGE OVER WHITEADDER WATER, NORTHUM- 
BERLAND : ERRATUM.—We regret that, on page 152, ante, 
the Bailey bridge over Whiteadder Water was stated to 
be partly of “ single-single * construction ; this should 
have been “ double-single.” The reference, in the last 
paragraph of the article, to the junction of the “ double- 
single ” and “ triple-single ” constructions is correct. 


DELIVERY Of MOTOR OMNIBUSES TO ISLE OF Man.— 
What is believed to be the first occasion on which a ship has 
been chartered solely to carry double-deck "buses occurred 
recently when Leyland Motors, Limited, Leyland, Lanca- 
shire, chartered an ex-naval landing craft, the Empire 
Gaelic, to delivery 15 "buses to the Isle of Man. Usually, 
vehicles of this nature are shipped to the island by packet- 
boat from Liverpool to Dougias, one vehicle being carried 
at a time and then only if the weather is calm. Bad 
weather had limited delivery by this means to two "buses 
in a fortnight, and as the Isle of Man Road Services, 
Limited, were depending on the "buses for Easter, 
Leyland Motors, Limited, decided to charter the landing 
craft and effect delivery of the remainder in a single 
shipment. The Empire Gaelic, which is operated by the 
Continental Line, accomplished the journey between 
Preston Dock and Douglas in just over eight hours and 
the vehicles were off-loaded by the vessel’s 15-ton derrick. 


OBITUARY. 


PROFESSOR DOUGLAS HAY, M.C. 


Tue death of Professor Douglas Hay, which, 
we regret to note, occurred at his home in Guildford- 
road, Woking, Surrey, on February 24, removes a 
well-known figure from mining-engineering circles 
in this country. Professor Hay, who was appointed 
Chief Mining Engineer to the National Coal Board, 
in August, 1946, was the elder son of Mr. W. Hay, a 
mining engineer, of Sheffield, and was born on 
February 27, 1889. After attending King Edward 
VI Grammar School, East Retford, he entered 
Nottingham University College to study engineering 
in 1905. Two years later he obtained the B.Sc. 
(Eng.) (London) degree with Honours in Engineering 
and then underwent a three-year period of practical 
training in mining engineering under his father. 
In 1910 he obtained a First Class Colliery Manager’s 
Certificate and was appointed surveyor and assistant 
manager at Stanton Colliery, Derbyshire. In the 
following year he became under-manager at Tinsley 
Park Colliery, near Sheffield, and it was while in 
this position, and as a student member of the 
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Tue Late Prorgessor Doueias Hay, M.C. 


| Institution of Civil Engineers, that he was awarded 
a James Forrest Medal and a Miller Prize. In 1912 
he was appointed to the Mines Inspectorate and was 
to the Durham Coalfield as a junior inspector. 

In 1914, Hay joined the Army and saw active 
service in France with the 3rd Field Survey Battalion, 
Royal Engineers. He was awarded the Military 
Cross for gallantry and was demobilised with the 
rank of Major, in 1919. On returning to civil life 
he resumed his place in the Mines Inspectorate and 
|was again stationed in Durham. Later he was 
appointed to North Staffordshire, but resigned in 
1922 on appointment as Professor of Mining in the 
University of Sheffield. After holding this position 
for only three years, however, he relinquished it 
but was made Honorary Professor of Mining and, 
for a number of years, was a member of Council of 
the University of Sheffield. Professor Hay later 
joined the Barrow Barnsley Main Collieries, Limited, 
and the Barnsley District Coking Company, Limited, 
and was appointed managing director. He was 
also technical director of the Wombwell Main 
Company, Limited, and served on departmental 
committees concerned with the training of mine 
Officials and with coal dust and acted as consulting 
engineer on the ventilation of the Mersey and 








Dartford Tunnels. In 1946 he was made Chief 





Mining Engineer to the National Coal Board, and, 
in April, 1948, was appointed Chief Mining Engineer 
(Management) to the Board, Mr. BE. H. Browne 
becoming Chief Mining Engineer (Planning). Pro- 
fessor Hay was for many years a member of the 
Institution of Mining Engineers and was elected to 
succeed Mr. Francis Edmond as President in July, 
1945. He was elected an associate member of the 
Institution of Civil Engineers in 1914 and was 
transferred to the class of member in 1925. 





MR. F. E. McMURTRIE. 

For many years, the name of Mr. Francis Edwin 
McMurtrie, who died at his home in Hoddesdon, 
Hertfordshire, on February 23, at the age of 64, 
was as well-known in all circles connected with 
shipping as that of the late Fred T. Jane, of whose 
annual, Fighting Ships, McMurtrie had been sole 
editor for the past 14 years. He had been associated 
with it, however, for a much longer period, for he 
was Only 20 years of age when his connection with 
Jane and Fighting Ships began. After Jane’s death 
in 1916, there were various changes in the editor- 
ship, which was sometimes carried on jointly and 
at other times solely by a number of well-known 
students of naval affairs, including Dr. Oscar Parkes 
and Mr. Maurice Prendergast, but McMurtrie took 
an active share in the work throughout and, since 
1935, had been sole editor. For this task, and his 
work as shipping or naval correspondent to a 
number of daily and weekly newspapers, he was 
peculiarly well fitted by temperament and experi- 
ence. He was the possessor of a nautical library of 
many thousands of volumes, an exceptionally reten- 
tive memory for detail, and a love of precision 
which took no account of time or trouble when 
the investigation or checking of facts was involved. 
He contributed extensively to Brassey's Naval 
Annual and other periodicals, and had served on 
the Councils of the Society for Nautical Research 
and the Navy Records Society. He was also an 
associate of the Institution of Naval Architects, 
and honorary secretary of the “ Implacable” 
Committee, formed by the Society for Nautical 
Research to repair and maintain as a Sea Scouts’ 
training and holiday ship the former French man- 
of-war Implacable, captured after the battle of 
Trafalgar. He was author or part-author of a 
number of books on naval subjects, mostly of a 
rather topical character, but all informed by the 
same care and attention to detail which marked his 
work for Fighting Ships. 


MR. H. S. HARTLEY. 

WE have learned with regret of the death, on 
February 18, at the early age of 55, of Mr. Harry 
Sagar Hartley, deputy manager for the past 20 years 
of the Stirling Boiler Company. A Lancashire man 
by birth, Mr. Hartley received his general education 
at the Colne secondary school and served his appren- 
ticeship with the firm of E. A. Foulds and Company, 
engineers and millwrights, of that town, concurrently 
attending the usual courses of evening classes, but 
also making a special study of mathematics which, 
in later years, stood him in good stead. On com- 
pleting his apprenticeship he entered the drawing 
Office of Messrs. Yates and Thom, Limited, of 
Blackburn, where he was engaged mainly on the 
design of heavy mill engines; and later was 
employed on similar work by the Burnley Ironworks 
Company. By this time, the 1914-18 war had been 
in progress for two years and, in 1916, Hartley 
went into a new branch of engineering, being 
appointed chief draughtsman of Messrs. Peter 
Hooker, Limited, who were engaged in the quantity 
production, under licence, of Gnome and Le Rhéne 
aero-engines for the Royal Flying Corps. He 
remained with them until 1921, by which time 
they had converted their plant to the construction 
of motor lorries, leaving them in June, 1921, to 
become chief draughtsman to the Stirling Boiler 
Company. He continued to hold this position 
after the controlling interest in the Stirling Boiler 
Company was acquired by Babcock and Wilcox, 
Limited, until, in 1929, he was promoted to deputy 
manager. Mr. Hartley was a member of the 
Institution of Mechanical Engineers and of the 
Institute of Fuel. 
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INDUSTRIAL DEVELOPMENTS IN 
SOUTH WALES. 


Tse former dependence of South Wales on the 
“heavy ” industries of coal-mining, tinplate and sheet- 
steel production, and, of course, shipping—in this case,. 
as ancillary to coal-mining—-still persists in the public 
mind, and, to a considerable extent, in fact; but a 
great deal has been done in recent years, in pursuance 
of the policy of successive Governments to improve the 
industrial load-fact¥ of the ‘‘ development areas ” b 
establishing in South Wales a variety of lighter industries 
which are not likely to be subject to seasonal fluctua- 
tions or, so far as can be foreseen, to be affected greatly 
by any but the more serious alterations in the volume 
oF- international trade. Mention was made of some of 
these new industries a year ago, on page 184 of the 
165th volume of ENGINEERING, when we reported a 
visit to the area, organised by the Ministry of Supply ; 
and last week, in similar circumstances, we had the 
opportunity to visit a number of other establishments 
in or near Cardiff and Newport, where gratifying 
evidence was found of the manner in which the policy 
of en the establishment of new works, or 
branches of firms already established elsewhere, is 
contributing to relieve unemployment and to reduce 
the fear of its recurrence if some future depression should 
affect the heavy industries. 

The Ministry of Supply organisation in Wales, which 

_ is directed by Mr. W. S. Gray, as Controller, from 
Imperial-buildings, Mount Stuart-square, Cardiff, 
“ sponsors ”’ (the official term) some 350 undertakings, 
of which about 250 are in the development areas of 
South Wales and Wrexham, 50 are located on the trad- 
ing estates at Treforest, Bridgend and Hirwaun, and 
the remainder are outside of the development areas. 
On the present occasion, visits were made to factoriés 
in Cardiff ; Treorchy, in the Rhondda valley ; Hirwaun 
trading estate ; Pentrebach, near Merthyr Tydfil; the 
Treforest trading estate, and Newport (Mon.). The 
works visited, taken in the same order, were those of 
the Renold and Coventry Chain Company, devoted to 
the production of chain sprockets and employing at 

resent some 560 ns, and of George Atkinson and 
mo pariy (Cardiff), Limited makers of saws, mainly 
for woodworking, both of these establishments being 
in Cardiff; E.M.I. Factories, Limited, at Treorchy, 
Rhondda, where a total personnel approaching 800 are 
engaged in the production of electric domestic appli- 
ances, radio equipment and dry batteries; Sobell 
Indu&tries, Limited, at Hirwaun, makers of radio and 
television apparatus, employing normally about 750 ; 
Hoover (Washing Machines) Limited, at Pentrebach, 
where some 560 persons are engaged, working two shifts, 
in making electric washing machines and the motors to 
drive them ; and H. J. Elliott, Limited, makers of scien- 
tific and medical glassware, thermometers, etc., who 
were established originally in Clerkenwell and “4 
about 440 persons at Treforest. The final visit of the 
tour was to the works of Standard Telephones and 
Cables, Limited, in Corporation-toad, Newport. From 
the point of view of numbers employed, this was the 
largest factory visited, employing about 1,500 men and 
women, nearly all of whom were locally engaged and 
trained (though it should be stated that this applied 
equally to the other works mentioned) on the produc- 
tion of cable with textile, rubber and thermoplastic 
insulation, radio and testing apparatus, and—a recent 
development—aluminium boxes, frameworks and light 
trolleys. 


Some of the works were converted “shadow” or 
other munition factories—for instance, those of the 
Renold and Coventry Chain Company, Sobell Indus- 
tries, Limited, and Standard Telephones and Cables ; 
others, such as the Hoover works at Pentrebach, were 
constructed ad hoc. In all cases, it was noticeable that 
the local labour had shown remarkable adaptability in 
learning processes for which there was no inherited 
“‘ background,” and that the class of work undertaken 
had proved eminently suitable for the employment of 
ex-miners (many of them being silicosis cases) and 
partly disabled ex-Service men. Further develop- 
ments stated to be in progress include the establishment 
of works for the production of bicycles and their com- 
ponent parts, and new branches of aluminium wire, 
cable, foil and sheet manufacture. In addition, a 
factory will be opened shortly near Newport for the 
production of small tools. 








REPAIR BASE FOR BRISTOL AERO ENGINES IN EGypr.— 
Agreement has been reached between the Bristol Aero- 
plane Company, Limited, Filton, and Misr Airlines, of 
Egypt, for the establishment in Egypt of a base for the re- 
pair and maintenance of Bristol aero engines. The nucleus 
of the base will be Misr Airlines existing workshops at 
Almaza, but a party of technicians from this country 
will go to Egypt to supervise extension of the existing 
facilities. The technicians will remain there to control 
technical work and a party of Egyptian engineers will 


DOUBLE-DECK RAILWAY ‘CARRIAGE. 

THE’ Railway Executive are considering the possi- 
bility of weiny Agibledeck carriages to relieve conges- 
tion in subur trains during rush hours. A design 
has been » under the direction of Mr. O. V. S. 
Bulleid, M.I.Mech.E., Chief Mechanical Engineer of the 
Southern Region, and a “‘ mock-up” of one complete 
com ent, with upper and lower seats, was shown 
to representatives at Marylebone Station on 
Friday, February 25. It is expected that an electric 
train of eight carriages, consisting of two four-carriage 
sets, each of two motor and two trailer carriages, 
will be is a into traffic in October next on the 
London- ord line. The train will have 1,016 
seats, which represents an increase of 31 per cent. 
over the number of seats in a conventional eight-coach 
electric train. 

Sketches showing a longitudinal section (Fig. 1) and 
plans of the arrangement of the upper and lower seats 
are given in Figs. 2 and 3, respectively, for the equiva- 
lent of two compartments. Owing to the limitation in 
height imposed by the British loading gauge, the 
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ent is not strictly double deck; there is no 
continuous upper deck. Each compartment is entered 
in the no way through either side door. There are 
eleven lower seats: six on one side and five on the 
opposite side, where a short flight of steps leads to the 
upper seats. There are also eleven upper séats: six on 
one side and five on the stairs side. The upper seats are 
directly above the lower seats, but face in opposite 
directions. The floor of the upper compartment has a 
central channel (Fig. 1), on to which the steps give 
access, enabling ers to stand erect without their 
heads touching the roof, but on each side of the channel 
the floor is raised to form a foot-rest for seated passen- 
gers. The headroom of seated in the lower 
compartment is much less than that in an ordinary 
coach, but this is no inconvenience, and to provide the 
maximum possible height in the compartments the 
depth of the main longitudinal members of the carriage 
has been reduced so as to lower the height of the floor 
above the rail. § for stowing light luggage are 
provided under the seats of the lower compartments 
and above the seat backs in the upper Ney me 
Each trailer-type carriage will have seven lower and 
six upper compartments, providing 144 seats (the 
central lower compartment will not give access to an 
upper compartment). Each motor carriage will have 
five upper and five lower compartments, with a total 
of 110 seats. The upper windows will be in the 
curved part of the body, where the sides curve into the 
roof, and as they will pass close to bridges and tunnels, 





be sent to Bristol for training. 


they will be fixed. The lower windows will open in the 





usual way, and electric fans will be uséd to ventilate 
the upper compartments. 

The Executive intend to run the double-deck 
carriages in traffic to ascertain their efficacy in relieving 
congestion. The reaction of passe is important, 
but the most vital factor is tell the speed with 
which ngers can entrain and detrain when the 
compartments are carrying standing passengers. ‘I'he 
time allowed for each station stop is short, and if time is 
wasted while passengers leave the upper compartments, 
pass standing passengers in the lower compartments, 
and step off the train, it will be difficult to abide by 
the rigid suburban time-table. It is to be hoped, 
however, that the experiment will ve to be success. 
ful, because congestion on London suburban lines has 
for long been acute, and the costly work of lengthenin, 
station platforms or widening lines and laying additional 
tracks—the most satisfactory solutions, apart from 
dispersing the industries and offices of London— 
cannot’ be undertaken at present. 





RADIO COMPONENTS 
EXHIBITION. 


and test gear for the radio, television, electronic and 
telecommunication industries, was held at Grosvenor 
House, Park-lane, London, W.1, from Tuesday, 
March 1, to Thursday, March 3. The object of this 
display, which was organised by the Radio Components 
Manufacturers’ Federation, was to acquaint radio and 
electronic manufacturers and engineers with the extent 
to which the component producer is meeting exacting 
new requirements and is ensuring that the equipment 
made shall be reliable and durable in all tempera- 
tures and climates and under all working conditions. 
The results of past endeavours in this direction are 


from British manufacturers of radio receivers, there is 
still a substantial market for British components 
abroad. This may be illustrated by pointing out that 
the value of the components exported increased from 
430,000/. in 1945 to 3,600,000/. in 1948, and that of 
valves from 730,0001. to 2,000,000/. 

It is, of course, impracticable to deal in detail with 
the display of the 106 exhibitors. Certain trends, how- 
ever, may be noticed. In the first place, the “ minia- 
turisation ” of components and valves is continuing, 
and is leading to a saving in material, reduced ¢ost, 
smaller sets and higher efficiencies in the case of 
television and other high-frequency equipment. The 
increasing demands of television were reflected in the 
smaller valves with larger gain, and in the ‘smaller 
electrolytic and other condensers of higher stability 
which were also shown. Improvements that haye been 
made in television aerials were illustrated. These 
can now be provided with reflectors, so as to give longer 
ranges with less interference. On the other hand, 
where the signal strength is good and interference is not 
severe, a television aerial with a fully dimensioned indoor 
dipole and designed for mounting on a door frame can 
be used. Numerous instruments are now available 
for servicing television sets, including some the 
of which covers the higher frequencies which will be 
used at the new Birmingham station. It is not sur- 
prising, too, that the imminent passing of the Wireless 
Telegraphy Bill into law resulted in the exhibition of 
a number of suppressors, which have been designed 
for the use of manufacturers of industrial, medical and 
domestic electric appliances. Two new suppressors 
for cars were shown, one of which can be screwed into 
the distributor head and the other pushed on to the 
top of a sparking plug. 

In the somewhat specialised field of hearing aids, the 
components shown included crystal microphones in 
circular cases of as little as 0-8 in. in diameter and a 
crystal earpiece the depth of which has been reduced 
so as to render it less conspicuous. It is claimed that 
this improvement has been effected without impairing 
its performance. Valves suitable for use on these sets 
are designed for connection to a 1-4-volt dry battery. 
Considerable ingenuity is obviously being shown in the 
design of valve holders. Those exhibited included a 
range made of polytetrafluorethylene, a plastic which 
was introduced last year and possesses the electrical 

roperties of polythene. Its impact strength is v 
high and it can withstand a temperature of 250 deg. & 
indefinitely. Among the instruments shown, mention 
may be made of a watch rate recorder for the rapid 


determination of the time-keeping qualities of watches’ 


and clocks, In this instrument the rate of the clock 
under test is com with a self-contained crystal 
oscillator of very high accuracy, which prints the 
comparison on a paper tape. 
An interesting advance in design was exemplified b 

a capacitor in which only one metallised paper is a 
As a result, it has been possible to reduce its diameter 
to #, in. and its length to % in. Small dimensions also 
characterised a new temperature compensation capaci- 





tor which is only § in. long and } in. in diameter. 


A privaTE exhibition of components, including valves © 


shown by the fact that, in spite of reduced demands 
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OPERATION OF BRITISH TRANS- 
PORT VEHICLES AND VESSELS, 1948. 


Tue first year of nationalised transport in Great 
Britain has passed, and it is now possible to review the 

iod statistically by examining the series of thirteen 
oo weekly T'ransport Statistics, covering the 52 weeks 
from December 29, 1947, to December 26, 1948, which 
the British Transport Commission have published. 
During the year, the arrangement of data was im- 
proved, ‘and some additional facts have been intro- 
duced; furthermore, although information in — 
of British Railways, London Transport, and 
Waterways is generally complete, nothing has been 
published yet in these booklets on the operation of the 
undertakings to be taken over by the Road Transport 
Executive. The picture that is presented, therefore, is 
not complete; it will, however, be improved in the 
future, and, in addition, Parliament and the Nation 
will be able to form a as well as a statistical, 
conception of the progress of British Transport from 
the annual report which the Commission is required to 
present to the Minister of in accordance with 
the Transport Act, 1947. The first annual report is 
expected to be published in ss 

From an ing point of view, it is sufficient to 


examine statistics relating to the operation of vehicles |: 


and vessels, with brief reference to commercial figures 
on which they nd. During the , the following 
locomotives were uit in vaboey wollte : passenger 


tender, 52; mixed-traffic, 198°: tender; 18 ; 
freight tank, 27; Diesel and Diesel ic, 13; and 
electric, 1; making a total of 309 locomotives. There 


were also purchased from locomotive builders 95 mixed- 
traffic engi The total operating stock of locomotives 
dec: during the year from 20,469 to 19,756, the 
individual ‘numbers 


okt 258 Dieecl-dlectric, 53°t0 65; 


20,408 to 19,678 ; Diesel 


repair®. 
‘lee and iting repairs, etc., are given for 
vehicles under, or a’ af 
the end of each four-weekly period ; the figure for the 
end of the thirteenth iod was 3,416 locomotives, 
which left an available ing stock of 16,340 (the 
co i at the end of 1947 was 16,486). No 
information is given as to whether all these locomotives 
were in use, but it is known that, at least when traffic 
requirements are below average, a certain number of loco- 
motives are stored. There is not such an acute shortage 
of locomotives and wagons as there is of coaches. - 

The operating stock of coaching and freight vehicles 
also decli during the year, thus: coaching, 56,254 
to 55,522; and freight, 1,218,762 to 1,175,238. The 
latter figures*include the large number of privately- 
owned wagons which were taken over by the British 
Transport Commission. During the year, 9,370 
“heavy” repairs and 69,030 “light ” irs were 
undertaken . on coaching) vehicles, and 4,212,025 
on freight vehicles. ical for rolling stock 
under, or awaiting, re and examination ( i 
to the end of the thirteenth period) were: 5,47 
coaching vehicles, leaving an available operating stock 
of 50,051, compared with 48,706 for the corresponding 
date in 1947; and 112,841 freight vehicles, leaving an 
available ting stock of 1,062,397, compared with 
1,058,068 at the end of 1947. This shows a substantial 
improvement in the repair position during the year; 
although the numbers of coaches and wagons decreased, 
the numbers available for traffic increased. 

The freight-train traffic “ originating” during the 
year was 274,986,000 tons, an increase of 7-17 per 
cent. over 1947; the estimated net ton miles were 
21,276,107,000, an increase of 5-38 per cent. ; and the 
number of passenger journeys originating (the number 
per season ticket is computed on the basis of 600 per 
annum) was 928,206,000, a decrease of 7-19 per cent: 
The total train miles (coaching and freight, loaded 
and empty) were 363,914,000, an increase of 3-95 per 
cent. The total engine miles, for all p , were 
535,208,000, an increase of 2-58 per cent.; and the 
total engine hours in traffic were 62,934,000, a 
decrease of 1-16 per cent. The train miles per train 
hour are given for each four-weekly period, the maxima 
and minima being 14-11 and -13-36 for steam coachin 
stock, 19-66 and 18-60 for electric coaching stock, 
8-82 and 7-39 for freight stock. The maxima and 
minima of train miles per ‘total ine hour were 
10-38 and 9-80 for steam coaching stock, and 3-64 and 
3-27 for freight stock. These figures, of course, give 
no indication of the aver of trains, although 
they depend partly on that factor, Total engine hours 
include time occupied working trains, including time 
trains are ing at signals, intervals between trains 
(excluding time spent on locomotive duties, a 
etc.), time occupied by train engines in ing light 
between shed and station where the prot ly pas half 
a mile, time spent by train engines shunting at terminal 





at 2; electric, 4 to 5; and narrow- di 


points and intermediately, time spent on regular shunt- 
ing duties, ‘‘ departmental ” engine hours, and “ other ” 
hours (assisting trains, waiting to assist, etc.). 
It would be unwise to draw any positive conclusions 
acces ines Sa se ee 
tion in lb. per engine . The Deeember or 
the Western ion and the Scottish Region, which 
use approximately the same total quantity of coal, 
were 57:06 lb. and 75-85 lb. per engine mile, a large 
difference attributable mainly to differences in operat- 
ing conditions, quality of coal, age and efficiency of 
locomotives. The total locomotive coal consumption 
for all Regions during the year was approximatel. 
13,822,000 tons, but as the returns do not distinguish 
between steam engine miles and electric, Diesel, etc., 
miles, it is not possible to compute the average consump- 
tion in lb. per engine mile for the year. The consumption 
is given for each four-weekly period, however, and the 
average appears to be about 64 lb. per mile—an 
improvement on 1947, but the figures for the early 
months of 1947 were high, due, no doubt, to the severe 
weather. The consumption of low-tension current 
for traction on British Railways was not given for the 
whole of 1948, but the average four-weekly consumption 
is about 56,000,000 kWh, and the average consump- 
tion is about 2-7 kWh per car mile (driven and 

iling). Statistics for the consumption of Diesel oil 
were not given for the whole of the year, but 
the averages are about 86,500 gallons per four-weekly 
ae me mre ta yw No fuel oil 
or steam locomotives was used during the last two 
ee ee 

about 5-6 gallons per engine mile. 

’. The total number of steamships operated by British 
Railways (some of which are not owned by the Rail- 
ways), was 135 at the end of the thirteenth period, the 
total net registered tonnage being 69,911. 

The London’ Transport Executive is responsible 


(compared 
the figures for 1947) consisted of the 
following ic passenger stock : 18 locomotives (18), 


2,210 motor-driven cars (2,206), and 1,649 trailer 
cars (1,655); there were also 71 carriages (71). Five 
motor-driven cars were purchased d the year. 
The number of "buses and coaches was 7,515, including 
550 hired coaches and 15 hired "buses. The correspond- 
ing figures for 1947 were 7,380 "buses and coaches, 
including 346 hired coaches, but the statistics do not 
reveal the numbers of owned vehicles purchased and 
scrapped during the year. The number of trams 
decreased during the year from 864 to 862, and the 
number of "buses increased from 1,746 to 1,762. 
Seventy-six *buses were purchased. The total 
‘railway car miles were 227,774,000, and the average 
consumption of electricity was about 2-9 kWh per car 
mile. In road —— for the thirteenth period, 
the consumption of Diesel oil was 1,986,000 gallons— 
9-63 miles per gallon for the central "buses, 10-81 m.p.g. 
for country "buses, and 12-07 m.p.g. for coaches; and 
of petrol, 756,000 gallons—5-03 m.p.g. for central 
*buses and 5-54 m.p.g. for country "buses. 

Some statistics are given for Inland Waterways. 
The number of carrying craft owned and operated by 
the Commission in the last period was 188 power-driven, 
and 961 “ dumb ” craft, making a total of 1,149 craft 
with a capacity of 43,808 tons. The figures of loads 
carried re! to traffic carried on the Commission’s 
waterways in all types of vessels, whether owned and 
= peyse by the Commission or by independent carriers. 

e tonnages “ originating” during the 52 weeks 
were: coal, coke, patent fuel and peat, 5,469,000 tons ; 
liquids in bulk, 1,739,000 tons; and general merchan- 
dise, 3,913,000 tons—total, 11,121,000 tons. The total 
net ton miles were 192,949,000. 





THE LaTE Mr. L. V. KENWARD.—We note with regret 
the sudden death of Mr. Leo Victor Kenward, which 
occurred at Haywards Heath, Sussex, on February 23. 
Mr. Kenward, who was formerly director of the rubber- 
products group of the Dunlop Rubber Company, Limited, 
was born at St. Leonards-on-Sea on June 20, 1886, and 
educated at Tudor Hall, Kent. He joined the Dunlop 
Company in London in 1907 and was transferred to 
Aston Cross, Birmingham, in 1911. He became works 
secretary at Aston Cross in 1919 and, in 1923, was made 
operating superintendent and works secretary at Fort 
Dunlop. In 1924, he was appointed general sales mana- 
ger, and from 1926 to 1928, was sales controller at the 
Dunlop Company’s London headquarters. In 1930, Mr. 
Kenward became general manager of the Dunlop sub- 
sidiary companies dealing with rubber and allied products 
in this country until his appointment as director of the 
rubber-products group in January, 1940. He retireg in 
1942. Mr. Kenward was chairman of the India Rubber 
Manufacturers’ Association from 1929 until 1933, vice- 





vice-chairman of the Research Association of British 
Rubber Manufacturers. 


president of the Institution of the Rubber Industry, and | readil 


RECENT. RESEARCH ON 
CORROSION. 


Ix the course of the first of two Cantor Lectures 
delivered before the Royal Society of Arts on February 
21, Dr, W. H. J. Vernon, O.B.E., of the Chemical 
Research Laboratory, Department of Scientific and 
Industrial Research, stated that corrosion at normal 
rates, in neutral solutions and without hy: 
evolution, had been demonstrated, in the complete 
absence of dissolved oxygen, through the intervention 
of anzrobic bacteria of the sulphate-reducing type. 
These organisms were known to flourish in certain areas 
of the sea-bed, and, what was of greater economic 
significance, they also flourished in many impervious 
clays in which metal pipe systems were laid. Available 
data showed that, in England and Wales, there were 
80,000 miles of water mains alone, and, so far as this 
country was concerned, there was overwhelming 
evidence that the problem of underground corrosion 
was p! largely confined to pipes embedded in water- 
logged but otherwise impervious clay. Corrosion of 
cast iron took the form of “ graphitisation,” in which 
much of the iron was leached out altogether, the residue 
consisting mainly of graphite with other insoluble 
constituents of the original metal and associated iron 
compounds. Perforation of a water main resulted 
when the graphitisation extended to the thickness of 
the pipe wall at any point. This type of failure had 
been known to occur even within a year, and failures 
after from five to ten years were common. 

This form of corrosion provided the paradox that 
virulent attack was associated with conditions which, 
in the light of accepted principles, should lead to free- 
dom from corrosion, namely, the conditions favoured 
the exclusion of oxygen, which, in ordi neutral 
environment, was necessary for cathodic depolarisation. 
An explanation of the paradox had been suggested in 
1934-by the Dutch investigator, Von Wolzogen Kir, 


‘|in terms of the possible action of anwrobic sulphate- 


Teducing vibrio desulphuricans. On this 
view, the organisms, by acting as “ h acceptors,” 
poe a mechanism for the disposal of cathodic 
ay (cathodic depolarisation), a role normally 

ed by atmospheric oxygen. Some of the earliest 
work in this field had been carried out at the Chemical 
Research Laboratory by Mr. H. J. Bunker and his 
colleagues, and investigations were now being pursued 
intensively by Mr. K. R. Butlin. Experiments in 
neutral solutions, oxygen being rigorously excluded, 
showed that corrosion occurred only in the presence of 
the bacteria. In the sterile medium, the specimens 
remained bright ; when inoculation took place, corro- 
sion proceeded with pitting of steel specimens and 
characteristic phitisation of cast iron. It was 
true unfortunately that all the conditions of micro- 
biological corrosion, namely, exclusion of oxygen, the 
resence of bacteria, of sulphate, and of other factors 
avourable for their growth, were provided by the 
majority of clay soils. Observations in the field had 
abundantly confirmed the conclusions reached from 
laboratory experiments. The investigations were bei 
continued with the co-operation of various water an 
gas undertakings and other public bodies. 

In his second Cantor Lecture, delivered on February 
28, Dr. Vernon spoke on corrosion preventive methods. 
In di ing corrosion inhibitors, he referred to recent 
work at the Chemical Research Laboratory in 
which the inhibitive properties of sodium benzoate 
had been established and applications worked: out. 
This development had originated in war-time work on 
“‘ anti-freeze ” solutions for use in the ‘cooling systems 
of motor-car engines.’ It was discovered that while 
sodium benzoate was an effective anti-freeze agent 
it also the outstanding property, when 
added in small proportions to solutions of digenine or 
glycol, of inhibiting the corrosion of metals in the 
cooling system. Work at the Laboratory had applied 
this discovery to wrapping materials which did not 
merely exclude humid or polluted atmospheres, but 
had the more positive effect of preventing attack on 
the underlying metal if the wrapping were defective. 
This had been achieved by impregnating the wrappin 
material with sodium benzoate. Steel specimens wrapped 
in this way remained bright in conditions of high 
humidity, even if the wrapping became soaked with 
precipitated moisture. The first wrappings investi- 
ga had been cellulosic materials, but a more recent 
and very promising development, resulting from 
collaboration with the Rubber Producers’ Research 
Association, employed rubber latex with sodium 
benzoate added to it. Simple dipping of the artivle 
in the treated latex, at ordinary room temperature, 
produced a protective coating which had good mech- 
anical properties combined with that of corrosion pre- 
vention. Large articles could be sprayed with equally 
good results. The coating covered the whole surface 
of the article, even small interstices, but could be 
i off when no longer required. Stripping 





ly peeled re 
could be further facilitated by incorporating a piece of 
tape in the latex coating. 
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THE PERSONNEL OF THE 
ELECTRICAL INDUSTRY. 


Durine the bp few years there have been a number 

of reports and recommendations on the subject of 
technical education. These have emphasised the need 
for an increasing supply of men capable of translating 
the results of research speedily and efficiently through 
the various of development into full-scale 
production. In the sphere of electrical engineering 
however, they have related mainly to the professional 
engineer, who numerically represents a very small 
proportion of the total personnel involved in that branch 
of engineering. The Council of the Institution of 
Electrical Engineers have been concerned for some 
time at this deficiency and have therefore requested 
their Education and Training Committee (of which 
Sir Arthur P. M. Fleming is chairman) to make re- 
commendations on the subject. In the meantime, 
they have published a memorandum, from which 
extracts are given below, in order that attention 
may be drawn to the more urgent aspects of the 
problem. 

This memorandum points out that the duties and 
qualifications of the industry’s personnel, like that of 
engineering itself, vary over a wide range. It includes 
the professional engineer, who is competent, inter alia, 
to assume personal responsibility for development and 
to give authoritative technical advice. It also includes 
the technician, who carries out approved techniques in a 
responsible manner, the in who is skilled in 
manual and machine operations, and the semi-skilled 
operative who is limited to the performance of routine 
operations. The plan which the education of the 

fessional electrical engineer should follow has been 

id down in general terms by the Institution ; and it 
has been made clear that for him the alternatives are 
a course at a university or part-time attendance 
at National Certificate and appropriate endorsement 
courses. The ision for nec treme ee ing technical 
education and industrial training of electrical tech- 
nicians is much less sati . This is the more 
to be regretted as this class forms the bulk of the 
technical staff of any engineering organisation, whether 
it be productive or operational. It has been estimated 
that the number required is probably five times as 
large as that of professional engineers. The qualifi- 
cations required by technicians as a class have not 
been agreed or formulated authoritatively, neither has 
the importance of this group of the industry’s personnel 
been sufficiently appreciated and recognised. Satis- 
factory schemes of education and training have been 
developed in only a few organisations, among which 
the Engineering Branch of the General Post Office is 
a prominent example. In it technicians are employed 
under several titles, and definite courses of technical 
study and of preparatory practical experience are laid 
down for each category. Further, though without 
using the title “technician” and without formal 
schemes of training, the larger manufacturing firms 
select for training, for duties of technician type, pro- 
mising youths recruited as craft apprentices, but for 
these the appropriate courses of technical instruction 
are generally lacking. Outside these attempts, how- 
ever, the main body of technicians, employed largely 
in small undertakings, receive little attention on either 
the educational or caing sides, notwithstanding that 
they may constitute the bulk of the personnel concerned. 

The youth desirous of improving his qualifications 
will almost certainly be ambitious of acquiring profes- 
sional recognition, and if, as is likely, he has taken an 
Ordinary National Certificate his ambition. and the 
lack of suitable alternative courses to which he might 
more appropriately be directed, will cause him to enter 
courses Le the Higher National Certificate. The type 
of treatment given in these courses and the standards 
aimed at, while appropriate for professional engineers in 
training, are not so suitable for technicians. It is safe 
to say that a large number of the students in these 
courses would be better served by courses of a different 
character, while still larger numbers who attend no 
courses beyond the Ordinary National Certificate 
stage would attend, with profit to themselves and 
advantage to the industry, courses devised with the 
needs of technicians specially in view. 

The provision of these courses is clearly within the 
province of technical colleges, for the attendance 
would necessarily be part-time ; and the courses, which 
would clearly be somewhat specialised, would often 
take on a local character. As it is, many capable 
technicians fail to stay the course they undertake or 
to _ the examinations; or, if they succeed, are 
unable through circumstances beyond their control to 
acquire the additional qualifications needed for pro- 
fessional status. Thus good men are led into a state 
of frustration with all that this means to themselves, 
their employers and the industry generally. There is 
thus indicated the need for a considerable volume of 
educational provision for electrical technicians of a 
type which is at present so scarce as to be almost 
non-existent. 





LABOUR NOTES. 


Tue first of the teams of British personnel appointed 
to — productivity problems in the United States 
under the auspices of the Anglo-American Council on 
Productivity has now been selected. The team has 
been drawn from the steel-founding industry and will 
be under the leadership of Mr. F. A. Martin, managing 
director of the Osborn Foundry and Engineering Com- 
pany, Limited, Sheffield. In addition to Mr. Martin, 
it will comprise five members from supervisory grades, 
five technicians and five workshop operatives. An 
announcement by the Council states that the team will 
leave for the United States next Wednesday. Other 
British productivity teams are expected to be made 
known in the near future. The complete programme 
for each team will take about three months, of which 
some six weeks will be mt in the United States 
examining representative factories and studying pro- 
ductivity methods. On the return of teams to Britain, 
members will visit British factories to discuss their 
findings. 


The Colliery Winders’ Federation of Great Britain 
anncunced on Feb 24 that, following a meeting in 
Sheffield, its executive body had decided to give 21 
days’ strike notice, to expire at the end cf March, unless 
a satisfactory reply to their den.ands was received from 
the Nationa! Coal by the end of the present week. 
Their claims are fcr an increase of 13s. 2d. a shift and 
two weeks’ annual holiday with pay, in addition to the 
six statutory holidays a year. The Federation has 
2,000 members distributed throughout British coal- 
fields, with the exception of Wales, and estimates that 
70 per cent. of Britain’s coal output would be affected 
in the event of strike action taking place. 








A statement issued on February 24 announced that 
the first of the series of claims by the National Union of 
Railwaymen, against the four transport Executives, to 
come before an arbitrating body, had been rejected. 
This was the claim for an increase of 12s. 6d. a week in 
respect of all salaried and wage grades employed by the 
Hotels Executive and was considered by the National 
Arbitration Tribunal. The claim was the only one 
which will be dealt with by that tribunal and some 
16,000 employees of the Executive will be affected by 
the decision. The demand to the Hotels Executive 
was the last of the series ted by the union to 
be the subject of joint negotiations. These were a 
failure and, on the ground that no other machinery 
existed for the settlement of the dispute between the 
union and the Executive, the Minister of Labour referred 
the case to the National Arbitration Tribunal. The 
national executive of the union held a special meeting 
last Friday to consider what action should & be taken by 
the union in view of the rejection of the claim. 





A similar claim by the railway staffs of the London 
Transport Executive will be decided by a wages board, 
which commenced consideration of the case yesterday 
and it is expected that the decision will be made known 
in the course of a few days. The claim of the main 
body of railway employees, some 430,000 in all, against 
the Railway Executive will come before the Railway 
Staff National Tribunal, which will start its hearing of 
the demand on Monday next. The cost of meeting 
this claim, which is by far the largest of the series, 
in full, would amount to over fourteen million pounds 
annually. These will leave only the claim against the 
Docks and Inland Waterways Executive outstanding. 
The decisions of all the arbitrating bodies are binding 
in respect to the claims submitted to them, but, as the 
four claims are being considered individually by 
separate arbitrating bodies, it does not follow that the 
rejection of one claim will necessarily mean the rejection 
of the others. 





The claims of the National Union of Railwaymen 
were based in all four cases mainly on the increase in 
the cost of living since June, 1947, when a general 
increase of 7s. 6d. a week was awarded. In presenting 
the union’s case, on behalf of the hotel employees, to 
the National Arbitration Tribunal, the union’s general 
secretary, Mr. J. B. Figgins, is understood to have 
drawn attention to the rise in the interim index of 
retail prices of food by 8 per cent. since the date of that 
award. He stated that the present minimum rates in 
the various did not enable the men to keep 
themselves and their families in decent home conditions. 
He submitted that the Government’s White Paper on 
** Personal Incomes, Costs and Prices ” did not entirely 
tule out wage increases, and urged that minimum 
wages should be raised to between 61. 188. 8d. and 81. a 
week. It is part of the case of the Executives, in this 
respect, that few of the employees at present earn 
only minimum rates. It may be ed that the 
union’s original claim, made early in 1947, was for an 
overall increase of 20s. weekly. Of this, 7s. 6d. a week 





was granted in June of that year and the present 


‘| demand for a further increase of 12s. 6d- weekly ig 


by the union as being, in the main, a con 
tinuation of the original demand. 





The General Council of the Trades Union Congress 
is reported to have given further consideration at its 
meeting on February 23 to the administration and 
control of the nationalised industries. While there is 
no sign that the General Council is in sympathy with 
those sections of trade-union opinion which desire that 
the rank and file should have a major share in the 
control of the nationalised industries, it is evident 
that the Council is not satisfied with some aspects of 
the working of these industries. They decided to 
invite the detailed opinions of affiliated unions, having 
experience of nationalised industries. on the future 
conduct of these industries and on any other industries 
for which nationalisation might be planned. The 
economic committee of the Trades Union Congress 
holds the view that the Boards of these industries should 
contaia full--ime members. chosen for their merits, 
with the addi ion of some part-time members 





The decisions of the arbitration tribunal, appointed 
by the Minister of Labour to investigate the claims by 
road passenger-transport employees for additional pay- 
ment in respect of work after | p.m. on Saturdays, were 
announced at the end of last week. The tribunal 
consisted of Mr. John Cameron, K.C., chairman, 
Major-General Lord Burnham and Mr. James Bowman. 
Three separate awards were made, the parties in the 
various cases being the London Transport Executive 
and the Transport and General Workers’ Union. in 
respect of London transport; the two sides of the 
National Joint Industrial Council for the Road Passen- 
ger Transport Industry, in respect of municipal under- 
taki ; and the two sides of the National Council for 
the ibus Industry, in “respect of private ‘bus 
companies. The tribunal decided that those road 
transport employees whose duties are scheduled on 
the basis of a rostering of duties for six days in every 
pay-roll week shall have their pay increased, as a 
temporary measure, by between 74d. and 9d, an hour, 
in London, for work performed after 1 p.m. on Satur- 
days and that the increase in the provinces shall be a 
uniform 7d. an hour for all employees. 





In effect, these awards give the road-transport 
employees approximately time-and-a-quarter rates 
instead of the time-and-a-half rates which they claimed. 
The tribunal’s award on the claim by the Transport 
and General Workers’ Union on behalf of the road 
employees of the London Transport Executive, was 
similar to the other two awards, apart from variations 
in the rates of pay granted. In this award, the tribunal 
stated that no case had been made out to establish the 
principle that work performed after 1 p.m. on Satur- 
days as part of the normal working week should 
necessarily be remunerated at enhanced rates and, in 
particular, at the rates established by agreement and 
award as appropriate to work on Sundays or agreed 
ublic holidays. On the other hand, the tribunal 
ound that opportunities for leisure in the road- 

industry were unfavourable, compared with 
those in other industries. 





The tribunal considered that the most satisfactory 
solution of the problem would be a reorganisation of 
schedules so as to increase both the amount and 
suitability of time available for leisure. If that were 
done, the tribunal stated, the basis for their award 
would disappear. Having regard to the man-power 
available, however, the tribunal was of the opinion 
that such a reorganisation was impracticable and that, 
as a temporary measure, therefore, a compensating 
payment should be made until increased man-power, 
and a consequential reorganisation of duties, enabled 
additional rest days to be given. They made the 
payment applicable to Saturday afternoons and 
eveni because those were the times when the dis- 
advantages of the present working conditions were 
most apparent. The careful wording of the award, 
and the emphasis on its temporary character, suffi- 
ciently indicate the concern of the tribunal that it 
shall not be made a precedent for other claims for 
additional pay for Saturday afternoon work. 





Miss Mildred Fairchild, who is responsible for the 
women’s and — employees’ section of the Inter- 
national a Office, “ a a ba poe 
in London on February 26, on the subject y 
for women in res: of equal work. Miss Fairehild 
said that the subject frequently received the 
attention of the Office and would be considered at 
length at the conference of the International 
Labour ce which was due to be held next year. 
Dame Caroline Haslett eg at the luncheon, which 





was organised by the United Federations of Business 
and Professional Women. 
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TaBLE V.— Advances in Gears and Gearcases. 














re Kent Class | Modern Cruiser 
Cruiser. of Same Power. 
Type of gearing .. | Standard in- A.A. (Fig. 9.) 
High-pressure gear ratio ——<— 11-6 
gear > ° . 
Low-pressure gear ratio 9° 7:0 8-2 
of pinion between ex- 
Weight of oa nian en “ ~ 
row a 
a ee ee 
gearcase, : . 
Toul weight, tons oe 29-06 -23 





Flexible couplings are used to connect the pinions 


to the turbine spindles, and are of the claw type | fitted in some destroyers built at the end of the 1914-18 


conanes to transmit the torque, to allow for axial 
m and for any small lack of alignment resulting 
from the journals of turbines and pinions ing in 


clearance bearings. Under no 


. conditions, these 


couplings gave no trouble, and it was rather surprising 
to find, during the trials of one of the converted Queen 
Elizabeth class, that the claw faces had been seriously 
damaged. On investigation it was found that, at high 
speeds, the ends of the pinion shafts were shuttling 
axially in the couplings, and that the movement was 





* The 2ist Thomas Lowe Gray Lecture, delivered at 
& meeting of the Institution of Mechanical Engineers 
held in London on Friday, January 21,1949. Abridged. 
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the reciprocating types, although for reasons of eco- 
nomy, & few of the latter specially designed to work 
with superheated steam are still to be found in the 
boiler rooms of destroyers. Motor-driven auxiliaries 
cote acne amg eee a sma aed 
Admiralty 
to use steam units under high-power and war 
conditions, and steam steering-gear pumps have now 
been developed. In certain instances (forced lubri- 
cation pane. for example) automatic cut-in devices 
have been fitted to both motor and steam units, to 
ensure that, should the unit in use fail, the other would 
cut in immediately. 

Apart from the major change from reciprocating to 
rotary auxiliaries; many other changes have been 
made. The closed-feed system has been adopted .in ail 
major war vessels, and there is little resemblance 
between the modern system and the rather crude units 


war. Advances have been made also in the design of 
condensers :: new t of automatic feed regulators 
have replaced the older types, which were unsuitable 
for use with turbo-feed pumps. Much attention has 
been given to the air inlets, trunking, and fittings of 
boiler-room fans. to reduce noise and air losses on the 
inlet side and to ensure a better distribution of air in 
Sib tab cheung aaghter have ebene®'y ay anw 
with the steering i ave advanced a long way 
from the — units originally fitted. —_ 
steam pi ve replaced expansion glands. prove- 
ments “7 materials have generally pace with 
requirements and many new instruments and devices 
have been adopted. 
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“ENGINEERING” 

A completely new development is the equipment for 
launching aircraft from ships. Cordite- ted cata- 
pults were fitted to certain ships to catapult the small 
aircraft of those days, weighing about 8,000 lb., at a 
speed of 50 knots. With the arrival of the aircraft 
carrier, the requirement changed ; “ accelerators” are 
required to launch a number of planes at regular and 
frequent intervals. The. accelerators were hydro- 
pneumatically but, with increasing staff 
requirements for speed and size of plane and rapidity 
of launching, the pumps are becoming so that 
their steam ren samp has an appreciable effect. on 
the size of the boilers; consideration is being given 
therefore to alternative methods of launching. 

Development of the internal-combustion ine in 
i try was slow, and there is little doubt that in 
1922 British practice, particularly in the compression- 
ignition or Diesel field, was behind that on the Conti- 
nent. It was mainly due to this, and to the fact that 
such marine engines as were being manufactured were 
too heavy for naval service, that the Admiralty set up its 
own establishment for research work, in particular, for 
the development of engines for submarines. This 


. | establishment, called the Admiralty Engineering Labor- 


atory (A.E.L.), was set up at South Kensington in 
1917, and transferred to its present site at West 
Drayton in 1920. 

The submarine engines used during the 1914-18 war 
were of the direct-injection type and tended to have a 
smoky exhaust, a most undesirable feature. Partly 
due to this, and partly because we knew the Germans 
used blast injection in their submarine engines, post- 
war submarines were fitted with blast-injection engines: 
the design being based on a single-cylinder unit - 
oped at the A.E.L. ; the cylinders had a bore of 20 in., 
and aluminium pistons were used to reduce inertia 
stresses. These engines gave a good deal of trouble 
with seized pistons and air-compressor failures, and 
much work was done on improving the design of the 
unit engine and the technique in the casting of alu- 
minium pistons. This work produced good results, but 
the Engineer-in-Chief still considered that the direct- 
injection engine would give better results; it was 
therefore arranged to carry out development work on 
two single-cylinder units of 14}-in. and 17-in. bore. 
Both these ae me were very successful and 
formed the basis of the engines fitted in the ‘“‘S" and 
“7 ” class, respectively. 

As a result of adverse criticisms of British engines, 
it was decided to carry out a comparative trial, using 
four different types: Sulzer, M.A.N., Vickers and the 
Admiralty engine. Although the 1939-45 war started 
before the trial was completed, there was evidence to 
show that the two British designs were in every way 
as as, if not better than, the two foreign engines, 

all subsequent “‘ T” class submarines were fitted 
with either Vickers or Admiralty engines, which gave 
excellent service throughout the war. The Admiralty 
“S$” class engine, fitted in nearly all the “S” class 
submarines, also gave excellent service during the war. 

In the small submarines of the “ U ” class, we fitted 
Diesel-electric drive, the power being supplied by two 
275-kW generators driven by Paxman engines; this 

ent was quite satisfactory, and the engines 
gave very good service, At the A.E.L., development 





work continued on the unit engines and their power 
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was increased by supercharging, without any loss of 
reliability. This walk hed been completed in time to 
meet staff requirements for an even submarine 
than the “T” class—for operations in the Pacific. 
These “ A” class submarines were fitted with Vickers 
or Admiralty engines, and although they were not 
completed before the end of the war, the machinery 
has given good service during subsequent. trials. 

Since the coastal motor boats of the 1914-18 war, 
little work had been done in connection with coastal 
craft until about 1937, when prototype motor torpedo 
boats (M.T.B.’s) were built by several firms, the engines 
used being the Napier Sea Lion of 550 h.p., the Isotta 
of 1,150 h.p., and the Rolls-Royce Merlin of 1,100 h.p. 
These were all petrol engines, as no suitable Diesel 
engine was available, although a contract for the 
development of a light-weight Diesel engine had been 
placed in 1938. We had no suitable engine for this 
service and were forced to obtain our requirements 
from America, who supplied Packard 1,250-h.p. petrol 
engines; these gave excellent service throughout the 
war, but it mel quite indefensible to rely on such 
help again, and the development of a suitable Diesel 
engine has been put in han 

Even less development work had been done on 
landing craft between the wars than on coastal craft, 
although a prototype boat had been built with Gill 
jet-propulsion. For the earlier small landing craft 
of the 1939-45 war, engines were supplied from this 
country, but it was evident that requirements would 
soon grow beyond our capacity, and once again we 
had to get engi from America. For the se ag 
landing craft, a 500-h.p. engine was available ; 
later, when still higher-pow engines were required, 
@ unit consisting of two Paxman engines coupled to 
one gearing through oil-operated (S.L.M.) gears was 
developed and tested at the A.E.L. 

The possibility of using internal-combustion engines 
for propulsion purposes (generally in combination with 
steam rpeay bi the internal-combustion engines being 
intended only for cruising purposes and to be discon- 
nected at higher powers) in other than submarines and 
small craft had been considered from time to time. 
Most of these plans came to nothing, but in 1927 an 
experiment was carried out in the minelayer Adventure, 
two Diesel-electric units being fitted for cruising pur- 
poses with separate steam engines for higher powers ; 
the experiment was not successful owing to the high 
maintenance of the Diesel engines. The only other 
naval ship fitted with Diesel-engine propulsion was the 
submarine depot ship Medway, the main engines being 
of the heavy slow-running type, similar to those 
— in merchant ships. 

arious t of engines were tried at the A.E.L. in 
the hope of finding an engine which would be reliable 
enough for warships and within an acceptable weight. 
These were not successful, but progress in the submarine 
field gave greater confidence in the Diesel engine, and 
in recent years commercial Diesel engines have been 
fitted in two Bangor minesweepers and in some 
Admiralty tugs and have given good service. Diesel 
generators have been fitted in warships for many years, 
but experience during the 1939-45 war stressed their 
importance, icularly in ships damaged by enemy 
action, and the latest policy is to extend their use to 
all classes of ships and inerease the proportion of the 
electric load carried by the Diesel units. Unfortunately, 
many of the Diesel engines used in the larger units 
are too heavy, and there is an urgent need for the 
development of lighter and more reliable engines for 
this service. 

In view of the advantages gained as a result of the 
change from reciprocating steam engines to steam 
turbines, it was only natural to look forward to a similar 
advance from the reci ting petrol or Diesel engine 
to the gas turbine, and close contact was maintained 
with developments in all parts of the world. Develop- 
ment of a free-piston compressor unit and a gas turbine 
was actually started at the A.E.L. in 1940. With the 
success which attended the work of Air Commodore 
Sir Frank Whittle on the jet ine for aircraft, it was 
realised that the time was ripe for the development of 
the marine gas turbine, and a simple full-power unit 
was ordered at once in order to gain practical experience 
in the running of the gas turbine under marine condi- 
tions. The simplest and quickest way to achieve this 
object was to take an existing boat and replace one or 
more of the reciprocating internal-combustion engines 
by gas turbines, leaving the remaining reciprocating 
engines for low-power operation, mancuvring, etc. ; 
by this means the gas turbines had to be designed for 
maximum efficiency at full-power only, and we avoided 
all problems of reversing, etc. The experiment was 
carried out in M.G.B. 2009 in the summer of 1947 
and was successful. This craft will continue to be run 
experimentally, and it is hoped will provide much 
useful information on the practical running of the gas 
turbine; two — hs of the turbine are repro- 
duced in Figs. 11 and 12, on this page. In the mean- 
time, the development of other marine units is proceed- 
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been given to the usual naval requirements of reliability, 
— at all powers, and durability on a reason- 
able weight and space basis. The problem of reversing 
has not been overlooked, and the possibilities of the 
variable-pitch reversible propeller are under investiga- 
tion. 
In the 1939-45 war as in the 1914-18 war, the machi- 
of our warships did all and more than was expected 
of it. It may be of interest to mention some of the 
problems. e Pes spent at sea, particularly 
during the Pacific operations, and the distances 
steamed by the convoy escorts were so much ter 
than had been anticipated that we had to fae: wed 
improved methods for fuelling and provisioning ships 
at sea. In the Pacific, the scene of tions was so 
far from the nearest dockyard that it was essential to 
provide facilities for the docking, repair, and main- 
tenance of the ships of the Fleet in a more forward 
position. The possibility of erecting an advanced 
shore base was considered, but the final decision was 
to wee a floating base, and from this grew the 
“ Fleet Train,” an assembly of floating docks, repair 
ships, special maintenance ships for the various classes 
of ships, store ships, ammunition ships, tankers, 
accommodation ships, and large numbers of harbour 
The long periods at sea under war conditions put a 
strain on and as a result of the work done 
by a committee of medical and technical officers, 





ing, units in the design of which full consideration has 





various modifications were carried out to improve 
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Fig. 12. Gas Tunsine ror M.G.B. 2009 rrom Gzarine Enp. 


conditions on board; air-conditioning was provided 
in certain compartments, the numbers of domestic 
refrigerators, ice-making machines, etc., were increased, 
and laundries were installed in the larger ships. 
Machinery spaces, although well ventilated, were very 


hot, and action was taken to improve ing, and to 
eliminate sources of heat wherever ible, as in the 
turbine-gland evacuation system a ly mentioned. 


It was equally important to improve living conditions 
in harbour, and two amenity ships were added to the 
Fleet train; the Engineer-in-Chief’s department had 
the unique task of working with a British brewery firm 
to develop the first marine beer-making machinery for 
installation in these ships. 

At the other end of the temperature scale, the ships 
employed on the Russian convoys were subjected to 
cold-weather conditions more severe than anything 
anticipated in the rey stage, and special heating 
arrangements had to provided to prevent the 
freezing up of sea inlets, water and oil systems outside 
the machinery spaces, and upper-deck fittings. Shock 
damage was a new problem, and arose from the non- 
contact explosion of magnetic mines or from near misses 
by bombs; the damage was quite different from that 
resulting from contact explosions. A great deal of 
work was carried out to evolve a theory to explain the 
circumstances and to develop methods of preventing or 
telucing damage in future incidents. Actual e: i- 
ments were carried out on an old destroyer to check 
our theories and to prove our curative measures. 
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Aatiot Ironing, fenppnont: the xe side fo, shiey-te a 
gra aad extent — had eee and much 
ut into arr. ments 

i in in was pu aces ghting arrange 
—— ‘ Sooaidment invariably arise for new 
t ahi, either to upper some operational plan 
arden the “X” craft which attacked tke 
Tirpitz in a Norwegian fiord),.or to counter some new 
— device - we example, o~ 8.G.B: designed to hunt 


= wage sy e German E boats). The 8.G.B. 

vided the design departments of the Adniralty got pel 
interesting problem. From the machinery aspect, 
lightness was the essential requirement, and we 
developed a steam unit with a total weight of machinery 
of 49 tons for a power of 8,000 shaft horse-power—about 
half the specific weight of normal destroyer machinery. 
Another interesting design was in connection with the 
machinery of the light fleet carriers built d the 
1939-45 war. The hulls were on mech wert my A 
and a twin-screw arrangement was fitted, with the 


At the height of the Battle of the reer the 
Naval Staff stated that required 200 escort 
vessels in the shortest possible time. This requirement 
arose at a time when the shipbuilding and 
firms were fully employed on the pom eta = et 
and essential merchant sh ps, and it was evident that 
they could not undertake this additional work. It 
was, therefore, decided to fit the simplest kind of 
machinery, consisting of reciprocating engines and 
Scotch boilers, and s'mple reciprocating auxiliaries. 
The man engines were made by some 34 firms, many 
of whom had never built a marine engine before ; 
boilers and auxiliary machinery were made by the 
recogn sed makers; all shafting, piping, valves, etc., 
were ordered and distributed by the Admiralty, who 
were also responsible for the distribution of the larger 
machinery items to the shipbuilder as and when 
required for installation. It was a very creditable 


performance by all concerned. 
Apart from the gas turbine, there has been no 
outstanding change in the types of propulsion machinery 


in uno in warships, but I hope 1 hove chown that there 
have been quite appreciable advances in all fields. 
One of the major hindrances to progress has been the 
emphasis on weight-saving, imposed by the Washington 
pine A agp d is a compromise and it is only 
gece on cio Sap Hiaiate 6S ie SHPRNTD es Stee 

since 1922, the ruling principle has been that 
saving in weight is of primary importance and greater 
even than efficiency. Any such limitation is greatly to 
be deprecated, and it is to be hoped that, in future 
designs, reliability, efficiency, and durability will be 
the primary objective, while the weight and space are 
awe to the minimum consistent with maintaining the 

best overall design of the ship as a fighting unit. 
" advance penne in oe - ition 
of the Snel soges gongnemnan a ly possible if adequate 
facilities are available for research and i agp 
and for shore testing of new types of machinery and 
equipment. No one can say when or how nuclear 
power will affect the machinery of ships, but it is evident 
that plans for the immediate future must be made 
now, and without considering what may happen should 
nuclear ogee become a practical proposition for the 
propulsion o 


Tris considered that the steam engine will remain the s 


main propulsion unit for major warships for some P imac 
to come; the Diesel engine will become or all 
small craft and may even become available for smaller 
warships by the gearing of a number of units to one 
shaft. The gas turbine may well fill the gap between 
the above two, but it is too early yet to say whether or 
to what extent it will replace either the steam or 
the Diesel. For the steam engine, it is probable that 
pineal iy <paeinnad Be saedead sant rede 
tions, but it seems unlikely that the very high steam 
conditions used in shore stations can be use aly em- 
ployed at sea. The whole question of optimum steam 
conditions for marine plant, including the provision for 
astern power and the best arrangements as regards 
steam and exhaust from auxiliary machinery, needs 
most careful and th h examination. 

It is probable that future developments of internal- 
combustion for naval service will aim for greater 
reliability, lightness, and a degree of standardisation ‘n 
order to reduce the number of types, and so simplify 
production, maintenance and . For the 
gas turbine, much development work lies ahead 
particularly in the combustion arrangements, as, if 
these units are to be fitted in , the fuel used 
must be the normal furnace fuel, as used in boilers. 





INSTITUTE OF METALS.—The Council of the Institute of 
Metals have resolved to suspend the entrance fee for 
intending members for a period of two years from 
January 1, 1949. Applicants for membership should 
address their inquiries to the secretary of the Institute, 
at 4, Grosvenor-gardens, London, 8.W.1. 





THE BROOKHIRST-PEARSON 
VOLTAGE-REGULATING ‘SYSTEM. 


Tae Brookhirst-Pearson system now 
being manufactured by Messrs. Switchgear, 
Limited, Chester, has been developed as the result 
of experiments made during the war to obtain an 


The system i a vibrating telay, by means 
of which resistance is very rapidly inserted in or rem 
from the exciter or auxiliary exciter circuits of the 
generator, as in the well-known Tirrill , and 
an electronic valve which enables increased sensitivity 
and response to any y changes in voltage to be obtained. 
The maa is of the spring-loaded polarised type, with a 
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permanent magnet and an operating coil. Its moving 


member, or tongue, is to vibrate at a uen: 
of from 30 to 50 cpa wtb with a be pee | 
amplitude and in so doing to impinge against a fixed 
contact. The closing of the patrons contacts in this way 
short-circuits a resistance in the exciter circuit; and 
the mean current flowing in the latter is thus a function 
of the time the contacts are closed during each vibra- 


can be altered by applying current to the coil, so that 
the ratio between the times during which the contacts 
are closed or open in each cycle can ve varied. This 
enables the exciting current to be altered from zero up 
to the maximum permitted by the relay. 
Fig. 1 is a diagram sho how the system can be 
to stabilise the voltage of a direct-current 
. From this it will be seen that the coil a of the 
relay is connected across the mains through the resist- 
ance b. One contact c of the relay is connected to the 
positive ma‘n, while the other, d, is led h the 
Pajustable resistance e to the field coil f of the exciter- 
booster g. This exciter supplies the ropa poet are 
ator through the adjustable resistance i 


tion. The centre of oscillation of the vibr vibrating system | by 








way. When the WA soya voltage falls, hy consien 
flo thro a decreases, and the contacts c and 
d together by the action of the relay 





es The time, during which the contacts are 
during each cycle of vibration is therefore 
increased, as is the mean current wh ch flows through 
them. Consequent'y, the exciter voltage rises thus 
strengthening the generator field and, in turn, increasing 
the generator voltage. On the other hand, if the 

increases above predetermined 


generator voltage a 
value, the relay contacts will move apart, ow'ng 


exceptionally steady v from a direct-current; to 
generator. It can be used to stabilise the voltage) the current in the coil a increasing ; end theo Ape 
of alternators and to control the speed of direct-current ae eg Aa et dete cle will therefore 
motors, Ward-Leonard and shafts driven) decrease. The exciter voltage will and, in turn, 
aie eddy-current clutc the generator voltage will decrease. To ensure that 


the relay contacts are maintained in vibration, a con- 


oved| denser & is connected in circu't in such a way that its 


charge is increased when the current in coil a falls and 
the contacts c and d close, so that the resistance e is 
short-circuited. The ee increase in the exciter 
vol incréases the charge of the condenser k and cur- 
rent from it then flows, as shown by the dotted arrows, 
through the coil a in the same direction as the operating 
current, which is indicated by the full-line arrows. This 
increase in the current in the coil causes the contacts c 
and d to open, with the result that the resistance e is 

again inserted in the circuit, The exciter voltage 
therefore falls and the condenser & is now discharged 
through the coila. As, however, this discharge current 
pm the operating current, the net current in the 
co a is decreased and the contacts c and d again close. 
This cycle is repeated indefinitely, thus mame the 
necessary vibrating action. The presence the 
condenser also has a general stabilising effect on the 
operation of the regulator. 

The sensitivity of the relay and of the whole system, 
which is otherwise limited by the long time constants of 
the field circuit, can be increased by inserting an ampli- 
fying triode of the MH4 type in the r lay circuit, as 
shown at / in Fig. 2. ee ee See 
valve is obtained from the "bus bars as indicated, or 
from a separate source, while the ieep fl ctuations 
are applied between its grid and cathode through a 
rid the battery, the object of which is to give the 

necessary negative potential relative to the 
og The "The filament-heating current can be derived 
aay from the or from a se source. 
When this cesengemen? (9 <anle.0-Sigwn en 7p ie 
oprd’ voltage increases the negat ve potent'al of 
rtionate amount, which is drawn from 
the the potential divid vider m. The anode current, which 
flows through a operating coil of the eee is thus 
reduced and consequently the exciter and generator 
voltages rise for the reasons already described. Except 
momentarily, when major changes in load occur, it is 
possible in this way to increase the sensitivity of the 
regulator from +0-5 per cent., which is the maximum 
ible when the relay is used alone, to +0-1 cent. 
Phis is shown in Fig. E sAies fn sesoal ofa dts 
on a 4-kW 100-volt direct-current generator. The 
point marked a on this curve shows the alteration in 
the voltage which occurs when the load is applied in 
four-ampere stages, and that marked shows the effect 
when the load is removed in a similar way. Point c 
shows the effect when a load of 10 amperes is applied 
suddenly and point d the effect of suddenly palin 
off the same load. 

In order to prevent an excessive rise in generator 
voltage should a fault develop in the valve or relay 
(thus causing the _ contacts to remain entl 
closed) an excess voltage relay n is included in the 
circuit, as shown in Fig. 2. This relay will trip when 
the generator voltage rises above a predetermined 
value, with the result that resistance e will be inserted 
in c'reuit and the voltage will be reduced to a minimum. 
This relay also comes into operation while the valve / is 
heating up during the starting period. Normally, 
there is no visible Ty vet at the relay contacts and the 
wear is consequently very small. A switch 0, which 
should be reversed occasionally, is included in the circuit, 
however, to prevent any transfer of metal from one 
contact to another, such as might occur during long 


Perio Decckbiedt Poazeon tegideter cam alts tbe‘ wind 
for stabilising the ioe of a direct-current generator ; 
or at the terminals of a direct-current supply system 
connecting a booster driven by a se motor in 
one of the lines. The field of this is then 

by an exciter, which is provided with a 

tor arranged so that a positive boost is given 
when the exciter voltage is low anda negative boost when 
the excitation is at ts full value. In this way, regula- 
tion can be effected within +0-1 per cent., while much 
larger outputs can be stabilised than would be possible 
were the ve controlled directly. The voltage 
of single- and polyphase alternators can be 
stabilised ge connecting a rectifier or ro’ converter 
between the aihicustine current "bus bars an 
the valve shown at / in Fig. 2. A direct-current 
potential, which is proportional to the alternating- 
current voltage, is thus imposed upon the grid-bias 
battery and variations in it are used to — the 
regulator in the way already described. In this case, 
the high-tension supply for the valve can be obtained 
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speed of direct-current motors, a permanent-magnet 
rator, the vol of which is strictly proportional to 
its speed, is used. This generator is permanently cow 
so ine esther thot ta to eepteehndiond ta tnoealities 
so that the latter tends to stabilise the voltage at its 
. terminals and in this way to maintain the motor speed 
constant. As it s necessary to increase the field current 
. in order to reduce the motor. speed, the exciter is 
connected so that it gen rates a voltage in opposition 
to the supply voltage, i.e., it acts as a negative field 
boo.ter. The relay has also to be 
increase in beim current (such as is caused by a 
reduct on in s ing the tive grid bias) 
Spe fp eet Sears, he mete ore 8 


ther, thus inc 
the exciter vol and reducing the field current. 
When .the Brookhi tor is used to 


con‘rol the speed of a Ward-Leonard system the anode 
current of the valve is drawn from an independent 
source, owing to the fact that the generator voltage is 


The arrangement shown in Fig. 1 can be applied to 
direct-current machines with outputs up to about 
90 KW and to alternators of the same capacity with the 
addition of a rectifier in the control circuit. Direct- 
current outputs up to 500 kW can be controlled by 
connecting a booster in one of the lines as described 
above, while still larger machines, including alternators, 
can be controlled by the addition of a pilot exciter, 
the excitation of which is a ae from an exciter 
booster which is, in turn, controlled by the relay. 





NOTES ON NEW BOOKS. 


The Beginner's Guide to the Lathe. By Purotvan 
; MARSHALL, revised by Epcarn T. WestTBuRy. Percival 
Marshall and Company, Limited, 23, Great Queen- 
street, Kingsway, London, W.C.2. [Price 3s. 6d. net.] 
ESSENTIALLY an introduction to the centre lathe of the 
size and type to be found in the small workshop, this 
book makes no pretence to go beyond the simpler details 
of lathe work. It should be of interest and assistance 
to any who are about to make their first serious 
acquaintance with the tool, and covers a range from 
the simplest lathes to Di a motor-driven back-geared 
screw-cutting types. ir advantages are discussed, 
and the so essential accessories considered. An 
explanation of the hand-turning of wood and metals is 
followed by a c 
with the aid of the slide-rest. cutting is consi- 
dered to be beyond the ~ the book. Most of the 
illustrations are good, but that of a compound slide-rest 
on page 71 is unfortunate in two respects : a top carri 
with tool post is shown so exactly in its centre position 
that, to the uninitiated, it may —, to be solid with 
the traversing carriage, leaving the top slide to run 
uselessly through the whole; and the tool set in the 
tool holder has half its length projecting forward in a 
manner quite at variance with the sound advice on 
page 76, where it is laid down that as little as possible 
of the tool shank should project. The point is the 
more important because this is the only illustration 
which shows a tool in position in the slide-rest. 





Tank Museum Guide: An Illustrated Record of the 
of the British Tank. Part I, 1914-19138. 

[Price 1s.]. Part II, 1919-1939. [Price ls. 6d.]. 
R.A.C. Publications, Bovington Camp, Wareham, 


Exutsits at the Tank Museum, Bovington, were 
ispersed during the war, but have now been re-assem- 
bled. The Tank Museum Guide is to be published in 
four parts, of which the first two, covering the 1914-18 
and 1919-39 periods, are now available; Part III will 
deal with the 1939-45 period and Part IV with 
Armoured Cars. The booklets, however, are more 
than guides; they constitute a short history of the 
development of British tanks (presumably Part III 
will also refer to American tanks used by the R.A.C.), 
thus they may be read with profit by anyone unable 
to visit the Museum. The idea of a mechanically- 
led armoured vehicle with guns was not new, 

even in 1914, but it was not until about that time 
that the petrol engine made it a practical proposition. 
“In 1912, ‘and again in 1915, Mr. E. L. de Mole, who 
served as a private in the Australian Imperial Forces, 
‘submitted a drawing of a proposed endless track 
vehicle to the War. Office. It is interesting to note 
that the tracks sloped up at the back, as well as the 
front—anh arrangement which eventually became almost 
universal, but during the 1914-18 war it was not 
adopted to any great extent. Unfortunately, Mr. de 
Mole’s design “‘ was pigeon-holed, although it was 
officially admitted that it would have made a better 
‘machine than that which went into action at the 
Battle of the Somme.” A reproduction of the drawing 


so that an} been 


hapter on turning, boring and facing | i 


and ‘in retrospect ‘it seems to be as good as could be 
expected, when due allowance is made for imonious 
financial and moral support and for the difficulty of 
developing satisfactory modern wea of war without 
experience of modern war. Part II includes illustra- 
tions of some of the experimental tanks which Lieut.- 
General Sir Giffard Le Quesne Sees eam Snatabe 
Carden produced on their own initiative, but ortu- 
nately none has survived to be brought to the Museum. 
Neither have examples of some of the official designs 
and although future policy in this connec- 
tion is a matter for the War Office to decide, “‘ private 
enterprise,” however, can help with gifts or loans to the 
Documents and Relics Section, which the Curator of the 
Museum would welcome. 





La Machine Locomotive. Manuel Pratique Donnant la 
Description des Organes et du Fonctionnement de la 
Locomotive a UUsage des Mécaniciens et des Chauf- 
feurs. By Epovarp Savuvace and Annr& CnaPEton. 
Tenth edition. Librairie Polytechnique Ch. Béran- 
ger, 15, rue des Saints-Péres, Paris (VIe). [Price 
950 francs.]} 

In the tenth edition of this book the excellent work of 

the late Mr. Sauvage is carried on by Mr. Chapelon, 

whose locomotive developments are well known 
throughout the railway world. The first edition 

app in 1894, and since then the book has been a 

valuable guide to French drivers and firemen. It 

should also prove of interest to locomotive engineers in 
other countries, especially because it contains over 

500 illustrations, mostly drawings of components. 

There is an introduction incorporating a brief b history 

of locomotive development, a résumé of elementary 

mechanics, the resistance of trains, the theory of com- 
bustion, ete.. Then follow o on the boiler; the 

steam engine proper; the es, i 

wheels; various types of locomotives, running and 

stati tests ; tenders; brakes ; locomotive opera- 
tion ; and locomotive maintenance. 


Railway Wagon and Tank Construction and Repair. B 

F. Ocpswx. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. [Price 
18s. net.] 

RatLway wagon construction in Great Britain, it seems 
is a very conservative branch of engineering. Thus 
the author of this book has no difficulty in tracing the 
development of wagons from chaldron wagons, through 
the several Railway Clearing House ifications, to 
present-day practice. If the emphasis is mainly on 
the older standard designs it is because the author is 
a practical man accustomed to iring wagons that 
reap ghana adie Fase y e€ commences 
with a cha; on the use of tools and special 
agentes tools, and then describes, step by step, 
the i work of constructing, repairing and 
rebuilding. The “ tank ” of the title refers, of course, 

otherwise the 


to tank wagons, book deals almost 
exclusively with standard mineral wagons. The 
last chapter is on wheels, xes and bearings. The 
author has written not for desi but for tradesmeh 


and @ tices, to whom the rule-of-thumb style 
should be useful. We understand that no other book 
on this subject is available. 


Modern Timber Design. By Prorgesson Howarp J. 
Hansen. Second edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 4.50 dols.]; and Chapman and Hall, 
Limited, 37, Essex-street, London, W.C.2. [Price 
27s. net.] 

TrmsBeEr construction has not been used extensively in 
this country for a number of years and is hardly likely 
to return to general favour since it involves the employ- 
ment of imported materials ; but there are still various 
overseas countries where timber is the material most 
readily available and, therefore, there is still a field 
for a concise text-book on the subject. This is pro- 
vided by Professor Hansen’s book, originally published 
in 1943 and now brought up to date by the incorpora- 
tion of the recommendations of the National Lumber 
Manufacturers’ Association, as embodied in their 
National Design Specification for Stress-Grade Lumber 
and its Fastenings. The manual may be read in con- 
junction with the same author’s Timber Engineers’ 
“Handbook, which we reviewed on page 123,. ante, 
though it is not essential that the user of either volume 
should be in possession of the other ; in fact, as Pro- 
fessor Hansen. states in his preface, Modern Timber 
‘ ign contains “all the — ans gg pal posses, by 
the practising engineer,” the larger Handboo ing 
a Re urea to it. As in the case of the larger work, 





is included in Part 1, h traces the, war-time 


F.BI. Register of British Manufacturers.—The 
Federation of British Industries, 21, Tothill-street, 
London, 8.W.1, have recently issued the twenty-first 
edition, that for 1948-49, of their Register of British 
Manufacturers. This is a volume of 752 pages divided 
into five main sections.. The first deals with “ Products 
and Services” and contains the names of all the 
members of the Federation, classified under upwards of 
5,000 -headings to help the reader in his search for 
sources of supply. The second section is devoted 
to illustrated publicity matter furnished by member 
firms, while the third is an alphabetical directory 
of these firms. The particulars given in the section 
comprise name and address, of products or 
services, telephone numbers, telegraphic addresses, 
and, in many cases, information regarding branch 
offices, overseas agents, subsidiary companies and the 
like. The fourth section contains a list of members’ 
brand and trade names, arranged alphabetically, 
while in the fifth section are set out the registered trade 


marks of members according to trade cate- 
gories. Shorter sections deal with the aims and 
activities of the Federation and its regi and over- 


seas organisations. To facilitate erence abroad, 
certain notices and directions are given in French and 
Spanish as well as in lish. cp eg 
the volume is obtainable from the Federation, from 
Kelly’s Directories, Limited, 186, Strand, London, 
W.C.2, or from Messrs. Iliffe and Sons, Limited, Dorset 
House, Stamford-street, London, 8.E.1. The price is 
42s. net (postage, inland, Is., and overseas le. 6d.). 
Guide to Broadcasting Stations, Fourth Edition.— 
The new edition of this guide gives details of the 
three hundred medium- and long wave European 
broadcasting stations, and eleven hundred short-wave 
stations of the world, which were in operation on 
September 1, 1948. These stations are tabulated both 


and ically and in order of frequency, and all the 
geogra 


information been checked i uency 
measurements made by the British Broadcasting 
Corporation at Tatsfield. The list of medium-wave 
stations does not conform completely to the Lucerne 
Plan, which is still - operation, but gives the — 
cies at present emplo in the European area. In 
the case of siden came, both the frequencies 
employed and those allocated are listed. The booklet 
also includes a revised list of the Fee oar call 
signs adopted in Jan , 1949 ; world time constants ; 
wavelength- rong bleten tables; details of 
European television and frequency-modulated stations, 
and ial service stations. It is interesting to study 
all this information, and the booklet should be valuable 
both in the trade and to the ordinary listener, as it 
will assist in station identification and in supplementing 
the usual m information on the receiver dial. 
It is a pity, therefore, that it has not been found 
possible to make it complete by the inclusion of the 
times each day during which the stations transmit. 
The guide is published by Messrs. Iliffe and Sons, 
imited, Dorset House, Stamford-street, London, 8.E.1, 
at the price of ls. net. 

Fowler’s Architects’, Builders’ and Contractors’ Pocket 
Book.—In the third edition of this pocket book, pub- 
lished in 1944, the scope was extended by the addition 
of a section dealing with town planning and various 
other Government activities which impinged on the 
interests of the building industry. It was stated that 
if the new material found “ general tance among 
our readers,” it would be expanded in later editions. 
Evidently this extension of the scope of this pocket 
book has proved valuable and the fifth edition, which 
has just been published, contains a long section des- 
cribing the nature and purpose of the Town and 
Country Planning Act of 1947 and giving particulars 
of the official and semi-official technical publications 
issued in recent These include the various 


years. 
war building studies and manuals P by the 
inistry of Health and the Ministry of Works. . Most 


industrial activities are now hedged about with con- 
trols and regulations, but building is perhaps subject 
to more than its fair share and this guidebook to the 
many publications with which those who build are 
required to be acquainted should prove of much value 
to each of the classes of worker named in its title. “This 
addition of what may be called administrative material 
has not altered the essential character of the work, 
which is that of a technical pocket book. Of the 1,085 
pages, 896 are given up to data and instructional matter 
concerning ding construction in brick, masonry, 
timber, steel and concrete; plumbing; decoration ; 
heating ; lighting; and the various other items which 
go to make up‘a finished building. There is also a 
section of some 30 pages dealing with building by-laws. 
It will be a convenience to many users to have these 
available for ready reference. The ket book is 
eet by the Scientific Publishing Company, 316, 





the manual under. review is. clearly. and concisely 
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THE FRICTIONAL 
BEHAVIOUR OF 
ENGINEERING MATERIALS. 


By R. C. Parker, B.Sc., F.Inst.P., Ph.D. 
(Concluded from page 196.) 


FRICTIONAL materials used in brakes, clutches, 
bearings, stair-treads, and similar applications have 
usually a life of several years. Months may elapse 
before the friction coefficients become stable, so 
that the laboratory assessment of a material may 
have to be greatly accelerated. The practital 


artificial cooling. Satisfactory cooling is, unfor- 
tunately, extremely difficult to achieve, for it must 
aim to maintain, Over successive brake applications, 
a true reproduction of the temperature-time relation 
occurring in practice. Since in a brake application, 
which may last only a second or two, the tempera- 
ture rise may be some hundreds of degrees Centi- 
grade, this problem, in itself, requires considerable 
research. If the friction ofa material is insensitive 
to temperature, this technique of decreasing the 
braking cycle is not objectionable. 

In illustration of the time required for stabilisa- 
tion of friction, and hence the need for accelerated 
tests, Table III shows the stopping time for four 





successive series of 25 brake applications on a pair 


10. TYPE A (NON-METALLIC WOVEN) 





11. TYPE B(MOULDED) 
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application of a material may involve constant or 
intermittent use. If the former, as may occur in 
friction drives, a test can only be accelerated by 
using abnormal conditions to hasten stabilised con- 
ditions. Such a procedure involves stresses of a 
type, or of a magnitude, foreign to normal usage, 
and their ultimate effect on friction cannot be fore- 
cast. Gross defects, however, can often be detected, 
although frequent correlation is necessary with long- 


term service tests. When use is intermittent, a test 


can be accelerated by merely decreasing the rest 
intervals. The brake of a colliery hoist may rest 
for minutes between each application, whereas 
seconds may suffice for a test rig. A brake is 
normally designed to‘run at its maximum capacity, 





30 that more frequent applications will demand 





Number of Brake Application 
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of brake blocks that had been previously subjected 


to extensive “running-in.” Similarly, many pro- 
prietary brakes tested on the constant-torque 
machine have required over 3,000 brake applications 
before the friction has been reasonably constant. 
In the above brake-block tests the kinetic energy 
dissipated was 1-4 x 105 ft.-lb., the velocity 33-5 
m.p.h., the cycle 80 seconds, and the thrust on each 
brake block, 2,240 Ib. 

With the preclusion of scaled-down tests, there 
remains service or full-scale laboratory tests. Neither 
is without disadvantages. The conditions of normal 
service seldom permit the many variables to be 
controlled, while if facilities are afforded for a special 
service test it can rarely be continued for long. 
Furthermore, safety regulations curtai] the scope 


of a test, and for this, and other reasons, service 
tests can rarely be conducted under accelerated 
conditions. For example, a train in normal service 
does not afford a satisfactory means of testing a 
brake block, because axle loads, the train velocity, 
and track conditions are subject to chance variation. 
A special test on an isolated section of a line may, 
however, afford an excellent final assessment of a 
block material (always provided the weather con- 
ditions are suitable), but relatively few braking 
applications may be made in a working day. In 
full-scale laboratory tests, on the other hand, it is 
possible to effect a closer control over many of the 
variables, and, by installing automatic devices, 


TABLE II].—Time Required for Kinetic Coefficient 
of Friction to Reach Equilibrium. 











Brake Application Number 
Series Stopping Time. 
(Sec.) 
No. 1. | No. 2. | No. 3.| No. 4, 
1 26 §1 76 12-9 | 15-6 | 16-6 6 
W 34 59 84 19-7 | 21-5 | 22-4] 27-6 
17 42 67 92 21-4 | 26-2) 20-9) 31-3 
50 75 100 24-1 | 29-4) 82-5 














tests can be made repeatedly over a long interval 
without interruption. The control of all the 
variables may often be difficult, but rarely impossible 
provided opportunity is given for research. The 
difficulty of matching surface temperature has been 
referred to, and in the case of railway blocks there 
may be some difficulty in reproducing the effect of 
the rail on the tyre surface. When one or more 
variables remain out of control it is customary to 
use the laboratory for the preliminary tests, pro- 
ceeding, where possible, to a special service test 
for the final establishment of behaviour. 

The value of service and laboratory tests ulti- 
mately depends upon the choice of a representative 
test programme. Brakes and clutches, for instance, 
are subject to a never ending variety of conditions, 
which, contributing to the history of a material, 
will determine the course of friction variation. 
Thus, a test on a car-brake lining may begin with 
brake applications of moderate duty which are 
continued until the friction coefficient stabilises. 
The question next arises as to the result of increasing 
the severity of braking as may occur On a road either 
through an emergency, or in a mountainous country. 
It may be observed that such an application changes 
the characteristics of the lining, so that it is difficult 
to decide on the length of test. If too long, the 
material will be destroyed, if too short, the worst 
road conditions will not be duplicated. Even with 
only one severe application, a return to moderate 
conditions will often reveal a change in friction 
from the previously stabilised condition. What 
then is the true value of the friction? What test 
conditions should be used, and in what order ? 
There are no answers to these questions so long as 
the coefficient of friction depends s0 critically on 
operating conditions. These difficulties are not 
confined to the laboratory, for differences in drivers’ 
habits will cause one to reject a material that 
another has approved. 

The length of service tests has been responsible 
partly for a widespread neglect of the scatter in 
friction from sample to sample. A brake manufac- 
turer, appreciating the need for a long test, will 
spend many months evaluating a series of linings 
yet fail to test more than one set in each quality. 
To illustrate the errors that may be involved, 
Figs. 10 and 11 show the results made on two quali- 
tiesof proprietary brake lining tested on the constant- 
torque machine. Six samples were tested in each 
quality. The scatter for sample A is rather better 
than average, and B is worse. The following data 
apply to tests plotted in Figs. 10 and 11: total 
kinetic energy dissipated 1-35 x 105 ft.-lb., equiva- 
lent velocity of car 60 m.p.h., deceleration 50 per 
cent. g, and cycle time 40 seconds. It is frequently 
observed that a material which is relatively inde- 
pendent of temperature, i.e., A, is also less subject to 
variation, among different samples. The other 
common characteristic, namely, instability of fric- 
tion, is illustrated in Fig. 12, which refers to four 
series of 12 brake applications that were made after 





@ rupning-in period, The brake, e 12 in. by 2 in. 
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proprietary one, was fitted with its standard linings. 


| friction. Where variables cannot be immediately 


With these two final examples, the capricious nature j duplicated, the conditions affecting them must be 


of friction needs no further emphasis. In these 
tests, the total kinetic energy dissipated was 
97,500 ft.-lb., the “car” velocity 50 m.p.h., the 
deceleration 30 per cent. g, and the braking cycle 
time 1 minute. The brake was cooled to room 
temperature between each of the four tests. 

The principles which should be adopted in the 
design of full-scale test machines can now be 
briefly given without the need of further comment. 
Firstly, a test machine should reproduce, as closely 
a8 possible, all known vanables which may influence 





jmade flexible to facilitate research into their 
behaviour. In the case of surface temperature, 
for example, flexible conditions of heating and cool- 
ing must be provided. In any case, flexibility of all 
controllable variables is desirable to meet the de- 
mands of accelerated or other special tests. Because 
friction coefficients are subject to appreciable scatter, 
and because they only approach their equilibrium 
values slowly, provision should be made for auto- 
matic operation and automatic recording. In most 





cases, the saving in Jabour costs effected by auto- 


ConstTant-Torqvue InertTIa-TyPE Test MAcuINe. 


| matic control will amply repay the required addi- 
tional capital and installation costs. When it is 
required to compare the coefficient of friction of a 
large number of materials, it is frequently advisable 
|to measure friction under conditions of constant 
| torque, since by this means the rate of energy 
| dissipation, and hence the rate of evolution of heat, 
| is maintained constant. The only variable, in fact, 
| is normal pressure. Testing under conditions of con- 
| stant normal pressure, as is usually done, gives, for 
| accelerated types of tests, four variables, namely, 
| stopping time, stopping distance, torque, and rate 
| of energy dissipation. To achieve constant torque, 
| some servo device must be fitted to vary the normal 
| pressure in sympathy with the variations in friction, 
|as instanced in the case of the constant-torque 
| machine referred to in the Appendix. 
| From the above-mentioned tests it may be con- 
| cluded that Amontons’s Law is invalid for the duty 





| under which a frictional materia] is normally used | 


}in engineering, and both the static and kinetic 
| coefficients of friction for any given material may 
| vary widely. The kinetic friction is particularly 
| sensitive to high surface temperature generated at 
| the real areas of contact, to contaminating films, 
land may vary with the area of contact. The 
| measurement of friction, for the selection of a 
frictional material to a particular application, cannot, 
jin general, be made on a scaled-down apparatus. 
Service, in conjunction with full-scale laboratory 
tests, affords a fairly satisfactory, though expensive 
solution. Even here, however, accelerated tests 
may demand considerable specialised research, while 
the choice of a representative test programme is 
complicated by reason of the dependence of friction 
on the past history of a material. It is therefore 
stressed that friction specification tests, such as are 
occasionally drawn up by manufacturers or other 
bodies, can only be misleading. 

That an enormous saving in labour and costs will 
follow once the behaviour of a frictional material 
can be forecast from a scaled-down test, is obvious. 
It is much less obvious, however, that any concerted 
action towards this goal is being made. To sit 
back and await the labours of academic research 
will not suffice, for the problems are too many and 
too difficult to expect an early solution. The prac- 
tical alternative is obvious, although it is either 
ignored or not consciously appreciated. It is to 
make, and use, materials which obey Amontons’s 





Law. Thet such materials can be approached is 
demonstrated by material A, Fig: 10, and by the six 
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materials of Fig. 9, page 195, ante. These materials 
are rarely considered of first importance by the 
manufacturer, and are not often sought after by the 
user. The reason is twofold, The first is that the 
advantage of such materials with respect to their 
testing and assessing is not appreciated, and the 
second is that the user, in demanding a frictional 
material to suit an existing device, rarely asks for 
constant friction. For example, when friction falls 
under some specific operating condition, a request is 
made for a higher all-round friction rather than for.a 
constant friction. Such obscurities are astonishingly 
prevalent. 

It is therefore urged that the variation to which 
friction is subject should be openly recognised by the 
manufacturer, by the user, and by the writers of 
text-books, The next step is for the manufacturer 
and user to co-operate prior to the design stage, 
and begin by agreeing on the desirability of constant 
friction. The manufacturer will then be able to 
concentrate on this requirement, and will doubtless 

uce a material having a sensibly constant 
kinetic coefficient of friction over a wide range of 
conditions, while the user will perhaps need to 
adjust his designs to accommodate a different level 
of friction from which he has been accustomed. The 
user may even have to modify his design, slightly, 
to restrict the range of operating conditions. 
However, irrespective of what compromises need 
to be adopted in the initial stages, once a goal with 
marked advantages is recognised, it will inevitably 
be achieved. Finally, mention may be made of an 
ancillary advantage of sucb a goal, and that is a 
sensible reduction in the numerous qualities of 
friction materials which the manufacturers at present 
market. 


APPENDIX. 


The large inertia machine in the Research Labora- 
tories of Ferodo, Limited, has been previously 
described by Parker and Marshell. It consists 
of a shaft which, driven by a 100-h.p. motor, 
carries two banks of flywheels, a railway wheel 
complete with a 36-in. diameter tyre, and an end 
faceplate on to which a car brake or clutch can be 
mounted. Hydraulic devices are used to apply 
the braking force and to record the tangential load. 
Mechanical means render the operation of the 
machine automatic. The speed of the machine and 
the associated energy are variable, the maximum 
energy being 4-2 x 10° ft.-Ib. at 1,000 r.p.m. 

The constant-torque machine, illustrated in Fig. 
13, opposité, is designed to measure the friction and 
wear of materials that can be fitted to a 9-in. 
diameter internal exp.nding brake. The machine 
consists of a main shaft which, driven by a 30-h.p. 
commutator motor, carries a flywheel at one end 
and a brake drum at the other. A subsidiary shaft 
carries a three-shoe non-servo brake, a spring 
restrained torque arm, and a hydraulic piston to 
operate the brake. A servo-motor maintains con- 
stant torque and connects the torque arm to the 
hydraulic piston. The variable quantity, normal 
load, is recorded hydraulically, or electrically, 
through a resistance strain gauge and amplifier unit. 
The speed range of the machine is 100 to 750 r.p.m. ; 
the deceleration range 30 to 100 per cent. g; and 
the interval between successive brake applications 
can be set at any value up to 120 seconds. At 
750 r.p.m., the kinetic energy is 1-3 x 105 ft.-lb. 
Automatic control is effected electrically. 

The standard machine was illustrated in ENGINEER- 
ING, vol. 151, page 326, (1941). Four 26-in. diameter 
drums of different metals are driven by a 50-h.p. 
direct-current motor to give a constant peripheral 
velocity of 1,000 ft. per minute. The test samples 
are carried on a torque arm and make contact with 
the drum under a load which is adjusted manually 
to produce a tangential force of 330 lb. An energy 
dissipation of 1 h.p. per square inch is thus main- 
tained for all materials. The normal load actuates 
& pressure recorder which is calibrated in terms of 
the friction coefficients. 

Fig. 14, opposite, shows the pad-test machine. 
It consists of a disc directly coupled to a 3-h.p. 
Ward-Leonard unit having a maximum speed of 
1,000 r.p.m. A torque arm, constrained in the 
plane of the disc, carries two samples, each with a 
bearing section 0-5 in. by 0-5in. Normal loads up 
to 100 lb. can be applied by hanging weights on to a 


lever arrangement that transmits the load to the 
torque arm also at a point in the plane of the disc. 
The torque arm is constrained by two symmetric- 
ally-disposed weights which are immersed in mer- 
cury. This latter arrangement gives stability with- 
out loss of sensitivity, and by generating the tung- 
sten-alloy weights from an exponential curve, a 
linear relation is obtained between the coefficient of 
kinetic friction and the angular displacement of the 
torque arm, 
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Alternating-Current Machines. By THomas C. MoFar- 
LAND. D. van Nostrand Company, Incorporated, 
250, Fourth-avenue, New York 3, U.S.A. [Price 
6 dols.); and Macmillan and Company, Limited, 
St. Martin’s-street, London, W.C.2. [Price 35s. net.) 

Tue author of this work is the chairman of the 
Division of Electrical Engineering at the University 
of California, and it has been written as a text-book 
for students. It is stated that most of the material 
it contains was at one time mimeographed for class 
work, so that it may be taken that the suitability 
and value of the method of presentation has been 
tried out in practice. Its subject is indicated by its 
title; it is not a general treatise on alternating 
current, and it is assumed that the reader has a 
knowledge of alternating-current theory. Allter- 
nating-current electrical engineering covers a very 
extensive field, ranging from some of the more 
abstruse branches of physics to the mechanical 
features of a turbo-alternator. It is frequently 
said that the training of students should aim at the 
inculcation of basic principles in order to form a 
background against which the applications of 
practice may be viewed and understood. The 
importance of a knowledge of principles will not be 
denied, but most students are likely to find pure 
theory divorced from practice a somewhat arid 
theme ; principles will be better grasped if some of 
their applications are explained and studied. 

All this is well understood, and ccurses in elec- 

trical engineering are concerned with the applica- 

tions of theories and principles which are dealt with 
in courses on physics. It must, at times, be difficult 
to decide to what extent consideration of the details 
of practice should form part of a student's activities. 
It 1s not the business of’ technical colleges to teach 
commercial design, but, none the less, useful appli- 
cations of fundamentals cannot be divorced from 
economic and workshop considerations. In its 
particular field of alternating-current machines, 
this book forms an admirable example of a course 
of treatment sufficiently detailed to link commercial 
practice with the physical phenomena on which it 
is based. In his preface, referring to synchronous 
machines, the author says, “ first, the construction 
and winding details are discussed in order to clarify 
the physical picture. Next, the constants of syn- 
chronous machines are defined, and methods of 
determining these constants are discussed.” This 
method of approsch is likely to give the student an 

intelligent conception of the relation between a 

machine as a physical entity and the electrical and 

other phenomena of which it represents a practical 
application. 

The main sections of the book deal with trans- 

formers, polyphase induction machines, synchronous 

machines, converters, single- motors, and 
alternating-current motor controls. Its method 
may be illustrated by brief reference to the first 
chepter on the single-phase transformer. The 
mechanical, electrical and constructional features of 
core-type and shell-type transformers are discussed, 
and a broad general description of oil and air-blast 
cooling arrangements given. On this basis, the 
principles of operation, resistance, reactance, per- 
formance, rating, commercial efficiency, parallel 
operation and cognate matters are dealt with. The 
section dealing with converters treats the subject 
more fully than is usual in a text-book. Mechanical- 
type converters and electronic-type converters are 
the subjects of different chapters. That dealing 
with the mechanical type is likely to prove of 
interest to many who have advanced beyond the 
student stage, as it covers its subject in considerable 








detail. After a brief reference to motor-generator 


sets, the synchronous commutator, the transverter, 
the Seyfert commutator, the Hartmann mercury-jet 
commutator, vibrating-reed converters and rotary 
converters are dealt with. The section on electronic- 
type is equally complete, but the information of this 
subject has been more frequently assembled. 
References to other books and to articles in engi- 
neering journals are given in connection with various 
matters, but their number has been restricted to a 
moderate figure. The masses of references some- 
times included in text-books confuse rather than 
help students. 





Process Engineering. By Wiliam H.Scuutr. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 4 dols.J; and 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 24s.] 

On opening this book, with its somewhat ambiguous 

title, the reader may be mildly surprised to find 

that the contents are about estimating. The pro- 
duction engineer has become so specialised that he 
not only has his own language, but gives special 
meanings to terms generally understood in other 
senses by engineers. However, Mr. Schutt has 
compiled a practical and useful book which avoids 
every sort of nebulous theorising and is packed with 
data for reference. The plan of the book is simple 
and to the point. After a few preliminary chapters, 
it consists entirely of a series of examples of manu- 
factured parts of varying complexity, for each of 
which the total cost of manufacture is worked out 
in detail. Roughly half the examples relate to 
power-press operations and the remainder to 
machining and assembling. The whole process of 
estimating is set out, from the drawing of the part, 
and al] the necessary formule for speeds and feeds 
of presses and machine tools are given. The method 
of example has, perhaps, the defect that the machine 
chosen for a particular operation may differ from 
that available to the user of the book for similar 

operations, but the basic formule given are of a 

general character and the method of calculation is 

set out so fully that it should be an easy matter to 
substitute the data applicable to another machine. 

Incidentally, much can be learned from the book 

about modern methods of mass production, particu- 

larly power-press work and drawing operations, on 
which subjects there are excellent preliminary 
chapters. The manufactured parts forming the 
subjects of the examples are mostly small com- 
ponents, such as would be made in an automobile 
factory in large numbers, but the author is careful 
to vary the quantities to be made so as to bring 
out the effect of this on the correct choice of tools 
and fixtures for economical production. The biggest 
piece included in the examples is a shaft a little 
under 2 ft. in length, of which 300 are to be made. 
In estimating labour costs, the system of move- 
ments, or “ therbligs,” originated by F. C. Gilbreth, 
is used, and there is also a preliminary chapter 
listing the miscellaneous movements and their time 
values. This method has been the subject of criti- 
cism in this country, but, for the purpose of esti- 
mating, before a job is started, and at the stage 
when the whole process must be visualised, it has 
merits. Another preliminary chapter deals with 
tool and die construction, the prices of the appro- 
priate dies being given in the course of the examples. 

All prices, costs and labour rates are American, 

Mr. Schutt being the head of a firm of industrial 

consultants in Detroit; but the reader who is con- 

cerned primarily with methods should not be greatly 
troubled by the inapplicability of actual prices and 
costs to British conditions. 





RoyaL SANITARY INSTITUTE PRIZE COMPETITIONS.— 
Particulars of prize essay competitions, to be held this 
year, have been issued by the Royal Sanitary Institute. 
Three prizes are offered, namely, the John Edward Worth 
Prize of 401., for an essay on practical improvements of 
appliances for use in or about dwelling houses; the 
John S. Owens Prize of 151., for an essay on the ven- 
tilation of dwellings and its effect on health; and 
the Henry Saxon Snell Prize of 50 guineas for an essay 
describing suggested improvements in the construction 
or adaptation of sanitary appliances. Intending com- 
petitors should apply to the secretary, the Royal Sanitary 
Institute, 90, Buckingham Palace-road, London, S.W.1, 





for a copy of the general conditions. 
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Durine 1948, considerable progress was made by 
the textile-machinery industry; output in most 
sections was substantially higher than in 1947, and 
export earnings for the industry as a whole were 
about one-third greater than in 1947. Some un- 
favourable portents have recently appeared, how- 
ever, which detract somewhat from the general 
picture of prosperity. These have been most 
evident on the spinning-machinery side. It is 
understood that the rate at which new orders for 
spinning machinery have been coming in has slowed 
considerably. While manufacturers are still fully 
occupied, they have had justifiable cause for anxiety 
in that the volume of new orders is now below the 
level which will be necessary to sustain the present 
rate of output when present orders are worked out. 
Perhaps the most disappointing feature has been 
the poor response of Lancashire to the Cotton Spin- 
ning Re-equipment Subsidy Bill, by which groups of 
mills containing not fewer than 400,000 spindles are 
granted a reimbursement of 25 per cent. of the costs 
of re-equipment, provided that orders are placed 
before the end of April, 1949, and the machinery 
delivered before April, 1952. To qualify for the 
grant, smaller concerns were required to group 
themselves into larger units with the requisite 
number of spindles. In October, 1946, nearly 41 per 
cent. of the total number of spindles in Lancashire 
were Organised in nine units of over 400,000 spindles ; 
a Parliamentary question in February, 1949, elicited 
the information that 16 groups, controlling 60 per 
cent. of the industry, are now registered within the 
meaning of the Bill. This seems to imply that seven 
groups, accounting for 20 per cent. of the industry, 
have been formed to take advantage of the subsidy 
—although it may be that some of the larger units, 
just below the 400,000-spindle limit, merely in- 
creased their capacity. 


Apart from the natural disinclination to discard | Acce 


existing machinery which is giving efficient and 
satisfactory service within the limits of its capa- 


TABLE IT.—QUARTERLY DELIVERIES OF TEXTILE MACHINERY. 














interval of several years aniesnay occurs between 
the conception of an idea and its presentation to the 
industry in a finished machine or mechanism ; and 
even then a considerable period of trial under mill 
conditions may be necessary to ensure that the idea 
is perfectly sound.” 

It is in this light that the new centrifugal spinning 
system for dry yarns, introduced by Messrs. Price- 
Smith and Stells, Limited, must be considered. The 
P.S.C. system, undoubtedly a major advance in 
spinning technique, was developed in conjunction 
with Messrs. Paton and Baldwin, Limited, and is 
applicable at present to the spinning of woollen and 
worsted yarns, but experiments are reported to have 
shown the possibility of adapting it to cotton, silk 
and staple fibre. It seems that eventually it may 
largely supplant the cap, ring and flyer frames and 
the mules, but inevitably it will be many years 
before any extensive replacement is possible. 

The problem of adapting the centrifugal method 
of spinning wet fibres to dry fibres has been the 
object of intensive research by Messrs. Price-Smith 
and Stells since 1935. The fundamental difficulty 
was the tendency for the spun yarn to collapse into 
an unusable mass when the container stopped spin- 
ning. This has now been overcome and the com- 
pany have evolved a number of machines in which 
full advantage is taken of the latest mechanical and 
electrical developments. Designs include twisting 
and drawing machinery as well as spinning machin- 
ery; each type can be used in conjunction with 
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Lancashire, about seven million can be classified 
as low-draft and small-package units and, while 
some of these are used for weft pirn spinning and 
very fine counts, there is no doubt that a large 
majority are unnecessarily small for the counts 
spun. The most important long-term conversion 
that the industry has to face is, of course, ihe 
replacement of over 20 million mule spindles }y 
ring frames, with a potential output of 12 million 
lb. This, however, must be a gradual process, «id 
spinners are understandably reluctant to change 
over at the present time, when every pound of yarn 
produced can readily be sold and when any stoppaze 
for re-equipment means a loss in turnover. 
Another possible field for reconversion, from which 
large returns might accrue, arises from a possible 
increased use of staple fibre by the cotton industry. 
According to some authorities, this cannot be spun 


-| to the best economic advantage on existing cotton- 


spinning frames, since the optimum fibre length is 
greater than that of even the highest quality 
Egyptian cotton. This view is not universally 
held, but is perhapssound. Ifso, it seems that some 
extensive re-equipment is necessary. This is best 
viewed in relation to the export trade. A large 
proportion of the imports of raw cotton must come 
from the United States, where payment in dollars 
is required. The trend of prices, moreover, was 
upwards in 1948, although there may possibly be 
some recession in 1949. In 1948, the United King- 
dom’s imports of cotton from the United States 
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12 Months Ended | 
September, 1946. 





12 Months Ended 
September, 1948. 


12 Months Ended 
September, 1947. 


Export. 














Total. | Export. Total. | Export. Total. 
Spinning, twisting and preparatory processes 7,808 3,656 12,388 7,122 14,769 11,439 
Processes subsequent to spinning, but pre- ) , | : ( 5,268 2/289 
paratory to ——, 2,387 829 4,268 1,656 ‘ 
Weaving L 5084 | 2112 
Bleaching, dyeing, printing and finishing <.| 1,627 527. | 2,533 | 940 4,050 | 1,827 
Jute, flax ‘and ad pw spinning a and rate oa 2,287 1,090 4,439 | 3,003 6,069 | 4,365 
Hosiery and lace ow 1,766 43 2,722 1,286 4,367 | 2,212 
ssories a ve on at a 7,495 4,263 | 9,549 5,472 12,111 5,115 
Total ii ay 6 a 22,870 11,108 | 35,899 | 19,479 | 51,668 | 29,359 
' 
(£1,000.) 
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1947, Third Quarter. | 


1947, Fourth Quarter. 





ache rede | seport.| ou 





| 
1,977 3,343 | 


1948, First Quarter. 
Total. | Home. ome. | meprt.| Total. | Home. ome. fort. | rota. 


m7 | 2154 | 2871 736 | 2,940 | azz | gai | 3,087 | 4,068 | 946 | 3,258 


1948, Second Quarter. 1948, Third Quarter. 
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Spinning, twisting and preparatory | | | | | 4,104 
Processes subsequent to spinning, but pe preparatory \f 642 "307 | 1,149 693 685 | 1,278 870 603 | 1,473 774 | 694 | 1,868 
to weaving 652 | 305 | 1,047 | 
Weaving 74 1,170 504 | «584 | 1,128 828 519 | 1,847 786 603 | 1,389 
Bleaching, dyeing, printing and finishing . a 460 286 746 369 588 {| 489 | 1,077 528 | 474 1,002 606 | 1,101 
Jute, flax and hemp spinning and weaving ..| $85 | 887 | 1,172 1,134 | 1,551 | 426 | 1,122 | 1,548 360 | 963 | 1,323 50L | 1,146 | 1,647 
Hosiery and lace. Sain 16 cS 657 454 | 960 562 639 | 1,101 | 579 | 604 | 1,183 | 508 | | bags 
ya ene | iT a Liss | 1,545 | 2,739 | 1,740 | 1,155 | 2/895 | 2,046 | 1,221 | 3267 | 2,016 | 1,194 | 3,210 
Total Be aes es ke aa | 4,207 | 5,416 | 9,623 | 4,691 | 6,619 | 11,310 | 5,389 | 7,364 | 12,753 | 6,192 | 7,471 | 13,663 | 6,037 | 7,905 | 18,942 
| | | | Let ‘pert 2) | am) 
bilities, there are strong “disincentives” to re- TABLE IlI.—TextTiLe MacuINERY INDUSTRY: ESTIMATED NUMBERS EMPLOYED. 
equipment. Perhz-ps the most important is the high T ear ie 
g . . rs | | | 
cost of the new machinery when considered in 1938, | Index. || ei | Index. || - Senex, 1 Sugust, | Index 
relation to the inadequate depreciation allowances | 74 ' | 
permitted under present fiscal policy. It is possible nalg os SA STROM oe Sant Matece Se 
that many spinners are holding u rnisati Spinning and preparatory proce || 17,420 19,130 
hat many sp holding up modernisation | Sptnvim sscs subsequent to-spinning, | +12,780 | 100 || 16,300 , 198 4 || 173 1) 195 
schemes in the hope that there may be some revision bat preparatory to weaving 3 | 1 | 4710. | || 5,720 | 
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year as a result of representations made by the Dyeing tend Setcing spinning and | ij | | 
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Federation of British Industries to the Chxneellor of Hoderysadicce 2; “| s'950 | 100 5/170 | isi | 5i660 143 «|| «6100 154 
the Exchequer. This, however, can apply only to | accessories .. -| 12,000 | 100 || mer | 86 || 10570 | 88 || 11260 | 9 
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identity in an amalgamation to qualify for the 
subsidy, under the terms of which orders must be 
placed by the end of April. Another fear is that 
revolutionary development may quickly make 
obsolete the machinery now available. These fears, 
however, are probably exaggerated ; as Mr. B. A. P. 
Dobson and Mr. W. H. Watson, of Textile Machinery 
Makers, Limited, pointed out in a paper prepared 
for the Cotton Board Conference at Harrogate in 
October, 1948, ‘‘ Much thought and experience have 
been devoted over a long period to the development 
of modern textile machines, and it is extremely 
improbable that such machines will be rendered 
obsolete overnight by any revolutionary idea. 
Apart from this, it must be remembered that an 
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other machinery, but maximum efficiency is obtained 
if the complete range of P.S.C. machines is used. 
The advantages claimed over other types of spinning 
machinery include less floor space per pound of yarn 
produced, higher speeds, larger packages, less end 
breakages and less labour. The machine, moreover, 
can run through meal breaks and no “ piecing-up ” 
labour is required. 

The issue of centrifugal spinning aside, perhaps 
the most. important means of coping with labour 
shortages and reducing costs are provided by the 
speed frame short-cut process followed by high-draft 
ring-spinning. Of 10-3 million ring spindles in 


amounted to 183 million lb., as compared with 
194 million lb. in 1947; but in value they had 
inereased from 16-3/. million to 17-5l. million. 
The high price of raw material thus reduces con- 
siderably the net earnings from the exports of 
finished cotton goods. It seems, therefore, that 
staple fibre, used to the best advantage, might con- 
siderably increase the return on exports. 

The future export capabilities of the linen industry 
may also hang upon the extent to which modernisa- 
tion is carried out. The overseas markets for 
medium and low-grade linen fabrics is a declining 








one in view of the protection given to newly estab- 
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mined centres abroad and the competition from less 
costly cotton and rayon substitutes. The market 
for high-quality fabrics may, however, be capable of 
expansion if costs can be kept at a reasonable level. 
Since yarn accounts for about 60 per cent. of the cost 
of the total fabric, it is vitally important that costs 
should be kept at a minimum in the spinning section. 
No new flax-spinning mill has been erected for 
50 years, and when new machinery has been intro- 
duced, it has often been installed in houses where 
it could not produce maximum output at minimum 
cost. This is particularly true of the wet-spinning 
mills. Moreover, the fast-running machines of 
modern times are not always used in conditions 
which produce the highest quality yarn. With the 
old slow-running machines, it was possible to spin 


TABLE IV.—General Summary of Census of Production 
of Textile Machinery Industry. 





— | Unit, | 1935. | 1937, | 1946. 
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ene in the post-war period, but this expansion is 
not likely to continue. Delivery dates quoted for 
export over the past year have dropped, for cotton- 
spinning and bast-fibre machinery, from 2} years 
to from nine to 12 months—a period which roughly 
corresponds to the manufacturing cycle for this type 
of machinery. Re-equipment schemes in many of 
the countries which have been the principal markets 
so far are now well under way, and saturation 
point has been reached in many markets. More- 
over, apart from the currency difficulties which 
have affected British export trade as a whole, 
demand has often been frustrated by the policy of 
Governments in many overseas markets. Import 
quotas have been imposed, tariff barriers raised, and, 
in some cases, import licences have been refused 
under a policy of self-sufficiency. Moreover, in the 
important hard-currency markets, competition from 
United States manufacturers is likely to be keen. 
During the war, there was a very large increase in 
the capacity of the textile-machinery industry of 
























































l l the United States, and there has been further 
Value of uction — . : a . 

‘oa ut £1,000 | 12,128 | 14,582 | 30,439 | ¢xPansion in the post-war period to meet the 
Materials, fuel and elec- domesticdemand. The industry has large arrears of 
cricity ase paid for work £1,000 | 4,640 | 5,788 | 12,107 | domestic orders on hand, but new orders started to 

given out .| £1,000 - ait? tt fall off as early as the end of 1947, and the trend 
Net output ..| £1,000 ? 734 | 17, 

‘Ave Ca of per- has continued. This can be due only partly to the 
sons employed | Number} 89,721 | 43,488 | 52,778 | discouragement of prolonged waiting for delivery. 
Net output r rson- | 
p&  - Cet Mr 186| 201, 341 | 1¢ @ppears, therefore, that manufacturers in the 
[. ae eR o | United States will have to devote their attention 
TABLE V.—TEXTILE MACHINERY: EXPORTS BY MAIN MACHINERY GROUPS. 
1938. | 1947, 1948, 
| Value | Value Value 
| Tons. (£1,000). Tons. | (£1,000). Tons. (£1,000). 
For spinning and twisting and all preparatory tuber ..| 49,005 | 5,671 | 41,298 | 18,816 58,586 19,103 
For pr y to weortes, but su quent to | | 
spinning and twisting j é 9% | 1,672 | 563 3,166 1,198 
and other weaving machinery. . ‘| 12,407 | 1,168 | 14,215 | 4,116 15,387 3,797 
Bleaching, dyeing, printing and other finishing machinery 4,499 464 3,651 | 974 5,908 1,931 
Hosiery and other knitting machinery .| 562 | 467 | 1,110 1,303 1,706 2)444 
Bobbins separately consigned . . ols a tol 1,553 | 204 | 1,903 894 2,010 
All other sorts .. + a Je a ae 3 1,694 | 252 2,613 9,016 5,132 
Used... : ; ee a ee ae) 1,925 14,798 1,984 
1 
Total .. ‘i = a i fe ..| 70,776 | 8,407 80,991 | 24,585 | 110,577 | 36,541 
4 { | 
TABLE VI.—TEXTILE MACHINERY: EXPORTS BY COUNTRIES. 
| 1938, 1947 | 1948 
' 
vo | ad ee 
Value | Value v 
iis (£1,000). wae | (£1,000), | 7 (£1,000) 
iT 4 . | 4551 149 | 1,080 341 1,472 524 
Pasting ak | a 20 | 1am 692 | a. 
Union of South Africa ée | | 5 
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——* een we oe 2613 | 205 | s000 | 912 4,370 1,601 
Wewmesad 2.00 1. 0 ese ws 172 32 | 611 | 173 611 287 
Canada vi 0 4 ba vel 1,818 307. | 1,924 | 672 2,089 791 
Other British Countries -s S al 1,108 109 630 | 177 2,742 749 
Finland .. m8 ge se A 704 1s | 1,081 | 210 444 182 
Sweden .. : ‘ 631 115 930 | 413 2,949 1,282 
Denmark ‘ 255 46 696 306 1,127 515 
Netherlands. 1,960 258 1,304 546 5 1,819 
Belgium... 1,109 198 2,482 4,300 1,700 

i. : 734 230 3,726 1,310 8,858 1,538 
rand. 1 
Perea 2| | wa | mm) se | a 
. 4 
Yaa ; 98 20 695 234 814 
Turkey . 178 4 919 229 669 272 
Lebanon _— _ 690 184 394 101 
eee ae 7 1,604 145 9,426 2,175 9,889 2,400 
Ceeminwiens - : -| Se | S| Me) we) a) i 
U tatesof America ww ike 1 
a ing Sa a gee, aalee eigenen "373 64 1,604 550 1,642 639 
Peru 60 18 437 134 920 297 
Chl 276 29 797 240 1,623 539 
5,048 508 5,199 1,724 9,004 2,987 
Bats Ne, IEE Me eS 1177 173 a2ro 1,158 4,780 1,482 
i Re blic a - a a A : 
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fibre to the limit of its quality, since defects could 
be detected by vigilance on the part of the operatives 
at little cost to the manufacturer. With modern 
automatic machinery, the fibre has continued in 
many cases to be spun without any quality reserve, 
while the automatic spreadboard has not yet been 
adopted widely enough. The result is that the 
industry has not been able to take full advantage 
of the market for high-quality goods. 

While home demand for textile machinery has 
been disappointing in spite of re-equipment needs, 
there are signs that overseas orders are falling away. 
Exports of spinning machinery expanded continu- 


increasingly to overseas markets, and the best outlet 
for their products will be those countries where the 
dollar shortage is least serious. Moreover, on 
February 15, 1949, Mr. Willard Thorp, Assistant 
Secretary for Economic Affairs, informed a com- 
mittee of the Senate that the markets for machinery 
supplies and equipment, provided by President 
Truman’s plan for developing Latin America, Asia, 
and Africa would be “large” and that the com- 
petition with Euro manufacturers would be 
“undoubtedly severe.” It is true that, in the two 


large markets of India and Egypt, British manu- 
facturers should maintain their supremacy, although 





it is unlikely that exports to these countries can be 
maintained at their present high level. Elsewhere, 
they may be expected to lose ground. 

The Western European market may, however, 
compensate for losses to United States manufacturers 
in Latin America, South Africa, and other markets 
where political or economic conditions prove 
unfavourable to British exporters, provided that 
the spirit of the European Recovery Programme 
is religiously observed by the E.R.P. administration. 
It is their general policy that the machinery to be 
imported will consist chiefly of types not at present 
available in Europe. On the other hand, American 
textile-machinery manufacturers may be expected 
to exert pressure to have their products included in 
the list of deliveries to Western Europe. The 
danger that Marshall Aid may become the means 
of financing American exports has been frequently 
stressed recently. It has probably been exagger- 
ated. Nevertheless, the European market is now 
of vital concern to British manufacturers, who may 
be pardoned if they show anxiety at the proposed 
level of American deliveries under E.R.P. It has 
been announced that, in the second year of the pro- 
gramme, the United States is to export textile 
machinery to Western Europe to the value of 
211. million, an amount equal to 60 per cent. of 
British exports of textile machinery to all countries 
in 1948. Undoubtedly, the 211. million include a 
high proportion of automatic looms and other types 
of equipment in short supply in Britain, but it 
probably also contains a large quantity of spinning 
machinery. It is possible, also, that Germany may 
enter the Western European market for textile 


| machinery in the next few years. 


While there is some uncertainty about the future 
of the spinning-machinery industry, the present 
output performance is most creditable. The rising 
trend can be seen in Tables I and II, opposite. The 
main production difficulties have been the shortages 
of variable-speed electric motors and of castings, but 
the shortage of electric motors is no longer a delaying 
factor It will be noted from Table III, opposite, 
that there was a substantial addition to the labour 
force during the year. The unpopularity of work 


-|in foundries, however, makes this type of labour 


hard to come by and foundries are still under- 
staffed. Textile Machinery Makers, Limited, main- 
tain that, although the productivity of labour has 
been steadily rising—probably as a result of the im- 
proved and more regular supply of materials and 
components—it is still below pre-war level. No 
up-to-date data for assessing productivity are, how- 
ever, available. Table IV, on this page, gives the 
general summary of the Census of Production for 
1946 (published during 1948) for the textile-machin- 
ery industry asa whole. dt is estimated that prices 
of textile machinery doubled between 1937 and 1946. 
If this is so, the net output per person employed in 
1946 was substantially below the level of 1937. It 
is not easy to attempt an is by the various 
sections of the industry, but it does appear that, 
when the gross output of figures in the various 
sections are compared with the numbers employed 
therein, as given in Table ITI (although these do not 
correspond with the Census figures, which are less 
comprehensive), productivity was highest in the 
section producing accessories and lowest in the 
spinning section. 

Constant attention has been given to improving 
the types of machinery manufactured. Research 
on spinning systems and the problems of big pack- 
ages and high drafting is being undertaken at the 
Shirley Institute, in which Textile Machinery Makers, 
Limited, are now participating Few details about 
the progress of work there are available, largely 
because much of it is undertaken in confidence for 
members. One research field which is claiming a 
good deal of attention is the cleaning and removal 
of dust, and new machinery has been developed 
which should do much to reduce the costs and 
improve the quality of cotton yarns. At present, 
perhaps the biggest problem facing the Shirley 
Institute is that demands upon its resources are too 
heavy. Dr. F. C. Toy, the Director, has stressed 
the importance of concentrating upon a few of the 
more urgent research projects. It is hoped thas, 





eventually, the Institute will be relieved of the 
spinning-machinery research side by the T.M.M. 
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station at Helmshore. Work here, however, is said 
to be seriously hampered by the shortage of scien- 
tifically-trained research personnel. 
One of the problems which has to be faced by the 
research stations is the lack of standardisation in 
spinning machinery; this arises largely from the 
fact that the machines are often built to the 
individual orders of the various mills. Some pro- 
gress has already been made, however, in the matter 
of standardisation. A conference of textile repre- 
sentatives was held in Manchester at the end of 
1948 to consider the standardisation of accessories 
and components. As reported in EXGINEERING of 
January 7, on page 16, committees were set up 
to give attention to the standardisation of pirns, 
ting bobbins for doubling—frame shuttles, shuttle 
boxes and loom change-wheels. It will be impos- 
sible to implement the specifications produced by 
the committees at once, but the conference agreed 
that they should be adopted as soon as possible. 
The problem facing the manufacturers of weaving 
equipment is rather different from that of the 


machinery of better grade at prices that no com- 


peting industry can meet. Present prices, however, 
do not appear to justify this view. The Toyoda 
loom, with accessories, is at present selling at 
1621. 10s., while British manufacturers are reported 
to sell certain types of automatic looms for 1501. 
In Czechoslovakia, where a large textile-machinery 
industry is developing, the Zbrojovka armament 
undertaking commenced the production of 3,000 

automatic shuttle-changing looms for 
the Czech weaving industry. When this consign- 
ment is completed during 1949, production of auto- 
matic looms for export is to start. The Hrdina 
concern are making a loom similar to the Northrop, 
while the Bata firm are manufacturing knitting and 
hosiery machinery. The output of automatic looms 
is said to be about 7,000 per annum. Prices are 
moderate compared with the high Swiss prices, but 
are still higher than the British. Export prospects 
for automatic looms must at present, however, be 


subordinated to the pressing needs of Lancashire. 


A proposal to extend capacity for making auto- 


spinning-machinery section. Production capacity |™matic looms by calling into service the Royal 


for automatic looms is likely to be below the level 


Ordnance factories was rejected on the ground that 


of demand for many years to come. The automatic | these factories lack adequate foundry facilities— 
loom has been in existence for 50 years, but only | although the validity of this reason was queried in 
6 per cent. of the looms in the British cotton industry | last year’s article in the ‘‘ Outlook” series. The 


are automatic, as compared with 95 per cent. in the 


task of satisfying home demand must, therefore, fall 


United States. In Britain, the weaver operates six | entirely on the shoulders of the British Northrop 


to eight looms, as compared with 60 to 100 in the 


Loom Company and the few other manufacturers, 


United States and 20 in pre-war Japan. It is not | Whose output is very much smaller. Some auto- 
practicable, or perhaps desirable, that the production | matic looms have been imported from overseas, but 
methods of the United States should be followed | foreign exchange considerations rule out the possi- 
in Britain but it is probable that mass-production | bility of importation on a large scale. In 1948, 


methods can be adopted on a much larger scale than 


imports of looms of all kinds were valued at 655,000/., 


at present. The Cotton Working Party suggested | #8 compared with 329,000/. in 1947. The Northrop 
a re-equipment target which would involve the sup- | Company’s output is still seriously limited by 
ply of 120,000 looms as soon as possible in order | shortages, one of the most serious being in hardwood, 


that 45 per cent. of the looms in the industry may 
be automatic. An accurate assessment of Lanca- 


which, despite the extensive use of light alloys as a 
replacement for timber on certain parts of the loom, 


shire’s requirements, however, will not become avail- | Temains the only satisfactory material for bobbins. 


able until the results of the questionnaire, circulated 


There have also been intermittent shortages in steel 


to cotton manufacturers by the Statistical Depart- | Wire and in steel tubing of certain diameters, but the 
ment of the Cotton Board on September 3, 1948, are | Position may be expected to improve considerably. 


known. This survey is to provide a basis for a com- 


The Ministry of Supply has recently made special 


prehensive re-equipment policy. As the Evershed | arrangements with the Company to assist in over- 
Committee pointed out, the Cotton Working Party’s | coming bottlenecks. Although the Ministry are not 
estimate may prove to have been too high. Never-| having a direct say in production matters, the 
theless, the demand for automatic looms is probably | Directorate of Mining Equipment have been given 
well in excess of the supply potential of the British | the task of chasing materials and components and 
Northrop Loom Company, whose output of about | removing all obstacles to increased production. 
7,000 looms per annum represents the bulk of the | Given adequate supplies of materials and labour, 
capacity for these machines in Great Britain. A | the output of looms can be stepped up to 9,000 per 
partial answer to the problem may be found in the | annum when extensions in the course of erection 


adaptation of existing looms. 


have been completed. These involve 321,000 sq. ft. 


An important point to be considered in the change- | (as compared with the present area of 750,000 sq. ft.) 
over to automatic looms ig the resistance to the new | and are scheduled to be ready by the end of 1949. 


equipment from overlookers and weavers. Mr. 


The trend of textile machinery exports may be 


Darbyshire argued that an old loom which has been | seen in Tables V and VI, on page 221. By weight, 
adapted is more acceptable than a new automatic |exports were 36 per cent. higher in 1948 and, by 


loom. There seems, however, little foundation for | value, 36-5/. million, 50 per cent. higher than in page 


the belief. It is rather a question of confidence | 1947. Exports of textile machinery other than for 
between employees and management. If re-equip- | hosiery-making, however, were rather below the 
ment schemes are to be carried out smoothly, manu- | target originally set of 2-65/. million a month at 
facturers must make every effort to secure the under-|the end of 1948. Deliveries for export for the 
standing and co-operation of their personnel, While | months up to September were at a rate of between 
adaptation of ordinary looms can only be a stop-gap | 2-3. and 2-4/. million. Failure to achieve this 
measure, it is amply justified by the present acute | target is no doubt due in large part to the increased 


shortage and high cost of suitable weaving labour. 


allocation of automatic looms to the home market. 


To this overwhelming home demand must be | Hosiery and knitting machinery, in November and 
added an equally pressing overseas demand, Before | December, substantially exceeded the export target 


the war, 80 per cent. of the British Northrop Com- | of 200,000/. to 220,0001. 


In 1949, in spite of the 


pany’s Output of about 2,500 looms per annum wasj reduced quota for automatic looms, the upward 
exported. Since the war, increasing priority has | trend of exports will probably continue as further 


been given to the home market. 


In 1947, 50 per | improvements in the supply of components and 


cent. of the output was exported ; early in 1948, | materials enable headway to be made with the 
this proportion was cut down to 40 per cent., and | arrears of orders. The longer-term outlook, how- 
later in the year the Board of Trade ruled that only | ever, is uncertain and will depend on how far British 
25 per cent. could be exported. In the long run, | manufacturers are successful in increasing their 
this neglect of overseas customers may have un-|sales to Western Europe under the egis of the 
pleasant repercussions on the company’s business. | Recovery Programme. In spite of the urgent need 
Manufacturers in the United States have expanded | for re-equipment in the home spinning industry, 
capacity and are said to have reduced their prices. | and the Government subsidy, it is not at all certain 
They may be expected to devote increasing attention |that home demand will be maintained. Much, 
to overseas markets. The Japanese textile machin- | however, depends upon whether or not there is a 
ery industry is again on its feet and is exporting. | revision of fiscal policy so that depreciation allow- 

According to the Cotton Textile Institute of the | ances may be brought more in line with replacement 
United States, it is only a question of time before | costs. On the loom side, the main problem is likely 


Japan will be able to supply world markets with 








to be one of supply for some years. 


REBUILDING REINFORCED- 
CONCRETE WAREHOUSE AT 
LIVERPOOL DOCKS. 


A THREE-STOREY reinforced-concrete warehous: at 
the Gladstone Docks, peso eta which was severly 
during an air-raid, has been rebuilt recently, 

It is used as a bonded warehouse and a transit store 
for mixed cargoes, such as rubber, wool, cotton, timber 
and foodstuffs. At the time of the air-raid during the 
war, stocks of rubber and other highly-combusti ble 
material were quickly ignited, and the ensuing {ire 
lasted for three weeks. The intense and longed 
heat caused many structural members to collapse and 
seriously weakened others. In three sections of the 
warehouse the roof had to be demolished, in two and q 
half sections the destruction reached the second floor, 
and in one section all three floors had to be demolished, 
It was found that the yellow and pink discolorations 
caused by the varying intensity of the fire had pene. 
trated several inches into the heavy members and 
right through the smaller members. The intensity of 
the heat may be appreciated from the fact that the 
surface of a brick wall was completely fused and had 
a glazed appearance where the molten silica had run 
down. Nevertheless, the reinforced-concrete beam 











above it was still intact and in reasonable condition. 
The warehouse was originally constructed by the 
Engineer’s Department of the Mersey Docks and 
Harbour Board, in collaboration with the British 
Reinforced Concrete aafnonting Company, Limited, 
and was completed in 1927. It is situated on the 
south quay of the Gladstone Branch Dock No. 1. The 
construction of the Gladstone Docks was described in 
ENGINEERING.* The warehouse is 1,500 ft. long, 150 ft. 
wide and 58 ft. 9 in. high, and is divided into five equal 
sections, each 300 ft. long. Each section is divided 
into 12 bays, with main beams at 25-ft. centres spanning 
50 ft. transversely, and secondary beams, generally at 
8 ft. 4 in. centres, spanning 25 ft. At adjacent ends of 
the 300-ft. sections, the main beams and columns are 
duplicated so that, in effect, the sections are indepen- 
dent. The roof and floor slabs are allowed freedom for 
expansion by leaving a gap of 1} in. at normal tempera- 
ture, the gaps being bridged by a 6-in. wide plate fixed 
to the slab of one section, and by plastic asphalt. The 
warehouse was built on a foundation of 15-in. octagonal 
reinforced-concrete piles 40 ft. in length, driven into 
boulder clay. There is a group of 12 piles under each 
internal column and a group of five under each side 
column. The foundations were not affected by fire or 
explosives. Concrete floor and roof slabs are 6 in. thick. 
The roof was designed for storing goods not affected by 
the weather. The ag rans superload is 20 cwt. per 
square yard that for the second floor is 25 owt. per 
sq. yd. and that for the first floor is 30 cwt. per sq. yd. 
The ground floor is finished with 4-in. granite cubes 
laid on concrete and grouted with cement. A view 
of the south side of the warehouse during reconstruction 
is pane in Fig. 1 opposite, which shows the cantilevered 
balconies used for loading and unloading cargo. These 
were 5 ft. wide at the first floor and 3 ft. 6 in. wide at 
the second floor, but on the north side they have been 
increased in width to 8 ft. and 5 ft., respectively. 
Fig. 2, on 228, is another view of the warehouse, 
during an earlier stage in the rebuilding, and part of the 
interior of the ground flcor is shown in Fig. 3, also on 
228. 
When the work of reconstruction was considered, the 
first intention was to restore the warehouse to its 
original design, but, in 1946, when the work was com- 
menced, skilled labour and timber were scarce and it 
was evidently impracticable to erect shuttering and east 
the concrete. It was therefore decided to use precast 
units of a few standard sizes wherever possible, although 
this resulted in an increase in the total quantity of 
concrete. On the other hand, the quantity of reinforce- 
ment has been reduced, owing to an increase in the 
allowable working stresses. The building remains 
superficially unchanged, however, and is considered to 
compare eounily with the original monolithic 
structure. 
Among minor modifications is the use of cast in situ 
main beams of similar size on all floors, although this 
increased the quantity of concrete. Thus, the same 
trestle supports and side forms could be used through- 
out. The reinforcement for these beams, with the 
exception of some top steel and haunch bars, was 
made on the ground in the form of cages, which were 
afterwards hoisted into position by the roof derricks, 
using a strongback to give support. The additional 
top and haunch steel was placed after the secondary 
beams and floor-slab shuttering had been erected, 
when access was easy. The ribs of the secondary 
beams were precast, and most of them were made similar 
in profile, differences in length being obtained by 
adjusting the forms. Only two depths were used, 





* See ENGINEERING, vol. 96, page 4 (1913); vol. 118, 





page 47 (1924); and vol. 124, page 70, (1927). 
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namely, 16 in. and 30 in. (under the floor slabs). This 
also required more concrete in some cases, but a saving 
of steel was effected. The 


Oy ee eens Sa Oe ee 
The main‘Tteinforcement was prefabricated, and 

on ae nee pee See nae This crane also 
lifted and stacked the completed beams, and placed 
them on flat-to; contractors’ wagons from which 


reinforcement was fixed in place after the beams and 
floor shuttering had been erected. Figs. 4 and 5, on 

poge 28 show some of the main and secondary beams 
uring construction. 

On the outside of the original building there were 
capping beams over the top door guides, — 
with panel walls, then fascia beams. These were 
replaced by deep fascias, 5 ft. 6 in. under the floor slab 
by 8 in. thick, which were precast in one unit with the 
capping to the door guides and two brackets onppenting 
the cantilevered balcony. The door guides were fi 
before casting, and the reinforcement was prefabricated. 
These fascias, which weighed about 7 tons each, were 
made on the floors within range of the derricks, and 
lifted by them on to trestles which supported them 
until they were concreted in position. The supports for 
the main beam shuttering were in the form of-trestles 
made of timber, framed and bolted together, so that 
they could be lifted by the derricks. Three of these 
trestles made up a length of 50 ft., ic. the span of 
one main beam, and their width was such that they 
could be hoisted up between the secondary beams. 
They were carried on jacks to allow the pea to be 
adjusted. The trestles were also used as scaffolding. 
Adjacent to the secondary beams, the trestles carried 
crossheads to which steel units were bolted to support 
and locate the secondary beams before and during the 
concreting of the main beams, and to act as clamps 
for the main-beam side shutters. Provision was made 
in the steel units for adjusting the side shutters in the 
vertical plane. The shutters were also bolted through 
the beams at the top. Temporary props were left in 
position at mid-span when the main trestles were 
moved forward, so that, until the concrete had attained 
sufficient strength, the beams acted as a series of 
continuous 25-ft. spans 

The ribs of the secondary beams were designed tc 
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support the floor slab during concreting, with a tem- 
porary prop at the centre of each span. ees 
were made heavy enough*to give some support to 
the floor shuttering, Tk wap ened Gx edger 
bolted to the main beam the holes left by the 
side-shutter bolts. After the slab had ened 
sufficiently to become the ee flange, the props 
were removed and each secondary beam the 
full 25 ft., to carry all live load in the continuous-beam 
condition. The floor shuttering was made in panels 
about 10 ft. by 2 ft. After the conerete had hardened 
they were stri and lowered on to light movable 
i reinforcement in the floor slab 
consisted of two layers of BRC fabric. 

Various precautions were taken to obtain an efficient 
bond and increased vertical- and horizontal-shear 
strength between the main and secondary beams and 
the slab. For example, the secondary beams were 
cast with notched ends which were rubbed down with 
a wire brush 24 hours after casting to remove the 
cement skin and roughen the surface. When in posi- 
tion, the ends extended about 1 in. into the sides of 
the main beams, and binders projecting at the upper 
beams became embedded in the floor slab concrete 
above. Slots formed at intervals across the upper 
edges of the beams assisted in keying the ribs and 


slabs together and in resisting horizontal shear. The | weigh 


design was tested by a full-scale loading test, during 
which one of the secondary beams carried 50 per cent. 
overload without any visible sign of stress, other than 
the ncrmal deflections. These deflections practically 
disappeared on removing the load. 

Some difficulty was encountered in increasing the 
width of the dockside balconies. The extension was 
relatively simple where the first floor was being totally 
reconstructed, but, along the length where the existing 
first floor remained, it was not possible to introduce 
sufficient additional steel reinforcement in the tops of 
the cantilever beams. Part of the extra steel required 
was therefore welded directly on to the vertical-column 
bars, and a subsequent loading test showed that the 
balconies were capable of carrying more than the 
required load. 

The organisation of the work was hindered by the 
necessity for keeping the berth open during rebuilding. 
Three travelling electric derricks, each of mate Ne = 
were erected, one on each floor. These were for 
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hoisting and placing formwork, concrete, reinforcement 
Pe a la - Concrete, sane vo mainly a 
mix, was La osteo in a batching it eupplied 
with materials b: ton steam conke, an 
buted to the dezricks by a light railway. “The largr large 
span of the derricks enabled a road to be kept o 
between the building and the light railwa The 
floors and roof were finished with a 1}-in. Lithocrete 
paving. Steel doors and windows have replaced the 
original timber units. The whole of the concrete 
surface, both inside and outside the building, has been 
treated with “ Snoweem ”’ brushed on for 
and to na the a; - one The portion of the 
original structure not demolished was repaired where 
necessary by Guniting and the whole was overhauled ; 
the timber and ironwork were repainted, and the 
exterior given a coat of ““Snowcem.” The work of 
reconstruction has been carried out under the super- 
vision of the Engineer-in-Chief, Mersey Docks and 
Harbour Board, by Messrs. Peter Lind and Company, 
Limited, Stratton House, Piccadilly, London, w.i. 
The British Reinforced Concrete Engin Company, 
Limited, ‘Lichfield-road, Stafford, carried out the 
reinforced-concrete design and supplied the new 
reinforcement. 





AERODYNAMICAL BALANCE FOR 
HIGH-SPEED WIND TUNNEL. 
(Continued from page 177.) 

As already explained, each of the six component 
balances operates in a manner similar to that of an 
weighbridge, where the quantity being 
measured is balanced by the adjustment of rider and 
drop-weights attached to a weighbeam arm. All 
the six weighbeams afe similar in design and con- 
struction, and their general features, pears te the 
method by which the weights can be automati 
adjusted, will therefore be described before 
the mechanical lay-out of the upper section of the 
main balance. A photograph of a typical weighbeam 
(in this case the drag weighbeam) and some of its 
accessories is reproduced in Fig. 12, on page 224. The 
fulcrum of each weighbeam arm, which is of steel and 


spring suspension 
attached to each arm on one side of the fulcrum, and 
is driven by a small electric motor mounted on the 
other side. The leadscrew carries a threaded nut 
weight is fitted with rollers which, bear 1 This 
t is fitted with ae gy a we ng 
rods running alongside the leadscrew. 
eight of the _—— 4 thus ao by the guide rods, oan 
any misa beam and the lead- 
screw is taken mph wpm a9 Thsdup sulehts ao 
carried on a spindle which is suspended from the lead- 
screw side of the weighbeam arm st a point 24 in. from 
the fulcrum. 

When set for automatic control, an attempt to balance 
the quantity being measured is first made by adjust- 
ment of rider position, the drop weight mechanism 
not being brought into action until the rider has 
reached either end of its 16 in. travel. Alternatively, 

and as previously indicated, these adjustments can 
be carried out b means of push-button switches in the 
control room. If the force or moment being measured 
is exactly balanced by the weighbeam load (rider 
weight and drop ee ohh the weighbeam arm remains 
in its datum or balance position, but any variation 
in the quantity being measured disturbs the balance 
and deflects the arm. In order to comply with 
the specified sensitivity of measurement, the auto- 
matic mechanism for adjusting the weighbeam loads 
is brought into play by deflections equivalent to 
0-0005 in. at a point 30 in. from the fulcrum. This 
automatic mechanism comprises three main com- 
ponents: an inductor unit, an amplifier of variable 
gain, and the leadscrew motor. The inducter unit 
consists of a search coil, attached to one end of a 
ighbeam arm, the coil being to swing up 
and ‘down in the horizontal gap between two fixed 
exciting-coils. These coils are wound on a laminated 
iron core, which is regidly attached to a convenient part 
of the structure independently of the weighbeam arm. 
As indicated in the simplified circuit diagram, Fig. 14, 
on on page 224, the exciting coils a and } are wound in 

series-opposition across one phase of a three-phase 
supply; they therefore produce opposing 
fluxes. These fluxes induce in the search-coil an 
alternating-current voltage, the sense and magnitude 
of which depend upon the position of the coil in the 
horizontal gap. This voltage is amplified and used to 
drive the lead-screw motor. 

In practice, the zero-voltage position of the search 
coilis arbitrarily taken as the datum or balance position 
of the weighbeam arm. The voltage — the search- 
coil is fed through shielded cable to mplifier c, 


. | hereinafter referred to as pd we Leagan . It 


is housed in the control room, and the amplified voltage 
is supplied to the armature d of the leadscrew motor. 
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This machine has its armature and field windings 
in a manner similar to those of a separately- 
excited direct-current motor, the field winding e in 
this case being connected across the two phases not 
used for the search-coil. The amplifier is designed 
to produce an output voltage which is approximately 
in phase with the incoming search-coil voltage ; since 
the field current lags nearly 90 electrical degrees behind 
its applied voltage, armature and field currents are 
produced in the correct phase relationship for the 
eration of full output power from the motor. 
mpensation is made for inequality of losses in the 
magnetic circuits of the upper and lower exciting coils 
and careful electrical and mechanical design of the 
inductor unit ensure that “‘ repeat ’’ zero voltage indi- 
cations are given for the same mechanical datum 
position of the weighbeam arm. Mechanical stops are 
provided at the inner ends of these coils in order that 
they should be definitely located in relation to the 
search-coil, and to ensure that any expansion of the 
coils themselves due to thermal or other causes must 
occur symmetrically about the horizontal centre line. 

The inductor unit is usually mounted on the side 
of the fulcrum opposite to that of the leadscrew and 
drop-weights, so that variations in the bending of 
the weighbeam arm, due to changes in drop-weight 
load, have, in themselves, no effect on the ition 
of the search-coil in the horizontal gap. In one 
case, the unit and drop-weights are mounted on the 
same side of the fulcrum ; in this instance, however, 
(the weighbeam for the lateral-forces) the search coil is 
attached to a separate lever which runs below the 
weighbeam arm and is. fixed to the latter near its 
fulcrum point. The search-coil position thus remains 
free from the bending effects just mentioned. 

If the weighbeam arm is in its balance position 
no voltage is induced in the search coil, and conse- 
quently no power is supplied from the amplifier to 
the leadscrew motor. The rider weight, therefore, 
remains at rest. When the weighbeam arm is deflected 
from its balance position, the search-coil moves either 
towards the upper or lower of the two exciting-coils, 
thereby supplying power to the leadscrew motor: 
Provided the is set for automatic operation 
the motor then rotates and moves the rider along the 
weighbeam arm in the direction to restore balance, 
the speed of the motor depending upon the amount by 
which the weighbeam arm is deflected. 

The automatic mechanism for controlling the lead- 
screw motor and rider weight, has to follow small 
long-period variations in load, caused by wind-speed 
changes during tests under normal steady load con- 
ditions, and also to respond to the large super- 
imposed variations which occur under stall condi- 
tions. So that the mechanism shall have the necessary 
response for giving the specified sensitivity of measure- 
ment, its actuating search-coil amplifier is designed 
with a variable gain, which is made large enough to 
provide sufficient power for starting the motor when 
the deflection of the weighbeam arm reaches a certain 
minimum value, i.e., the 0-0005 in. at 30 in. from the 
fulcrum, as already mentioned. This particular value 
of the gain, however, is ily when once 
the motor has started, and, if maintained, might cause 
the rider weight to overrun. The gain is therefore 
automatically reduced as the motor speeds up, but is 
increased to its full value as the motorslows down and 
finally stops. By this means the rider is made to 
follow normal changes in aerodynamical loads without 
excessive overrun orlag. For effecting the gain varia- 
tion, a specially-designed polar-inductor type of 

is mounted on the motor-shaft, 
aad the output from this machine is rectified and then 
fed to the amplifier to provide gain control. Thus, 
when the motor is at rest, the full gain 
remains available for starting, but once the motor 
has started, this gain is reduced in proportion to the 
speed of the motor. 

Geared to the leadscrew motor shafting of each 
weighbeam arm is a Selsyn transmitting unit which 
transmits the revolutions of the leadscrew, and thus 
the position of the rider weight, to the appropriate 

receiver in the control room, the dial of the 
receiver being scaled in terms of applied load or moment. 
As already mentioned, both rider and dropweights 
can also be adjusted by means of manually-operated 
switches, and indicators, which show the position of 
the weighbeams as regards balance, are therefore 


fitted on the control-room . These beam-position 
indicators are essentially sensitive aa 
alternating-current meters, which give sensitive indi- 


cation over a restricted of weighbeam displace- 
ment on either side of the zero, or datum, position. 
They derive their actuating voltages through separate 
amplifiers from the same inductor search-coils as are 
used for the automatic control mechanisms, and each 


gives centre-zero indication, its indicating pointer | e 


deflecting to the left or right, depending upon the 
phase of the search-coil voltage ; that is, upon whether 
the weighbeam arm is deflected towards the upper or 
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The mechanism for adding or removing the drop- 
weights from the weighbeam arm is actuated, when on 
automatic control, by relays which operate, as explained 
later, when the rider weight reaches either end of its 
travel. The electric motor operating each mechanism 
continues to run until sufficient weights have been 
added or removed to reverse the direction of the 
weighbeam arm deflection, after which balancing is 
completed by the rider weight. Drop-weight masses 
are alran so that adjustments are made in steps 
1 to the weight of the smallest, the balancing effect 
of which is equivalent to the full travel of the rider. 
The drop-weights vary in shape and size, but for a 
given weighbeam are arranged co-axially one below 
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lower of the two exciting coils of the inductor unit. 


the other. Each has its centre portion removed, so 





that when required it can hang centrally on a conical 
sleeve attached to a vertical spindle ; this, as previously 
indicated, is suspended from the weighbeam arm on 
its leadscrew side at a point 24 in. from the fulcrum. 
The spindle is suspended from the arm by a crossed- 
spring type of joint. Each drop-weight is raised from, 
or lowered on to, the spindle seating by a forked lever 
which engages with horizontal lugs projecting from 
opposite sides of the weight. The levers are ball- 
bearing mounted, and each is operated by a push rod, 
which, in turn, is controlled by a cam ring mounted 
on the outside of a motor-driven cylindrical drum. 
The contours of the cams are formed so that drop-weight 
load is added or removed from the spindle, according 
to the direction of drum rotation, in the equal amounts 
above mentioned. For example, in one position of the 
drum, the load might be increased by the addition of 
a drop-weight equivalent to four units, and by the 
simultaneous removal of a three-unit weight. The 
drum, with its driving motor and associated reduction 
gearing, as well as the levers and push rods, are all 
supported from some convenient structural member. 

The angular position of the drum is used to indicate 
the drop-weight load being carried by the spindle. 
Thie indication is transmitted to the relevant meters 
in the control room by a Selsyn mechanism operated by 
the drum. The latter is prevented from over-running 
at each end of its travel, by stops, contact with which 
causes slipping of a clutch through which the drum 
is driven. In practice, the measuring system of a com- 
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ponent balance is balanced statically prior to a test with 
a certain number of drop-weights on the spindle. 

A diagram showing the basic electrical circuit for a 
weighbeam system is reproduced in Fig. 15. The 
relays which actuate the drop-weight mechanism at 
either end of the rider travel are indicated by a and b, 
and are, in turn, actuated by adjustable -loaded 
limit-contacts on the leadscrew Selsyn receiver mechan- 
ism. Operation of the “ maximum ” limit 
contact actuates the relay which causes the drum motor 
to rotate in a direction to increase the drop-weight load. 
Similarly, the ‘‘ minimum "’ contact operates to reduce 
the drop-weight load. Through the contacts numbered 
3, and the contacts on the beam-position indicator, 
these relays also control the output from the leadscrew 
amplifier to the armature c of the leadscrew motor, 
and thus stop and prevent over-running of the rider at 
the end of its travel. sufficient drop-weights 
have been added or removed, the weighbeam arm 
deflects in the reverse direction; the pointer of the 
beam position indicator reverses its direction accord- 
ingly and thereby restores the amplifier output to the 
leadscrew-motor armature, so that the latter then 
rotates to move the rider weight in the direction 
required for exact balance. This action causes the 
appropriate limit contact on the leadscrew to 
open, thus de-energising the relay then controlling the 
drop-weight mechanism and bringing the latter to rest. 
A definite time interval is allowed between each drop- 
weight operation to prevent unnecessary changes being 
made. The circuit also ensures that a given operation 
is properly completed before the relevant relay opens 
to stop the controlling mechanism. For this purpose, 
a “ maintaining ” cam, consisting essentially of a disc 
with a series of protruding profiles around its periphery, 
is geared to the Selsyn receiver. When the disc rotates 
to bring a profile against the contacts d (in Fig. 15, 
these close and thereby maintain the relay closing coi 
circuit through the contacts 1. The disc is set to 
close this circuit during the critical period of each 
weight change, and to open the contacts at d, when the 
operation is properly completed. If the rider limit 
switching fails, the leadscrew motor is slowed down 
gradually to prevent mechanical shock, a lever, de- 
flected by the rider at either end of its travel, causing 
the motor to start winding up a spring, the increasing 
= a offered thereby bringing the motor gradually 

rest. 

Each weighbeam arm is provided with an adjustable 
damping control, whith enables the damping to be 
set in accordance with the magnitude and variation 
in thé forces or moments being measured. The control 
is obtained by varying the ive sizes of the ports 
which regulate the flow of oil through two circular 
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discs in a dashpot. An oil-filled dashpot, about 5 in. 
diameter, is bolted to one end of a weighbeam arm. 
A pair of horizontal discs of slightly smaller diameter 
than the bore of the pot are arranged inside, with the 
upper side of one in contact with the lower side of the 
other. Each disc has similarly shaped ports for the 

of oil, so that the rotation of one disc relative 
to the other regulates the flow. 

The discs are supported by concentric vertical 
spindles; the outer spindle is rigidly attached to a 
bracket mounted on the balance independently of the 
weighbeam arm. The inner spindle is similarly mounted, 
but can be rotated by means of a motor-operated worm- 
wheel. Movement of the weighbeam arm and dashpot 
forces oil through the ports, so that by rotating the 
lower disc the damping can be controlled. The damp- 
ing motors are push-button operated from the control 
room, and in each case the angular position of the lower 
disc is shown by a small moving-iron type meter, which 
is connected to a rotary resistance potentiometer 
attached to the wormwheel of the driving gear. In 
order to minimise friction due to the electrical 
which runs between the moving framework of the 
various balances and between weighbeams and 
their supports, special flexible connectors are used. 
The connections to each weighbeam arm, for example, 
are made through thin phosphor-bronze strips. 

We may now to describe the layout of 
the upper section of the balance. This section, as 
already mentioned, comprises the component units for 
measuring the lateral forces as well as the pitching, 
rolling and yawing moments. All these units are 
mounted from the turntable carried by the lift-plat- 
form in the lower section of the balance. The simplified 
lay-out sketch, Fig. 16, illustrates the operation of 
the pitching-moment balance. In this arrangement 
the wing-supporting struts are represented as being 
directly mounted on the turntable, although, in prac- 
tice, they are mounted in slide boxes, which are fixed 
indirectly tothe turntable. The tail-supporting strut 
is linked to the downstream end of the pitching-moment 
lever a and this hinges about a horizontal spindle run- 
ning between the two wing struts. The upstream end 
of this lever carries a motor-operated worm, which 
engages with worm teeth on the periphery of a steel 
sector lettered 6. These teeth are illustrated in the 
upstream elevation reproduced in Fig. 17, which is 
an assembly view showing some of the main structural 
features. The sector is also pivoted from the spindle 
and is linked to the pitching-moment weighbeam c, 
Fig. 16, which, as previously mentioned, is mounted 
from the turntable. Thus the couple produced by 
the pitching-moment is transmitted through the sector, 
and balanced by the loads attached to the weighbeam 
arm. The motor-operated worm enables the pitching- 
moment lever to be adjusted in relation to the sector, 
and to control the incidence angle, d, of the model. 

Some of the individual parts of the pitching-moment 
measuring mechanism are also shown in the photograph 





reproduced in Fig. 13, on page 224. The two box 
welded steel frames, which are bolted to the turntable, 
support the pitching-moment lever, the downstream end 
of which is seen pointing downwards. A bridge piece is 
mounted between these two frames, and at each end this 
carries a bracket which supports the horizontal spindle 
by means of crossed-springs. Keyed to the centre 
portion of the spindle is the apex end of the fabricated 
steel sector. This has an effective radius of about 
6 i. 6 in, ond bs arsenged with Ro patter ont vw 
teeth on the upstream side of the wing-supporti 

struts. These struts are attached to the horizon 

slide boxes mounted just above the of the box- 
welded frames shown in Figs. 13 and 17. By means of 
hand-operated leadscrews, the slide boxes enable the 
distance between the wing struts to be varied from 
2 ft. to 4 ft., so as to accommodate models of different 


sizes. 

If, as in Fig. 13, the slide boxes are bolted through 
shims to the top of the two frames, the lift and drag 
forces are transmitted through these frames directly to 
the turntable. In effect, this particular arrangement 
by-passes the units for measuring roll, yaw, and 
lateral force, so that only lift and drag and the pitching 
moment are then measured. Generally, however, the 
shims are removed and the slide boxes attached to 


inverted V. structures which, as well as trans- 
mitting lift drag to the turntable, also operate the 
roll, yaw and side-force balances. 


Returning now to the pitching-moment balance. 
The outer portions of the horizontal spindle accommo- 
date ball bearings which support the two longitudinal 
sides of the pitching-moment lever. As shown in 
Fig. 13, this comprises two cranked members of 
channel section; each is approximately 9 ft. long, and 
braced about 1 ft. apart in order to clear the fabricated 
sector and the centre portion of the spindle. The tail- 
strut side of the lever carries a hand-operated lead- 
screw parallel to the longitudinal side members. A 
socket is threaded on to the leadscrew and engages 
with the lower end of the tail-supporting strut. Opera- 
tion of the leadscrew enables the fore and aft distance 
between the tail strut and the centre line of the two 
wing struts to be varied from 1 ft. 6 in. to 4 ft. The 
upstream side of the pitching-moment lever carries a 
small electric motor. This drives the worm wheel 
which e with the worm teeth on the peri 
of the fabricated sector. By means of this worm, the 
ee ee lever can be rotated on its bearings 
relatively to the spindle, and the tail strut is thereby 
raised or lowered to vary the incidence angle, from 
—5 deg. to +25 deg. from datum position: A short 
link connects the sector to the pitching-moment weigh- 
beam, the system being balanced statically, as in other 
instances, by means of helical springs. ese springs 
join the top of the steel sector to a bracket mounted on 
the turntable, and, as in other cases, a screw and 
handwheel enables the spring tension to be adjusted. 

(To be continued.) 
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LAUNCHES AND TRIAL TRIPS. 


8.8. “ Pompzy LicgHr.”—Single-screw co lier, built 
by Messrs. S. P. Austin and Son, Limited, Sunderland, 
for the City of Pertamouth Electricity Depar ment and 
taken over by the Southern Division of the British 
Electricity Authority. Main dimensions: 242 ft. 
(between perpendiculars) by 36 ft. 6 in. by 16 ft. 6 in.; 
deadweight capacity, 1,780 tons. ‘Triple-expansion 
engines, of reheat design, constructed and installed by 
the North Eastern Marine Engineering Company (1938), 
Limited, Sunderland, and two forced-draught boilers, 
to give a loaded speed of 10} knots. Trial trip, Feb- 
ruary 24. 


M.S. “ AMBRIZETE.””—Single-screw cargo liner, carrying 
12 passengers, built by Messrs. Bartram and Sons, 
Limited, for the Sociedade Geral de Commercio, Industria 
e Transportes, Ltda, Lisbon. Main dimensions: 444 ft. 
by 58 ft. 9 in. by 37 ft. 8 in. to upper deck; deadweight 
capacity, 9,100 tons on a draught of 26 ft. 1 in.; gross 
tonnage, 5,200. Four-cylinder North Eastern Marine- 
Doxford opposed-piston reversible oil engine, of 4,250 
b.h.p., constructed by the North Eastern Marine Engi- 
neering Company (1938), Limited, Wallsend-on-Tyne. 
Mean speed on trial, 15-4 knots. Trial trip, February 25. 


M.S. “ Port BRISBANE.”—Twin-screw refrigerated and 
general cargo liner, for the United Kingdom/Australia 
and ‘New Zealand service of the Port Line Limited, 
London, E.C.3, built by Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, Wallsend-on-Tyne. Main 
dimensions: 559 ft. 10} in. by 70 ft. by 43 ft.; dead- 
weight capacity, 11,500 tons op a draught of 29 ft. 3 in. ; 
gross tonnage, about 12,450. Two six-cylinder opposed- 
piston Wallsend-Doxford reversible oil engines, producing 
together 13,200 b.h.p., constructed by Messrs. Wallsend 
Slipway and Engineering Company, Limited, Wallsend. 
Service speed, 17 knots. Trial trip, February 28. 


M.S. “ Fort DaupHiIn.”—Twin-screw banana-carrying 
vessel, accommodating 12 passengers, built and engined 
by Messrs. Alexander Stephen and Sons, Limited, 
Glasgow, to the order of the French Government for the 
French West Indies serviee of the Compagnie Générale 
Transatlantique, Paris. Main dimensions: 375 ft. by 
52 ft. 6 in. by 29 ft. 6 in.; gross tonnage, about 5,200. 
Two ieght-cylinder Stephen -Sulzer Diesel engines develop- 
ing an aggregate of 8,000 b.h.p. and a service speed of 
17 knots. Launch, March 1. 


MLS. “ THORSISLE.”—Single-screw general cargo vessel 
carrying ten passengers, built by The Burntisland 
Shipbuilding Company, Limited, Burntisland, Fife, 
for A/S Thor Dahl, Sandefjord, Norway. Last of three 
vessels. Main dimensions: 390 ft. by 53 ft. 6 in. by 
34 ft. 6 in.; deadweight capacity, about 6,200 tons 
on a draught of 23 ft.9in. Four-cylinder opposed-piston 
Hawthorn-Doxford Diesel engine, of 4,400 b.h.p., 
supplied by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne, and installed by 
the shipbuilders. Speed, 14} knots. Launch, March 1. 


M.S. “ ADRIATIC Coast.”—Single-screw coaster, built 
by Messrs. Hall, Russell and Company, Limited, Aber- 
deen, for Messrs. Coast Lines, Limited, London, E.C.3. 
Main dimensions: 235 ft. (between perpendiculars) by 
38 ft. by 23 ft. 9 in. to bridge deck ; deadweight capacity, 
about 1,400 tons on a draught of 14 ft..9 in. Bight- 
cylinder Diesel engine, of 1,280 b.h.p., supplied by 
Messrs. British Polar Engines, Limited, Govan, Glasgow, 
and installed by the shipbuilders. Launch, March 1. 


8.8. “Cayton Bay.”—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for the Marine Steam Fishing Company, 
Limited, Hull. Main dimensions: 168 ft. (between 
perpendiculars) by 29 ft. by 15 ft. 3 in.; fishroom capa- 
city, 12,600 cub. ft; gross tonnage, 580. Triple-expan- 
sion engines, of about 900 i.b.p., and one single-ended 
boiler supplied and installed by Messrs. Charles D. 
Holmes and Company, Limited, Hull. Service speed, 
about 12 knots. Launch, March 1. 


M.S. “ TRELISSICK.”—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for Messrs. Hain Steamship Com- 
pany, Limited, London, E.C.3. Third vessel of an order 
for five. Main dimensions: 443 ft. by 56 ft. 6 in. by 
29 ft.; deadweight capacity, about 9,260 tons on a 
draught of 25 ft. 104 in. Four-cylinder opposed-piston 
Doxford marine oil engine, of 3,300 b.h.p., to give a ser- 
vice speed of 13 knots. Launch, March 2. 





EXHIBITION OF PRESTRESSED CONORETE.—A public 
exhibition of prestressed concrete is to be opened by the 
Minister of Works, Mr. Charles W. Key, M.P., at the 
. Institution of Civil Engineers, Great George-street, 
London, 8.W.1, on Wednesday, March 16,at3p.m. The 
exhibition, which will subsequently tour the provinces 
for 18 months, illustrates by means of models and dia- 
grams the principal systems of prestréessing now in use, 
The exhibition will be open from 10 a.m. to 5 p,m.. 
daily until March 25. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue mye publications of engineering interest 
raced F Sees ths Sie Departement of 

are 0} the Sales Department 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 


Attachment and Drive of Circular Saws.—A revision 
of specification B.S. No. 387 to the attachment 
and drive of circular metal-cutting saws for cold 
be engan has now been issued. This new edition has 

been prepared to make provision for the mounting of 
diameter saws, namely, over 60 in. and up to 
72 in., which have come into use since the 
nae was first published in September, 1930. 

0 alterations have been made to the dimensions and 
tolerances of those sizes of saws which were contained 
in the previous edition. The specification ~ gives 
fully-detailed dimensions for the mounting of saws 
from 10 in. to 72 in. in diameter and having centre 
holes from 1j in. to 6 in. The loose-flange type of 
drive is the one prescribed. For convenience in cata- 
loguing and ordering, a reference number is 2 pase for 
each standard drive. [Price 2s., postage included.} 


Load-Bearing Walls.—The Codes of Practice Com- 
mittee for Civil Engineering, Public Works and Build- 
ing, which works under the egis of the Ministry of 
Works, has issued, in final form, Standard Code of 
Practice CP No. 111, covering “ Structural Recom- 
mendations for Load- Bearing alls.” Recommenda- 
tions are made regarding the materials to be used, the 
maximum ible stresses and the methods of 
d and construction. In recent years, the n 
thic’ of a wall has been determined by relating 
to either (a) the height and length of the wall, or (b) t the 
perro carried by the wall, in conjunction with 

it Code 
(b) only. 


permissible stresses. The 
Seals with the design of walls based on method 
Methods of determining the compressive 
structural units and the water absorption of bricks, 
strength tests for alternative materials and methods of 
construction, and the requirements to which hydraulic 
and quick-hardening limes should conform are described 
in appendices. [Price 5s., postage included.) 





BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Report 
of the Building Research Board. With the Report of 
the Director of Building Research for the Year 1946. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 1s. 6d. net.) i 

Science in Liberated Europe. By J. G. CROWTHER. 
The Pilot Press, Limited, 45, Great Russell-street, 
London, W.C.1. [Price 18s. net.] 

Ministry of Labour and National Service. Factory Depart- 
ment. Electrical Accidents and Their Causes, 1947. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 9d. net.] 

National Smoke Abatement Society. Proceedings of the 
Cheltenham Conference, 29th September to 1st October, 
1948. Offices of the Society, Chandos House, Bucking- 
ham-gate, Westminster, London,S.W.1. [Price 3s.6d.) 

Standard Handbook of Industrial Leathers. Dealing with 
the Production, Testing, Application, Care and Main- 
tenance of Industrial Leathers. Edited by D. Woop- 
ROFFE. The National Trade Press Limited, Tower 
House, Southampton-street, Strand, London, W.C.2. 
[Price 25s. net.] 

Fuels and Lubricating Oils for Internal-Combustion 
Engines. By Dr. B. PuGH and J. M. A. Court. Sir 
Isaac Pitman and Sons, Limited, Parker-street, Kings- 
way, London, W.C.2. [Price 15s. net.] 

Technical Metalcraft for Schools. A Course of Practical 
Instruction Intended to Develop Skill in Craftsmanship 
Through the Medium of Present-Day Methods of Metal 
Working. By J. R. FerGcuson. B. T. Batsford, Limited, 
15, North Audley-street, Mayfair, London, W.1. 
[Price 7s. 6d. net.) 

Electrician’s Maintenance Manual. Dealing with the 
Installation and Maintenance of Electric Motors, Other 
Electrical Rotating Machines and Control Gear. By 
W. E. Srewarp. Second (revised) edition. George 
Newnes, Limited, Tower House, Southampton-street, 
Strand, London, W.C.2. [Price 6s. net.] 

Calculus and Applied Geometry. By J. 
HARVEY. Hutchinson’s Scientific and Technical 
Publications, Stratford-place, London, W.1. _ [Price 
258. net.] 

Fine Surface Finish for Designers, Draughismen, Engin- 
eers, Inspectors, Mechanics and Engineering Studenis. 
By Sypney F. Pace. Chapman and Hall, Limited, 
37, Eesex-street, Strand, London, W.C.2. [Price 16s. 
net.] 

Tank Museum Guide: "An Ilustrated Record of the 
Development of the British Tank. Part One, 1915-1918. 
[Price 1s.] Part Two, 1919-1939. [Price 1s. 6d.) 


R.A.C. Publications, Bovington Camp, Wareham, 





Dorset. 








PERSONAL. 


COLONEL Sik W. CHaRLEs Wricurt, Bt., G.B.B., 0.B., 
who was 73 on January 12, has decided to retire from the 
board of Richard Thomas and Baldwins, Limited, 17, 
Park-street, London, W.1, on March 31. 


Str ROBERT ROBINSON, President of the Royal Society, 
has been elected honorary member of the Parliamentary 
and Scientific Committee. 


Dr. 8S. G. Hooker, O.B.E., B.So., D.I.C., A.F.R.Ae.S,, 
who has done much work on gas-turbine development, 
has joined the staff of the Bristol Aeroplane Company, 
Limited, as assistant to Mr. F. M. OWNER, chief engineer, 
Aero-Engine Division. 

Mr. J. P. Forp has joined the “ Associated British 
Oil Engines Limited— Brush Electrical Engineering Com- 
pany, Limited ” group and has been appointed a joint 
general manager of British Oil Engines (Expo:t), 
Limited. 

Mr. C. R. Ettiorr, B.Sc., A.M.I.C.E., who has been 
on the staff of Messrs. Coode, Vaughan-Lee, Frank and 
Gwyther, consulting engineers, in charge of works for a 
number of years, has been taken into partnership. The 
name of the firm remains unchanged and it will continue 
at 9, Victoria-street, London, 8.W.1. 


Mr. A. E. Hammett, M.Inst.T., commercial super- 
intendent, British Railways, Southern Region, has been 
appointed commercial superintendent, London Midland 
Region, as from March 1, in place of Mr. W. P. Brap- 
BURY, who is retiring. 


Mr. Parmip R. Mossay, M.A., A.M.I.Mech.E., who 
joined Laurence, Scott and Electromotors, Limited, 
Manfield House, Southampton-street, Strand, London, 
W.C.2, in 1931, has been elected a director of the com- 
pany. 

Mr. F. W. MAIN, M.I.E.E., technical director of Enfield 
Cables Limited, Victoria House, Southampton-row, 
London, W.C.1, retired on February 28, but remains on 


of the board of the company. 


WING-COMMANDER N. J. HULBERT, M.P., has been 
appointed a director of the Metropolitan-Vickers Elec- 
trical Export Company, Limited, Trafford Park, Man- 
chester, 17. 

Mr. OvE N. Arup, M.I.Struct.E., consulting engineer, 
Colquhoun House, Broadwick-street, London, W.1, and 
19, Merrion-square, Dublin, Eire, is taking into partner- 
ship three senior members of his staff, Mr. R. 8S. JENKINS, 
Mr. G. Woop, and Mr. A. Youne. The firm will be 
known, in future, as OVE ARUP AND PARTNERS. 


Mr. H. W. WrinuaM, hitherto assistant manager of 
Messrs. Armstrong Whitworth and Company (Pneumatic 
Tools), Limited, Close Works, Gateshead-on-Tyne, 8, has 
been appointed to succeed the late Mr. ERNEST LYALL 
as manager. At the same time, Mr. H. H. E. GEORGEL 
has been appointed sales manager, while Mr. W. E. J. 
ADAMs continues as works manager. 

Messrs. W. P. BUTTERFIELD LIMITED, engineers and 
tank manufacturers, Shipley, have opened a branch 
office in National Employers House, 36, Cannon-street, 
Birmingham, 2 (Telephone MID 5250). Mr. E. J. 
Norton is in charge. 


Messrs. THE Moron GEAR AND ENGINEERING CoM- 
PANY, Limirep, Chadwell Heath, Essex, have now con- 
cluded their sole selling arrangements with Messrs. E. H. 
JonEs (MACHINE TOOLS) LimITeD, and in future their 
machine tools and other products will be obtainable from 
Buck AND HICKMAN, LIMITED; ROCKWELL MACHINE 
Too. Company, LIMITED ; and STEDALL MACHINE TOOL 
COMPANY, as well as from E. H. Jones (MACHINE Toors) 
LIMITED. 


Messrs. DOwDING AND DoLit LimiTepD, Greycoat- 
street, Westminster, London, S.W.1, have been appointed 
sole selling agents in the United Kingdom for the polish- 
ing and buffing machinery manufactured by the ACME 
MANUFACTURING COMPANY, 1645, Howard-street, Detroit, 
16, Michigan, U.S.A. 

Messrs. BROOKHIRST SWITCHGEAR LIMITED, North- 
gate Works, Chester, advise us that as from March 14 
the address of their London office will be Alliance House, 





12, Caxton-street, S.W.1. (Telephone: WHltehall 
9904.) 

Messrs. WELLINGTON TUBE WORKS LIMITED, Great 
Bridge, Tipton, Staffordshire, have opened a London 


office at 36, Victoria-street, S.W.1. (Telephone: ABBey 
1326-7.) The firm’s London representatives are Mr. J. A. 
BLACKBURN, Mr. G. C. Parks and Mr. A. C. SORRELL. 
The address of the company’s London warehouse, at 
Stonehouse-street, Clapham, S8.W.4 (Telephone ; MACau- 
lay 1182-3) remains unaltered. 

THE MOND NICKEL COMPANY, LIMITED; MEssRS. 
HENRY WIGGIN AND CoMPANY, LimITED; and MOND 
NIcKEL (RETIREMENT SysTEM) TRUSTEES, LIMITED, are 
removing their head offices from Grosvenor House, Park- 
lane, to Sunderland House, Curzon-street, London, W.1, 
on March 28. (Telephone: GROsvenor 4131.;, tele- 
grams: Nictatio Telex London.) 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 
Scottish Steel.—Pig-iron production continues steadily 
at the reduced level caused by the withdrawal of Colvilles’ 
No. 1 Dlast-furnace for relining, but steelmakers are 


month the rate of production in the United Kingdom 
exceeded 16,000,000 tons per annum. The necessary 
supplies of serap and other raw materials are being 


materials, particularly sheets of No. 12 gauge and thinner, 
and cold-rolled strip, the shortage of which appears 
rather to be increasing. 


plates, sheets, bars, and sections up to the end of 1949, 
and are prepared to place extra specifications to cover 
their requirements. Shipments of plates to Canada will 
probably be made during the next few months, and orders 
are also expected for sheets. 

Scottish Coal.—An output only some 3,000 tons short 
of the weekly target average of 500,000 tons in the final 
week of February raised the average production from the 
deep mines during the month to 485,900 tons, as compared 
with 474,800 tons in the same month last year. The 
result was attained with 83,200 wage-earners—1,000 
more than in 1948. The deficit between actual produc- 
tion and the target is now just over 100,000 tons. The 
improvement last month was timely, making distribution 
to consumers slightly less difficult. Industrial and 
steam coals are adequate for manufacturing purposes ; 
reserves continue to decline in most cases, but only a 
few undertakings require special assistance. The propor- 
tion of graded fuel is not satisfactory, and although 
production has been improving, the demand still far 
exceeds the supply. Subject to the weather, the domestic 
coal problem appears likely to be solved. The basic 
allocation to merchants is being honoured in full, while 
about 4,000 tons a week of round coal has been arranged 
from the North of England until March 21. Operating 
margins are small for the railways and the gasworks, 
but sufficient fuel is being provided for the present. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Several of the leading firms report 
an accession of orders in heavy steel and engineering. 
Shortagescontinue to hamper many of the steel-consum- 
ing industries, especially in high-carbon sheets and bars. 
Complaints are made that it has not been possible to 
increase prices sufficiently to offset the cost of wage 
advances and National Insurance. Steady progress 
continues to be made in installing new plant and maehi- 
nery, and some heavy work is being tackled at week-ends 
by maintenance staffs. There is a world demand for 
heavy hollow forgings, in the manufacture of which 
Sheffield firms take a lead.’ Messrs. Thos. Firth and 
John Brown have completed the first of three 57-ton, 
48-ft. high-pressure boiler drums for Copenhagen. It 
will resist a pressure of 1,850 lb. per square inch. Allo- 
cations of steel to small users under the revised system 
arte working wel], and a further change has come into 
operation under which a bulk allocation is made to the 
Sheffield Cutlery Manufacturers’ Association who, in 
jurn, sub-allocate to cutlery manufacturers. This 
avoids the former cumbersome practice of constant 
applications to the Ministry of Supply. 

South Yorkshire Coal Trade.—Supplies of’ coa] are 
on @ fairly satisfactory scale in spite of disturbance of 
colliery working by damage caused to overhead equip- 
ment during the gales. Strong efforts are being made 
by coal merchants and municipal authorities to obtain 
fuller allocations of house coal. It is contended that 
Rotherham steel employees engaged in the export drive 
in fron and steel, have to go home to fireless houses 
because the gas-coal types of house coal formerly delivered 
to the domestic market are being exported. The 
demand for coking, gas, and locomotive coal is strong. 

SSS 

Tue Late Mr. F. G. WappInaTon.—We note with 
regret the death of Mr. Frederic Greenwood Waddington, 
which occurred at his home at Eltham, Ként, on March 2. 
Mr. Waddington, who was 64 years of age, relinquished 
the post of manager of the turbine sales and turbine 
contracts department in the Fraser and Chalmers Engi- 
neering Works of the General Electric Com pany, Limited, 
as recently as February 1. He had been closely associated 
with the department for 37 years. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
General Situation.—Home and overseas buyers of iron 
and steel still wish to place orders, but the volume of 
business passing is not extensive. Producers are running 
Plante at high-pressure but the enormous outputs are 
still vastly short of the demand. Most descriptions of 
raw materials are wanted in much Jarger quantities than 
are coming to hand. The continued gradual increase in 
the outpute of the Cleveland ironstone mines cam be 
reported, but the total yield is stil] much below the ton- 
nage that could be put into immediate use. Importe of 
foreign iron ores are inconveniently light and are eagerly 
taken up as soon as they are unleaded. The continued 
demand for large deliveries of iron and steel scrap is 
yielding satisfactory results from home sources of supply 
and from Germany. Complaints, however, continue 
regarding inadequate deliveries of pig iron. There is no 
reduction in the demand for the various elasses of semi- 
finished and finished material. 
and Basic Iron.—Complaints continue of 
difficulty in obtaining ordinary foundry pig iron in quan- 
tities sufficient for current needs. Consumers are as 
actively engaged as conditions permit on the production 


of light castings and other commodities which continue |: 


in strong request for export, but there appear to be no 
hopes of an early increase in supplies. Makers of basic 
iron are occupied entirely in providing tonnage to meet 
the heavy needs of their own steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite manufacturers are still unable to meet 
the demand for larger deliveries. The position necessi- 
tates the extensive use of refined iron for the production 
of high-quality castings. 

Manufactured Iron and Steel.—Makers of semi-finished 
and finished iron are busily occupied ; contracts in course 
of execution and inquiries circulating are expected to 
keep plants in ful] activity for periods extending into 
the second half of the year. Purchasers of steel are 
pressing for larger supplies than they are receiving under 
delivery obligations. Steel semies, however, are Jess 
scarce than of late due largely to increases in the imports 
of Continental commodities. In the finished branches of 
the steel industry a slight increase in the output of light 
sections is apparent. Any increase in the production of 
sheets would be welcome as home and export demands 
are at a record bigh level and promise to rise further. 
Any expansion of ship construction depends on the 
extent of an improvement in steel allocations. 





NOTES FROM THE SOUTH-WEST. 

CarRpIrF, Wednesday. 
The Welsh Coal Trade.—The arrival of 21 Poles to 
work on the 4,000,0001. colliery development plan at 
Mardy in the Rhondda was the signal for a strike on the 
part of 1,800 miners at Ferndale and Tylorstown. The 
men contended that there were sufficient unemployed 
men locally to do the work. The strike lasted 24 
hours and the men returned to work after it had been 
reported that the management had agreed to suspend 
for a week the employment of the foreign miners until the 
names of local men available had been taken. The 
Portuguese Railways have placed an order for about 
90,000 tons of Welsh coals for delivery over this year. 


Previously they had bought 30,000 tons locally and have. 


now exercised an option they held. The Portuguese 
trade has been one of the best features ef the market 
since the resumption of exports. Last year about 
300,000 tons was shipped to that country and it would 
appear that this total] will be maintained this . year. 
There was a good activity throughout the week in 
respect of deliveries to France. Limited quantities were 
booked for Italy and Egypt, but, pending the new trade 
agreement, business with the Argentine was kept within 
very narrow limits. A good deal of business on foreign 
account could not be handled owing to the shortage of 
available supplies for early delivery. Once again 
operators encountered an extremely heavy request from 
inland, and following recent activity, orders already in 
hand were sufficient to account for almost the whole of 
potential outputs over this month. The railways are 
making heavy requests for supplies but the public 
utilities and the large industrial consumers are also 
making heavy demands. Domestic requirements are 
being maintained. Bunkers are only available in small 
quantities to meet a sustained demand. 











NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


InsT?rcTiION oF ELzZcrrRicaL ENeiIvgErs.—North- 
Eastern Centre: Monday, March 14, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. “ Detection of Winding 
Failures During Impulse Teste on Transformers by 
Oscillographic Methods,” by Mr. E. C. Rippon and Mr. 
G. H. Hickling. Radio Section: Tuesday, March 15, 
5.30 p.m., Victoria-embankment, W.C.2. Discussion on 
“ Planning of ‘ Business-Radio’ Services at Very High 
Frequencies,” opened by Mr. D. H. Hughes. Last Mid- 
land Centre: Wednesday, March .16, 7.15 p.m., De 
Montfort Hall, Leicester. Faraday Leeture on “ Tele- 
vision,” by Sir Noel Ashbridge and Mr. H. Bishop. Insti- 
tution : Thursday, March 17, 5.30 p.m., Vietoria-embank- 
ment, W.C.2. “ Visual Methods in Engineering Teach- 
ing,” by Mr. H. E. Dance. 


INSTITUTION OF PRODUCTION ENGINEERS.— Halifax 
Section: Monday, March 14, 7 p.m., White Swan Hotel, 
Halifax. ‘“ Mechanical Mishaps,” by Mr. G. E. Windeler. 
Edinburgh Section: Wednesday, March 16, 7.30 p.m., 
North British Station Hotel, Edinburgh. Annual Meet- 
ing. “ Valid Incentives,” by Mr. E. C. Gordon England. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, March 
15, 5.30 p.m., Great George-street, 8S.W.1. ‘‘ Deteriora- 
tion of Concrete in Structures,” by Dr. F. M. Lea and 
Dr. Norman Davey. Newcastle-upon-Tyne Association : 
Tuesday, March 15, 6.15 p.m., Neville Hall, Newcastile- 
upon-Tyne. “ Structural Members in Torsion,” by Pro- 
fessor W. Fisher Cassie and Mr. W. B. Dobie. 


CHEMICAL ENGINEERING GrouPp.—Tuesday, March 15, 
5.30 p.m., Geological Society, Burlingten House, Picca- 
dilly, W.1. Film: “ Beet Sugar Industry in Britain,” 
introduced by Mr.,H. G. P. Tyrer. 


INSTITUTE of REFRIGERATION.—Tuesday, March 15, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s- 
gate, S.W.1. “ Air Cycle Refrigerators in Aeronautical 
Research,” by Mr. B. L. Rathmell. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—tTuesday, March 15, 6.30 p.m., 2, Savoy-hill, W.C.2. 
“The Industrial Equipment and Operation of a Medern 
Factory,” by Mr. Oliver Lyle. 





INSTITUTION OF MECHANICAL ENGINEERS.—Western 
Branch : Tuesday, March 15, 7 p.m., Merchant Venturers’ 
College, Bristol. “ Cinematography in Engineering,” by 
Mr. H. A. V. Bulleid. « Southern Branch: Wednesday, 
March 16, 7.30 p.m., R.A.E. Technical College, Farn- 
borough. “‘ Technique of Radio Valve Manufacture,” 
by Mr. J. W. Davies, Mr. H. W. B. Gardiner and Mr. 
W.H.Gomm. Midland Branch: Thursday, March 17, 
6 p.m., James Watt Memorial Institute, Birmingham. 
Thomas Lowe Gray Lecture: “ Marine Engineering in 
the Royal Navy,” by Eng. Vice-Admiral Sir John King- 
come. Institution: Friday, March 18, 6 p.m., Storey’s- 
gate, St. James’s Park, S.W.1. In conjunction with 
Internal Combustion Engine Group. Discussion on “ Some 
Current Types of Marine Diesel Engines,” opened by Mr. 
C. C. Pounder. 


Royal Sociery or ARTs.—Wednesday, March 16, 
2.30 p.m., John Adam-street, W.C.2. Cadman Lecture. 
“ Reconstruction of British Mining Industry,” by Sir 
Charles Reid and Dr. William Reid. 


RoyaL Unrrep SERVICE INSTITUTION.—Wednesday, 
March 16, 3. p.m., Whitehall, S.W.1. ‘“‘ The Engineer in 
Land Warfare,” by Maj.-General Sir Eustace Tickell. 


INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, March 16, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
“Some Developments, in Locomotive Workshop Prac- 
tice, 1939-48,” by Mr. I. C. Forsyth. 


Drmeset ENGINE USERS ASSOCIATION.—Thursday, 
March 17, 2.30 p.m., Caxton Hall, Victoria-street, S.W.1. 
“ Principles of Diesel-Engine Waste Heat Recovery,” 
by Mr. T. R. Houston. 


INSTITUTION OF MINING AND METALLURGY.—Thursday. 
March 17, 5 p.m., Geological Society, Piccadilly, W.1. 
“ Geophysics,” by Dr. J. M. Bruckshaw. 


ROYAL AERONAUTICAL SocrETY.—Thursday, March 117, 
6 p.m., Institution of Civil Engineers, Great George- 
street, 8.W.1. “‘ The Design of Propellers,” by Mr. J. 
Mullin and Mr. ©. G. I. Gardiner. 

Junior INSTITUTION OF ENGINEERS.—Friday, March 
18, 6.30, p.m., 39, Victoria-street, 8.W.1. “ Structure of 
the Engineering Industry,” by Mr. H. J. Novy. 

Royat InstrrvTion.—Friday, March 18, 9 p.m., 
Albemarie-street, W.1. ‘“‘ Neutron Diffraction by Crys- 
tals,” by Dr. Kathleen Lonsdale, F.R.S. 
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WORKING IN HIGH 
TEMPERATURES. 


ConTRasTED with the enormous effort continu- 
ously expended throughout the whole course and 
scope of modern engineering to improve the working 
efficiency of machines and , the attention 
given to the physiological efficiency of human beings, 
relative to the environment in which they work, was 
woefully inadequate throughout the Nineteenth 
Century, and, even to-day, it can hardly be regarded 
with complacency. In the early days of industrial 
evolution, there was undoubtedly a great deal of 
sheer neglect of workpeople’s conditions; not 
wholly attributable to the factory system, since its 
ill effects, though plainly evident, were not incon- 
sistent with the general social consciousness of the 
times. Moreover, even where there was recognition 
of a problem for which some scientific solution 
could be expected, the knowledge needed for a 
correct solution was lacking, the means to acquire 
it were severely restricted, and the incentive to apply 
it was small. The worst effects were probably 
counteracted by the inherent ability of the human 
body to accommodate itself to environmental change 
and even to become, in some measure, permanently 
adapted to abnormal physicel circumstances. Even 
under the improved hygiene of most modern indus- 
try, this faculty remains of the utmost value within 
its limitations. Beyond them, however, is a widen- 
ing range of conditions in which the need for men to 
work efficiently presents problems for the combined 
skill of physiologists and engineers. 

With only a few exceptions, at present, those 
conditions are comprehended by extremes of atmos- 
pheric pressure and temperature, with their atten- 
dant complications of oxygen content and humidity ; 
and of these, so far as concerns industry in general 
and engineering in particular, high temperature 
is by far the commonest. The fundamental reason, 
it is interesting to note, appears to be that the energy 
used by mankind is predominantly obtained by 
combustion, leading to the release of heat, alike in 
the processes of industry, domestic life and human 
metabolism... Industrial heating operations produce 
hot atmospheres round them, while the basic 





act of mining deep coal entails high temperatures 
underground , the effects of ambient conditions being 





in all cases aggravated by the production of heat 
in the bodies of operatives engaged on hard physical 
labour. Again, fuel. of one sort or another has 
always been relatively plentiful and its transforma- 
tion into fires—once Prometheus had shown the 
way—so simple a matter that. man has been able to 
counteract the rigours of cold more easily than those 


222|0f heat. Simply because a man, adequately fed 


and clothed, can keep himself warm almost anywhere 
on earth so long as he can maintain physical activity, 
and because it is far simpler to build and maintain 
a fire than a refrigerating machine, modern civilisa- 
tions have arisen in temperate or cold climates ; 
and when the people concerned extend their activi- 
ties into the tropics, they are faced with difficulties 
that only recently have begun to be tackled scienti- 
fically. 

For such reasons as these, high ambient tempera- 
vure is ef greater economic importance than other 


230] abnormal conditions and has been studied with 


care and success, more especially in relation to 


239 industries like mining and textile manufacture, where 


the added complication of high humidity may be 
inherent or essential to successful prosecution. 
By impeding the rapid evaporation of sweat pro- 
duced by physical work, high humidity causes the 


234 | body temperature to rise, thereby increasing the 


metabolic rate, establishing a vicious circle and 


236 | seriously disturbing the body’s heat-regulating 


mechanism. Apart from mere physical discomfort, 
insufficient elimination of heat from the body 
produces depression, excessive fatigue and possibly 
heat stroke. Recognition of these basic factors in 
human physiology led the late Professor K. Neville 
Moss,* of Birmingham University, to emphasise the 
great importance of ventilating-air movement in 
promoting evaporation from the skin and respira- 
tory tract. His experiments on human subjects, 
some of whom were coal miners, confirmed the 
merits of retaining a thin garment to absorb sweat 
rapidly from the skin, and of replenishing the salt 
content as well as the water content of the body. 
Sweat contains 2 or 3 parts per thousand of salt, 
and, if thirst consequent upon sweating is copiously 
quenched with water only, the salt content of the 
blood plasma is reduced below its normal 6 parts 
per thousand, causing fatigue and sometimes cramp. 
These effects can be avoided by the admixture of 
a teaspoonful of common salt to a gallon of drinking 
water, or by drinking barley-water, which is rich 
in natural salts. 

In the United States, the study of human physi- 
ology in relation to air-conditioning is encouraged 
by the heat encountered during the summer in 
southern and central parts of that country, but 
again it was primarily at the request of the United 
States Bureau of Mines that some of the most 
important work of the American Society of Heating 
and Ventilating Engineers was undertaken some 
years before the recent war.t Their experimental. 
results revealed interesting relationships between 
duration of exposure to high ambient temperatures 
and the consequent changes in the sensations and 
perspiration of subjects performing a task demanding 
physical effort combined with mental alertness. 
Other changes numerically determined were pulse 
rate, leucocyte count of the blood, weight, body- 
temperature, and vital capacity as indicated by the 
maximum volume of air expelled by a single exhala- 
tion from the lungs. It was deduced that, beyond 
the critical stage at which metabolism is augmented 
by body temperature, the body’s internal reactions 
can no longer adjust themselves to counteract an 
excessively hot environment ; physiological deterior- 
ation is accelerated, and collapse or death is merely 
a matter of continued e It was also 
established that the effects of severity. of environ- 
mental temperature, duration of exposure and rate 
of doing physical work were all generally similar 
in producing ill effects, but that these could be 
guarded against in practice by , observation of 
increase in body temperature or pulse rate, the 
recommended safe rises being about 1 deg. F. and 
40 beats per minute, respectively. 





* « Physiology of Work under High Air Temperature 
Conditions.” By Professor K. Neville Moss, O.B.E., 
M.Sce., Jl. and Trans. J.I.E., vol. 37, page 541 (1926-7). 

¢t Jl. I.H.V.E.,; vol. 7, No. 74,1939. See also ENaI- 
NEERING, vol. 147, page 690 (1939). 
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In addition to work of the same basic character, 
some interesting research in this country, sponsored 
by the Industrial Health Research Board, has 
aimed at assessing the influence of hot environments 
on the efficieney of workmen and their proneness to 
accident. Even in the temperate British climate, 
there are marked seasonal variations of output in 
many industries, while accident rates in mines and 
munitions factories are strikingly affected by tem- 
perature and ventilation. The need for better 
knowledge of these aspects was stimulated by the 
exigencies of the last war, and, to some extent, was 
met by attempts to define upper limits of environ- 
mental temperature relative to various kinds of 
activity or passive sustained attention, which were 
earried out by the Medical Research Council’s 
Applied Psychology Research Unit at Cambridge 
University. These studies, made specifically for 
the Royal Navy, but having much wider applica- 
tions, were ably reviewed by one of the Sections of 
the Royal Society Empire Scientific Conference in 
1946.* They embraced not only work ranging from 
heavy physical labour to semi-automatic tasks like 
the reception of telegraphy signals, but also-the 
concentrated mental effort required for de-coding 
messages, the patience and vigilance demanded by 
uneventful watch-keeping, and the ability to sleep 
restfully. The general outcome of many experi- 
ments was to demonstrate statistically that alertness 
and efficiency fall off remarkably when the effective 
ambient temperature exceeds about 85 deg. F., and 
to exhibit definite relations between the psychologi- 
cal and physiological effects of heat. 

The useful concept of an effective temperature, 
whereby the actual dry-bulb temperature of the air 
is corrected to take account of the effects on the body 
of humidity, radiant heat and air movement, 
becomes essential if observed human reactions to 
environmental conditions are to be translated into 
eomfort zones for use in different industries and 
climates. With its guidance, the purely engineering 
problems of achieving adequate air conditioning in 
hot space enclosures are largely soluble, the addi- 
tional advantages of sterile dust-free ventilating air, 
insulated ducting and measures to prevent the 
cireulation of odours being obvious. The economic 
problems, of course, are another matter, and for 
other reasons also it may be prohibitive to cool the 
whole of a hot working space where the occup:tion 
density is low. In such circumstances, it is often 
practicable to isolate the person from his overheated 
environment or a particular source of heat by a 
barrier, which may take the form of a purtition, 
preferably thermally insulating, such as is some- 
times placed between the driver of an electric 
train and the control resistors; or a water spray, 
used in fire-fighting; or a localised air current, 
exemplified by the ventilators of ships’ engine rooms 
and stokeholds. A variant of the last-mentioned 
- principle which has the advantages of portability 
and of needing comparatively little air is the so-called 
“ cool suit,” comprising a garment into which air is 
delivered from a piped supply so that it flows 
around the wearer’s body before emerging around 
the neck. By appropriate design, such ventilated 
clothing insulates the wearer by a continuously 
renewed envelope of cool dry air. 

It is evident, without further exemplification, 
that a great deal more has been discovered and 
tested than is as yet at all widely practised, of how 
to improve safety and efficiency in many types 
of hot work ; and it is to be hoped that air-condition- 
’ ing engineers, for their guidance in the not too 
remote future, will have recommended zones and 
critical effective temperatures relative to various 
industrial operations in this country. A wide 
field of largely unexplored research, however, is 
presented by the growing industrialisation of re a0 
territories abroad. The gegen are not only t! 
of working intermittently in temperatures aggra-' 
vated by the climate, but also of living continuously 
in unnatural conditions, so that acclimatisation, 
housing, diet, clothing and other human require- 
ments need to be scientifically determined and 
practised if tropical industry is to be as efficient 
and successful as possible. 





* Royal Society. Empire Scientific Conference Report, 
vol. 1, pages 407-445, 





THE NAVY ESTIMATES. 

THE quotation from a leading article in The Times 
of 1849 which appeared in the issue of March 3, 
1949, must have interested many readers who feel 
concern about the present state of the Royal Navy. 
Its theme was the Admiralty’s reprehensible persist- 
ence (as The Times of that day evidently regarded 
it) in building wooden three-deckers in what was 
considered even then to be “the age of steam.” 
Queen Elizabeth, declared the leader-writer, “‘ sel- 
dom condescended to array herself twice in the same 
garments”; but Britannia, in 1849, was still 
more extravagant, for “‘we build ships and never 
deign to try them at all.” The article continued : 
“What are we now building 
Are they to go to sea in their native character; or 
are they to be ‘converted’ and receive engines 
aboard them, like the Nile and the London ; or are 
they to be made steam guardship3, like the Blen- 
heim ; or screw steamers, like the Amphion ; or are 
they, like the Nelson, to rot where they grew, and 
then be built over again? ... The London 92 
[guns], has been built eight years; the Nile nine ; 
and . . . they are now to be transformed into stea- 
mers, without in the meanwhile having been ever 
once sent to sea.” .. . anda deal more in the 
same strain, all of which shows that the popular 
pastime of Admiralty-baiting is no innovation of 
the Twentieth Century. Incidentally, the choice 
of the Nile as an example of a useless ship has proved 
to be not particularly appropriate, for she is still 
afloat and serving a most valuable purpose as the 
famous training ship, H.M.S. Conway. 

In some respects, however, the course of the 
House of Commons debate on the 1949-50 Navy 
Estimates, which took place on Tuesday of this 
week, showed that the feeling of many critics of 
Government policy regarding the peace-time Navy 
is not so widely different from that of The Times 
100 years ago; from which it may be inferred, 
perhaps, that the general conditions are also not 
dissimilar. In one breath, the critics complain 
that ships of existing types are obsolescent, if not 
already obsolete ; in the next, they are demanding 
to know why the completion of half-built ships of 
these obsolescent types is not being expedited. On 
the one hand are objections about the large number 
of ships laid up in reserve—“ in ordinary ” was the 
old term, but now they are “dynamically de- 
humidified,” an expression which seems to require 
both justification and clarification ; on the other, 
are protests that, in this type or that, the Navy is 
lamentably short of its minimum war-time require- 
ments. Arguments of all these kinds were freely 
hurled against the Parliamentary and Financial 
Secretary to the Admiralty (Mr. John Dugdale, 
M.P.) when he introduced the Estimates; and 
while most of the questioners must have known that 
the Minister was not at liberty to reply in any 
precise detail on such matters as involved the 
reasons which had guided the policy of the Govern- 
ment and the Admiralty, it was clear that the 
uneasiness of some of the better-informed among 
them was genuine, by no means allayed, and not 
solely an expression of political captiousness. Any 
taxpayer, and not only the Members of Parliament, 
might be forgiven a strong feeling of personal con- 
cern at an estimated cost of 189,250,000/. as the 
price of naval security for one year, and a desire 
to know what kind and extent of security he is 
getting for such a vast expenditure—not far short 
of 4]. per head of every person in the United King- 
dom, more than 1,2001. per head of all the personnel 
engaged in the naval Service, and 36,250,0001. more 
than the amount voted by Parliament for the Navy 
in the previous financial year. 

On this point, of demonstrating the value to be 
received for the money to be expended, the state- 
ment of the First Lord of the Admiralty (Viscount 
Hall) in explanation of the Estimates was somewhat 
more reassuring than his statement of the previous 
year, though still less positively so than could be 
desired. Lord Hall (and, in the House of Commons, 
Mr. Dugdale) showed that, during the 1948-49 
financial year, the new ships completed for the 
Navy comprised two light fleet aireraft-earriers (the 
Magnificent and Terrible), two destroyers, a frigate, 
two surveying ships, a motor gunboat and a deep- 


three-deckers for ? | Prese” 





diving vessel ; and that, in August, 1948, “it was 
decided to refit an additional number of mine 
sweepers, destroyers and other ships of the Reserv: 
Fleet.” It will be observed, of course, that, whi':- 
the names and descriptions of these new vesse |: 
occupy (being well spaced out) nearly half a pay. 
of the printed Statement (Cmd. 7632), they repr: 
sent in fact only five fighting ships; and of the-: 
the two principal, the aircraft-carriers, have bee. 
transferred to the Royal Canadian Navy and tix 
Royal Australian Navy, respectively. The May- 
nificent is on loan, but the Terrible has been trans- 
ferred outright and is now H.M.A.S. Sydney. 

Omitting these two ships, therefore, but includi: 
the other vessels mentioned, it is found that t)« 
t strength of the Fleet comprises two batt. 
ships (Duke of York and Vanguard) which a: 
described as “active” and three (Anson, King 
George V and Howe) which are “training and 
experimental, ete. (special complements)”; one 
fleet aircraft-carrier “‘ active,” two “training and 
experimental,” and three “‘in reserve or reducing 
to reserve’ and two “in course of construction ”’ : 
four light fleet carriers “active,” two “training, 
ete.” and eight in various stages of construction ; 
one escort carrier (in reserve); 29 cruisers in being, 
of which 15 are “active,” and an additjonal three 
building ; 118 destroyers (33 “‘ active ”) and another 
eight building; 174 frigates (25 “‘active”); 65 
submarines (30 “ active ’’); and various small craft 
and auxiliaries—essential to the Navy, of course, 
but not to be regarded as fighting units unless 
against craft of their own kind. It will be seen that 
this is still a somewhat attenuated Navy, even for an 
Empire (the term is. more convenient than “‘ Com- 
monwealth”’) which has shed large territories, 
population and, ostensibly, responsibilities in the 
past three years. Even so, the figures quoted 
require further reduction before the actual situation 
is revealed, for the battleship Howe and the aircraft- 
carriers Indomitable and Glory are refitting, three 
of the destroyers are to be transferred to the Royal 
Indizn Navy and two to the Royal Pakistan Navy, 
two frigates are going to the Royal New Zealand 
Navy, and two submarines are on loan to the Royal 
Netherlands Navy. Of the 22 fighting vessels 
described as “in course of construction,” work is 
proceeding at only a very moderate tempo on some, 
and not at all on others. 

The First Lord devoted part of his statement 
to questions of personnel and to the operations and 
modernisation of naval barracks and of the Royal 
Dockyards. With matters of personnel we do not 

to deal, save to remark that the abolition 
of the title of “‘ warrant officer ” seems to be rathet 
a quibble and hardly to get to the root of the problem 
of promotion from the lower deck to commissioned 
rank; and that, in matters of amenities afloat and 
in barracks, the Royal Navy is experiencing a 
pressure of circumstances with which the United 
States Navy was confronted many years ago— 
namely, the competition of a higher standard of 
living on shore, to be obtained fairly readily by men 
of mental and physical quality no more than equal, 
and often inferior, to that demanded by the naval 
Service. It is a development which must be faced, 
but it imposes a great burden on the naval con- 
structor who has to accommodate a lot of “ hotel 
facilities,” as well as enhanced military require- 
ments, within hull limitations which are dictated, 
more or less, by those of docks and harbours, 
strategic considerations, and immutable physical 
laws. Of the Dockyard modernisations, however, 
it may be said in general terms that many of them 
are long overdue. It is satisfactory, too, to observe 
that the Royal Dockyards are once again fully 
oceupied on their legitimate activities and ‘are no 
longer obliged to undertake “repayment work 
to keep their — employed while normal 
maintenance refitting of the fleets, active and 
reserve, was allowed to accumulate to such an extent 
that, when it was decided to shorten the operational 
notice of ships in reserve, urgent refits had to be 
farmed out to some of the private yards. This pro- 
cedure has the disadvantage, from the Admiralty 
standpoint, that it involves considerable additional 
expenditure on inspection work, while conferring no 
partieular benefit upon the private establishments 
while their order books continue well filled. . 
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struction of chain-reaction units for power purposes, | June 14, and in the evening a reception will be given 
NOTES. which would be much smaller would be| by the Mayor and Mayoress of Torquay. On Wed- 


InsstrruTion OF MECHANICAL ENGINEERS. 


Tue Institution of Mechanical Engineers and the 
Institution of Electrical Engineers held a joint 
meeting at Storey’s Gate, London, on Friday, 
March 4, to discuss a paper on ‘‘ Causes of Flue Gas 
Deposits and Corrosion in Modern Boiler Plants,” 
which was presented by Mr. W. F. Harlow, Wh.Ex., 


M.L.Mech.E. The chair was taken initially by | process 


Captain (E) William Gregson, M.Sc., President of 
the Institution of Mechanical Engineers, who then 
invited Mr. T. G. N. Haldane, M.A., President of 
the sister Institution, to preside. As a result of 
further research and a fuller understanding of the 
subject, Mr. Harlow amplified and extended the 
information which he gave in a paper in 1943. He 
submitted new evidence to show that, in addition 
to causing deposits and corrosion by the deposition 
of acid in air heaters and economisers, the pheno- 
menon of the catalytic production of sulphuric acid 
in flue gases, by their passage over heated iron 
surfaces, is also primarily responsible for fiue-gas 
deposits and corrosion in all parts of boiler plants. 
Experiments which the author described showed 
that, when flue gases were passed over sand- 
blasted steel surfaces which were maintained at the 
gradation in metal temperatures which can occur 
through a modern boiler plant, sulphur trioxide 
was formed at the high-temperature surfaces, causing 
sulphuric acid to condense on the cooler surfaces. 
When the maximum surface temperature was 
moderated, no appreciable formation of acid occurred. 
Another experiment showed that the production of 
acid also depended on the area of the high-tempera- 
ture surface e , and others showed that the 
use of low-sulphur coal did not necessarily prevent 
the deposition of sulphuric acid with high-tempera- 
ture boiler surfaces, but with low-temperature 
surfaces it could be avoided, even when high- 
sulphur fuel was used. Chemical analyses of deposite 
in air heaters, economisers, and rear boiler tubes 
showed that they resulted from the combination 
of sulphuric acid with the constituents of the flue 
dust and the metal of the heating surface. Mr. 
Harlow reviewed published information on surface 
catalysis, and sought to analyse the full effect of 
catalytic action in boilers. The results were given 
of experimental work on the determination of the 
relative gatalytic effects of steel specimens under 
various conditions, i.e., new, clean, rusted, pro- 
tected by lime and soda, and by a compact black- 
oxide coating. Of two obvious alternative methods 
for the prevention of deposits, the moderation of 
heating-surface temperatures could be discounted, 
but the prevention or reduction of catalytic effect 
might be achieved by protecting the surfaces or 
by the wider adoption of pulverised-fuel firing, 


which had been found to lead to a considerable | P®S8¢D8' 


reduction in deposits and corrosion. 


Prutontom Propvucrion aT HaRweELL. 


The Ministry of Supply announces that plutonium 
—the fissile element which can be used for the 
generation of atomic energy—has been produced at 
the Atomic Energy Research Establishment, 
Harwell, Berkshire, for the first time in this country. 
The process consists in first irradiating an uranium 
slug for several months in the graphite low-energy 
experimental pile, known as Gleep. The slug is 
then stored for some time, so that the intensity of 
its radioactivity decays to a point at which experi- 
mental work can be safely . The plutonium 
is next separated in the form of a salt solution from 
the unused uranium and the highly radioactive 
fission products, a process which is difficult and 
complicated owing to the variety of radioactive 
elements present. The amount of plutonium 
obtainable in this way is small, but is said to be 
sufficient for investigating the chemical and chemical- 
engineering problems which will be met with in 
large-seale handling. It may be recalled that 
plutonium, element 94, was first produced in 1941 
at the University of California by using a Cyclotron 
and that, in a report made to the National Academy 
Committee about that time, it was pointed out that 
its employment might render possible the con- 


necessary were uranjum used, Its employment for 

ing energy at ap explosive rate was also 
envisaged. Two years later a chain-reaction pile 
was constructed at Chicago and it was also decided 


to build a plant with a pile developing heat equiva- | Melling 


lent to thousands of kilowatts and a chemical 
separation plant to extract the product from the 
intensely radioactive gases—isotopes of iodine, 
xenon, and —which are liberated in the 
A site for this was chosen at 
Hanford, Washington, and, alt secrecy is still 
maintained regarding its productive capacity, it is 
known that each unit is capable of separating some 
grammes of plutonium a day from some tons of 
uranium. A pilot plant was also erected at Clinton, 
Tennessee, at the same time, and came into opera- 
tion at the beginning of 1944. Plutonium produc- 
tion is therefore not novel, and the delay in inaugur- 
ating the process in this country may be ascribed 
to other than scientific reasons. 


Lonpon TRaNsPoRT PROJECTS. 

Future improvements in London’s transport 
services were announced by the chairman of the 
London Transport Executive, the Rt. Hon. Lord 
Latham, on Friday, March 4. They include a two- 
mile extension of the Bakerloo line from the Elephant 
and Castle to Camberwell Green, the building of 
two new garages, and the alteration of seven existing 
tramway depots to accommodate the "buses which 
will eventually re; the trams. It is hoped to 
begin engineering work on the Bakerloo extension in 
1950, and it will take three to four years to complete. 
The extension is to run in twin tunnels, about 40 ft. 
to 80 ft. below the ground, along the general line of 
Walworth-road and Camberwell-road to Camberwell 
Green, where reversing sidings will be built to 
improve the frequency of service, which at present 
is limited by inadequate reversing facilities at the 

t and Castle terminus. A mid-way station 
may also be built. The new sidings will increase 
the carrying capacity of the whole Bakerloo line by 
about 25 per cent., by permitting the use of 14 more 
complete trains comprising 98 cars. To accommo- 
date the new rolling stock, which will cost over 
1,000,0001., a new depot, costing over 600,0001., is 
to be built at Stanmore, at the northern end of the 
line. The extension itself will cost about 3,800,0007. 
Although other developments are being actively 
considered, it was decided to begin with the Bakerloo 
extension because it is, apparently, an urgently 
needed project of medium size, which is practicable 
under prevailing economic itions. The - 
ment of the 800 trams by motor "buses is also a long- 
term project, and cannot be carried out until more 
*buses are available; about 1,100 of them are 
needed for this purpose, because of the smaller 
er-carrying capacity of the *bus. Moreover, 
hundreds of old "buses must first be replaced. 
The total cost of the tram to "bus conversion is 
estimated at nearly 10,000,000/., assuming prices to 
remain at their present levels. The conversion will 
begin in the western part of the tram area and extend 
gradually eastwards towards the tram overhaul 
works at Charlton. The two new garages would be 
built at Stockwell and at Rye-lane, Peckham. The 
seven tram depots to be modified are those at 
Wandsworth, Clapham, Camberwell, Thornton 
Heath, Streatham, New Cross, and Abbey Wood. 


British EvecrricaL PowER CONVENTION. 


The first British Electrical Power Convention will 
be held at Torquay from Monday, June 13, to 
Friday, June 18. This gathering may be described 
as a successor to the annual convention of the 
Incorporated Municipal Electrical Association. 
While, however, membership of the latter was 
confined to representatives and officials of local 
authorities owning electricity undertakings (the 
remainder of those attending being technically 
visitors), the meeting this year will be limited to 
delegates from the British Electricity Authority, 
Area Divisions and Electricity Boards. i 
during the first two days will be reserved for those 


although an electrical exhibition will be 





opened by the President (Lord Citrine) on Tuesday, 


nesday, June 15, after a civic welcome, Lord Citrine 
will deliver his presidential address, and a paper on 
“* Meeting the Needs of the Consumer in the Elec- 
tricity Supply Industry ” will be read by Mr. C. T. 
ing. On Thursday, the proceedings will open 
with a paper by Mr. T. G. N. Haldane, President of 
the Institution of Electrical Engineers, on “ Hi 
Voltage Transmission in the Electricity Supply 
Industry.” Supplementary pipers, prepared on 
behalf of the British Electrical and Allied Manu- 
facturers Association and the Cable Makers Asso- 
ciation, will also be presented. These communica- 
tions will be discussed at both the morning and 
afternoon meetings. The annual dinner, at which 
the Prime Minister (the Rt. Hon. C. R. Attlee) will 
be present, will be held in the evening. On Friday 
morning a paper on “The Electrical Contractor’s 
Place in the Industry and His Service to the Public ” 
will be presented on behalf of the Electrical Contrac- 
tors’ Association. There will be a number of social 
functions. 


JUBILEE OF GREAT CENTRAL Railway EXTEnsion 
To LONDON. 

Fifty years ago, on March 9, 1899, the last main 
line to London to be constructed was formally 
opened by the President of the Board of Trade, the 
Rt. Hon. C. T. Ritchie, M.P. The line, which 
terminated at Marylebone station, provided a direct 
connection to London for the Great Central Railway, 
from what had been its southernmost station at 
Annesley, in Nottingham. The initiation and 
execution of the undertaking were due to nearly 
30 years’ efforts on the part of Sir Edward Watkin, 
who was chairman of the Great Central Railway, 
formerly known as the Manchester, Sheffield and 
Lincolnshire Railway, and of the Metropolitan, 
South Eastern and Channel Tunnel companies. 
He hoped eventually to be able to operate through 
railway carriages from Manchester to Dover and 
thence to Paris, over a route which would be largely 
under his control. Fifty years later, Marylebone 
station still has only four platforms (it was laid 
out so as to facilitate the construction of ten or 
more platforms), and the Channel Tunnel is still 
@ project, albeit with adherents. The construction 
of the new extension, particularly at the London 
end, was a substantial engineering undertaking, 
which was very fully described in this journal 
at the time, with many drawings of Marylebone 
station, the goods warehouse, Neasden locomotive 
and carriage sheds, Regent’s Canal wharf and 
roof, and several bridges. The Bill for the London 
extension of the Manchester, Sheffield and Lin- 
colnshire Railway came before Parliament in the 
session of 1891. It proposed the construction of 
98 miles of railway from Annesley to Quainton-road, 
whence access to London was to be secured over the 
tracks of the Metropolitan Railway. The terminus 
was to be near Baker-street, to the west of Regent’s 
Park, reached by cutting through St. John’s Wood, 
and by bordering on, or passing beneath, Lord’s 
cricket ground. The project was opposed by rival 
railways, especially the Great Northern, but the 
most vociferous attacks came from the art colony 
of St. John’s Wood and from the cricketing world. 
The Bill was rejected, but after further negotiations 
a new Bill received the Royal Assent in March, 
1893. The first sod was cut in 1894, but large-scale 
construction was not fully undertaken until 1895 
and 1896. The engineers were Sir Douglas Fox, 
Mr. Edward Parry, and Mr. Francis Fox. The 
works included the construction of a new station at 
Nottingham, the Bulwell viaduct, and a long 
bridge over the L.N.W.R. main line at Rugby. 





REINFORCED CONCRETE ASSOCIATION.—A branch of 
the Reinforced Concrete Association is about to be estab- 
lished in the North-West, and the inaugural meeting will be 
held at the Manchester College of Technology on March 
30. The branch will. serve the counties of Cumberland, 
Westmorland, Lancashire, Cheshire, Flint, Denbigh, 
Merioneth, Caernarvon and Anglesey, and meetings will 
be held generally in Manchester or Liverpool. The chair- 
man of the branch committee is Mr. G. W. Stokes and 
Mr. C. H. Tarr is vice-chairman. The honorary sécretary, 
from whom further particulars may ‘be obtained is Mr. 





8. Williams, 18, Monksdele-avenue, Urmston, Marichester. 
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SIR ARCHIBALD PAGE. 


WE regret to record the death of Sir Archibald 
Page, which occurred at West Hill, Sanderstead, 
Surrey, on Monday, March 7. He was 73 years of 
age. Professionally, Page was well known to en- 
gineers as the constructor of the British national 
electric power transmission system, commonly 
called the grid, and for the part he had played in 
reorganising electrical generation in this country, 
in accordance with the provisions of the Electricity 
(Supply) Act, 1926. Personally, the outstanding 
impression he made upon all 
who had dealings with him 
was that he possessed a par- 
ticularly attractive person- 
ality, and also displayed 
great friendliness towards 
his fellow men. He 
possessed the qualities of 
tact in communication, skill 
in negotiation and sound 
technical knowledge, a com- 
bination which goes far to 
explain the admiration and 
affection with which those in 
the electrical industry re- 
garded him. All these must 
now experience a sense of 
great personal loss. 

Archibald Page was born 
at Alloa, in Scotland, in 1875, 
and was educated at the 
Dollar Academy. He subse- 
quently served a five years’ 
apprenticeship with the 
Broad Street Engine Works, 
Alloa, and then attended 
courses in electrical engineer- 
ing at the Heriot Watt Col- 
lege, Edinburgh, and the 
Royal Technical College, 
Glasgow. On the conclusion 
of this period of training he 
was engaged for a time with 
Messrs. Mavor and Coulson, 
Limited, Glasgow, but in 
1905 he began his long con- 
nection with the electricity 
supply industry. His first 
appointment was that of 
junior engineer at the Port 
Dundas station, Glasgow, but 
during the next 12 years he 
was successively promoted 
until, in 1917, he became 
deputy to Mr. W. W. Lackie, 
city electrical engineer. Dur- 
ing the latter part of this 
time he was concerned with 
the design of a new generat- 
ing station at Dalmarnock 
and the supervision of the 
construction of the first sec- 
tion. Dalmarnock was one 
of the first large generating 
plants, then beginning to be 
known as capital stations, 
the erection of which was necessitated by the grow- 
ing demand for electric power. It embodied a 
number of ideas which, at that time, were novel, 
but are now regarded as commonplace; and it 
was long recognised as an example of how plant 
could be adapted to deal with such local conditions 
as the class of load and type of fuel available. The 
completion of the station, however, was delayed by 
the 1914-18 war, and before its formal inauguration, 
in 1920, Page had been appointed assistant general 
manager of the Clyde Valley Electric Power Com- 
pany, a concern of which he became general manager 
on the death of Mr. David Starr in 1919. 

At that time it was generally realised, as a result 
of the experience gained during the war, that a re- 
organisation of the electricity supply industry was 
necessary. A Committee of the Board of Trade 
therefore recommended the formation of a control 











authority to regulate the generation and distribu- 
tion of electricity and the establishment of District 
Boards to acquire and operate all the generating 
stations in their areas. These recommendations 
were embodied in a Bill, which formed the basis of 
the Electricity (Supply) Act, 1919. This Bill, how- 
ever, was so emasculated in its pissage through 
Parliament, especially by the removal from it of any 
powers of compulsion, that it enabled little 

to be made. In fact, its principal outcome was the 
appointment of an Electricity Commission to “ pro- 
mote, regulate and supervise the supply of elec- 
tricity,” and of this body both Page and his old 
chief, Lackie, became members in 1920 under the 
chairmanship of Sir John Snell. Page’s experience 





THe Late Sm ARcHIBALD PaGeE. 


of both municipal and private electricity supply 
eminently fitted him to carry out the engineering 
portion of this task; and his p>rsonality was of 
further assistance. It soon became clear, however, 
that the complete lack of enthusiasm, combined 
frequently with overt antagonism, in the industry 
would render development on the lines suggested 
impossible without compulsory powers. After a 
period of virtual stagnation, the Electricity (Supply) 
Act, 1926, was therefore passed to provide a solution. 
This authorised the appointment of a Central 
Electricity Board, among whose duties were to be 
the erection of a network of transmission lines inter- 
connecting the principal generating stations through- 
out the country. Generation was to be concen- 
trated in these stations, which were to be operated 
by their owners in accordance with instructions 
issued by the Board. The frequency of supply 








throughout the country was also to be standardised. 

Initially, Page was little concerned with this 
measure, since in 1925 he had resigned from the 
Electricity Commission to become a director and 
general manager of the County of London Electric 
Supply Company, Limited. This appointment, 
however, proved to be only temporary, since in 
April, 1927, he was offered the position of chief 
engineer and manager of the newly constituted 
Central Electricity Board, a post for which, as events 
soon proved, no better choice could have been maile. 
The chairman of the new body was Sir Andrew 
Duncan and, although some critics commented 
dourly on the disproportionate Caledonian flavour 
of this and other appointments to the Board, there is 
no doubt that the piir con- 
stituted an excellent team. 
The provisions of the Act 
were far from palatable to 
certain sections of the elec- 
tricity supply industry and, 
while the Board had the 
advantage over the Com- 
missioners of possessing com- 
pulsory powers, the full 
exercise of them would have 
been unwise. The chairman 
and general manager there- 
fore wisely decided that this 
weapon should be used only 
in the last resort. In the 
event, persuasion and tact 
proved efficacious in most 
eases, and had the further 
advantage of leaving no 
residuum of ill feeling. 

As a result, within the 
short space of five years it 
was possible to bring a net- 
work consisting of 4,430 
miles of transmission line, 
3,039 miles of which operated 
at 132 kV, into use with the 
minimum of friction, and to 
inaugurate a scheme of gene- 
ration which enabled the 
plant available to be utilised 
at the highest efficiency and 
considerably reduced the 
amount of spare equipment 
it was necessary to install. 
The correctness of the policy 
laid down in the’ Electricity 
(Supply) Act, 1926, was fully 
demonstrated before the war. 
Moreover, although designed 
to meet peace-time require- 
ments, it also proved its worth 
during the recent conflict 
when an adequate supply of 
electricity was fundamental 
to the whole war effort. For 
this consummation, Page was 
largely responsible and the 
system he has left behind is 
a not unfitting monument to 
his memory. 

Page received the honour 
of knighthood in 1930 and 
was appointed chairman of 
the Central Electricity Board 
in 1935, in succession to Sir Andrew Duncan. 
He held this position until his retirement in 1944, 
on account of ill-health. He became a member of 
the Institution of Civil Engineers in 1925. His 
connection with the, Institution of Electrical En- 
gineers began in 1909, when he was elected a mem- 
ber. After serving on the council and as vice- 
president, he became president in 1927. He was 
elected an honorary member in 1939, and was 
awarded the Faraday Medal in 1943 “ in recognition 
of outstanding services rendered by him during 4 
long and distinguished career in the sphere of 
electricity supply and particularly for the leading 
part he has taken in the planning, construction and 
operation of the national grid, which has been so 
successfully established and -has proved: of such 
inestimable value in the prosecution of the whole 
of the country’s war effort.” 
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MR. J. H. G. MONYPENNY. 


METALLURGISsTS Will learn with regret of the death 
of Mr. John Henry Gill Monypenny, which occurred 
at his home in Fulwood, Sheffield, on March 2. Mr. 
Monypenny, who was 63 years of age, was well 
known for his research work on corrosion and 
stainless and alloy steels. He received his education 
at the Royal Grammar School, Sheffield, and studied 
metallurgy at the old University College, Sheffield, 
gaining the Associateship in Metallurgy and the 
Mappin Medal. As a young man he joined the staff 
of Brown Bayley’s Steel Works, Limited, Leeds- 
road, Sheffield, 9, where he remained throughout 
his working life. In 1904, he became head of the 
research department of the firm and held this 
appointment until 1930, when he was appointed 
technical representative of the company. When, 
in the spring of 1915, the late Mr. Harry Brearley 
became works manager of the firm, Monypenny 
became interested in the metallurgy of the stain- 
less steels and one result of these studies was 
the presentation of a paper on the structure of 
some chromium steels before the Iron and Steel 
Institute in 1920. He also read papers or de- 
livered lectures on the characteristics and pro- 
perties of the stainless steels, before a number of 
societies, including the Cleveland Institute of 
Engineers and the Faraday Society in 1923, and the 
American Institute of Mining and Metallurgical 
Engineers in 1924. In 1926, Mr. Monypenny pub- 
lished Stainless Iron and Steel, which, we believe, was 
the first book entirely devoted to that subject to be 
issued in this country. Latterly, Mr. Monypenny. 
had turned his attention to steels for high tempera- 
ture service, and his last paper, we believe, was a 
contribution to the Transactions of the Institute of 
Marine Engineers for 1945, on “‘ Stainless Steels for 
Turbine Blading.”’ 

Mr. Monypenny was chairman of the British 
Chemical Plant Manufacturers’ Association from 
1935 to 1938 and was for several years a member 
of the joint Corrosion Committee and Alloy Steels 
Research Committee of tne Iron and Steel Insti- 
‘ tute and the British Iron and Steel Research 
Association. During the late war he also served 
on a number of steel metallurgical committees con- 
cerned with the production of war material. 
Mr. Monypenny retired from the staff of Messrs. 
Brown Bayley in 1945. He was elected a member 
of the Iron and Steel Institute in 1908 and of the 
Institute of Metals in 1919, and was made a Fellow 
of the Institute of Physics in 1923, and of the 
Institution of Metallurgists in 1946. He was a 
member of the Sheffield Metallurgical Association 
and served as President in 1928. 





MR. A. R. COOPER. 


A LINK with the early days of tube railways in 
London has been severed by the death of Mr. Arthur 
Reginald Cooper, which, we regret to announce, 
occurred at his home in Putney on March 8. The 
first chief engineer of the London Passenger Trans- 
port Board, Mr. Cooper was born at Oxford in 1877 
and received his education at Magdalen College 
School in his native town. He served his time in 
the workshops and drawing offices of the Great 
Western Railway, at Swindon, and, after studying 
for a time at University College, London, was 
appointed assistant engineer at the Deptford power 
station of the London Electrical Supply Corporation. 
His long connection with the London Underground 
Railways began in 1901 when he joined the engineer- 
ing staff of the Central London Line, soon after it 
had been opened by .H.R.H. The Prince of Wales 
(afterwards King Edward VII). The line then ran 
from the Bank to Shepherd’s Bush and, altogether, 
there were only 11 route miles of tube railways 
in London. Mr. Cooper took an active part in the 
subsequent extensions of the Tube and Underground 
Railways. After five years with the Central London 
Line he was appointed superintendent of the 
Bakerloo Line, opened in 1906, between Baker 
Street and Lambeth North. In 1908, his duties 
were extended to include those of engineer of the 
Metropolitan District Railway. Afterwards, when 
the London Underground Railways were linked, 


the Metropolitan District, the London Electric, the 
City and South London, and the Central London. 
He was appointed chief engineer of the London 
Passenger Transport Board when this was estab- 
lished in 1933 and retired on December 31, 1937. 

Probably Mr. Cooper’s most important single 
work was the widening of the District Line between 
Hammersmith and Northfields, a scheme initiated 
by Lord Ashfield. This widening enabled Picca- 
dilly Line trains to be run express between Hammer- 
smith and Acton Town, constituting the Board’s 
first high-speed railway service. Another important 
work was the reconstruction of Aldgate East, where 
the station was moved and a new’ tunnel built 
under one of London’s busiest road crossings. Just 
before his retirement, Mr. Cooper initiated methods 
of quietening tube railway travel, including the 
welding together of rails. He also devoted much 
attention to mechanical ventilation and the mitiga- 
tion of draughts on Underground statjon platforms 
stairs and passages. Mr. Cooper was elected an 
associate member of the Institution of Civil En- 
gineers in 1906 and a member in 1912 ; he became a 
member of the Institution of Electrical Engineers in 
1926. He was also a foundation member of the 
Institute of Transport. 





LETTERS TO THE EDITOR. 


THE ORGANISATION OF 
CONFERENCES. 


To THE Eprror oF ENGINEERING. 


Sm,—Your article on the above subject, on page 
182, ante, omitted one important point—the instruc- 
tion of speakers at conferences. It is a privilege 
and a pleasure to address a responsive audience ; it 
is an intellectural treat to listen to a lecturer, full 
of his subject, who knows the tricks of the trade. 
Lecturing, however, entails more preparation and 
rehearsing than is usually given to it. How dreary 
the business is when badly done, all know. So 
many lecturers glue their eyes to their MS., and 
speak in a subdued voice; if they attempt a 
humorous sally, it is only the front-benchers who 
know what they smile at, and the finest sentences 
are spoilt by the dropping of the voice at the ends. 
Inaudibility is the cardinal sin of speakers in 
lecture rooms, theatres and halls. Chairmen and 
secretaries also sin frequently in this respect. The 
whispering and passing of messages between those 
on the platform is a distraction to the audience 
and a discourtesy to the lecturer. It should be a 
rule that, after the introduction of the speaker, 
the chairman and others should take seats in the 
auditorium, leaving the rostrum entirely to the 
lecturer. ‘‘ Asides” between the lecturer and the 
chairman are most undesirable. 

Clear and deliberate speech which carries to the 
back benches is a duty of all. Faraday, realising 
this, took lessons in elocution, and Demosthenes, 

we are told, had an underground study to which 
he repaired daily to form his action and exercise 
his voice. In the absence of an underground study, 
the garden or an open field is not a bad substitute. 
As to the length of a lecture, it is well to send 
hearers away hungry rather than fed to repletion. 
Sir George Airy once lectured at the Royal Insti- 
tution. An eminent colleague wrote in his diary : 
“The Astronomer Royal lectured to a crowded 
audience, Prince Albert in the chair. Airy forgot 
himself and lectured an hour and three-quarters ! 
The Prince fell asleep.” Fifty minutes is ample, 
and if there are 50 lantern slides, things should be 
right. An average of one a minute is good goi 
A wand should be a part of the outfit of every 
lecturer; it is far better than the electric arrow 
which its drunken path across the screen 
and with difficulty finds its goal. 

In the course of years, one gleans scraps of 
advice and comment. ‘“‘ The true platform favourite 
gives his best to the audience and expects their best 
in return”; ‘‘Confusion and indistinctness are 
unpardonable faults”; and so on. In a letter 
written so far back as June 24, 1686, is the following 
advice. It is to be found in Postman’s Horn, An 
Anthology of the Letters of Latter Seventeenth C 





he became chief engineer of several lines, including 





his son at Trinity College, Oxford. There was then 
a formidable ordeal, the annual ‘“ Act,” when 
Bachelors proceeding to higher degrees engaged in 
solemn debates in the Sheldonian Theatre. ‘ Child,” 
the father wrote, “I pray when you speak in the 
Theatre do not speak like a mouse in a cheese, for 
that will be a great shame instead of an honour, 
but speak out your words boldly and distinctly and 
with a grave confidence, and be sure to articulate 
your words out of your mouth so that everybody 
may hear them plainly. . 
Yours faithfully, 

Back-BENCHER. 
March 1, 1949. 





BRICKWORK IN ENGINEERING 
STRUCTURES. 
To THE Eprror oF ENGINEERING. 

Sim,—I think it may be regarded as a good sign 
for the brick industry, and particularly for the 
engineering brick makers, that the Ministry of 
Works have issued a request to engineers and 
architects to use less steel in buildings, as, in spite of 
record production, steel is still in short supply. The 
modern tendency to use so much steel in building 
construction has always been a surprise to me, as 
the older buildings, containing thd very minimum 
of steel, were stable; and certainly less damage 
was caused in the event of fire. The late Mr. H. M. 
de Colleville, A.R.I.B.A., who was responsible for 
the Portishead generating station, always contended 
that a brick-built structure, containing the minimum 
of steel, was not only of sounder construction, but 
was less expensive to erect, and, in one of his 
published articles, he noted that considerably less 
vibration was observed than in other power sta- 
tions. He recorded that the building, apart from 
equipment, cost 400,0001. to erect, and although this 
appeared to be an enormous sum, it represented 
only le. 6d. per cubic foot, or about three-fifths of 
the cost of a block of flats in London. 

In achieving this result, one of the main factors 
was the use of brick, which is less costly than 
alternative materials. In these days, one hears so 
much of steel construction and reinforced concrete 
that the ordinary man gets the idea that these are 
essential in the case of large structures with imposing 
loads. In the case of the Portishead station, the 
total weight of constructional steel was only 1,800 
tons, whereas in Battersea power station the 
amount of steel used was no less than 15,000 tons, 
costing about 200,000. The brick piers at Portis - 
head power station, which are not reinforced, are 
about 48 ft. above the foundations, and at that 
time carried the heaviest travelling crane in use 
in any power station, the crane weighing 80 tons, 
with a lift of 100 tons, making a total of 180 tons 
rolling load on the piers, which are entirely of brick 
without steel core. A notable feature is that the 
building requires no cross bracing, as is necessary 
with all steel structures. 

After erection, a fire occurred in the turbine house, 
through an oil pipe breaking; the heat generated 
burned the glaze off one panel of brickwork, but the 
steelwork of the roof principals, 60 ft. above the 
seat of the fire, was badly damaged so that one 
partly collapsed. No other serious structural 
damage occurred, but there is little doubt that, had 
steel stanchions been in the same position as the 
nearest brickwork, there would have been a serious 
collapse. There could hardly be better evidence 
that a first-class engineering brick is far more resis- 
tant to fire than a building containing a large 
proportion of steel. Mr. de Colleville also pointed 


going. | out that brick construction is much less costly than 


steel or reinfotced concrete. It is to be hoped that 
the committee‘set up by the Ministry of Works, under 
the chairmanship of Mr. David Anderson, will bear 
in mind the views of Mr. de Colleville, as there is no 
shortage of engineering bricks suitable for this class 


of work. 
Yours faithfully, 

E. Gwynne VEVERS 

Managing Director. 
The Cattybrook Brick Company, Limited, 

37, Queen-square, 
Bristol, 1. 

March 3,1949. 





‘entury, 
by Arthur Bryant. The letter was from a father to 
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THE FOUNDATION OF THE 
ROYAL INSTITUTION. 


Tae Royal Institution of Great Britain was con- 
stituted by a resolution p.ssed at a meeting presided 
over by Sir Joseph Banks at his house in Soho- 
square, London, on March 7, 1799. ' As the present 
year marks the 150th anniversary of this event, it 
was appropriate that the evening discourse on March 
4, the nearest Friday to March 7, should be devoted 
to an address by the present director, Dr. E. K. 
Rideal, in which he gave some account of its begin- 
nings. It is generally known that the Institution 
owes its origin to an American, Benjamin Thompson, 
international amour propre being soothed by the fact 
that the Smithsonian Institute was founded as the 
result of a bequest by an Englishman. 

Thompson was a Count of the Holy Roman 
Empire, and is more familiarly known as Count 
Rumford. He was a man of considerable scientific 
attainment and had views on the nature of heat much 
in advance of his time. His demonstration of the 
boiling of water by the heat generated by the 
boring of a cannon formed one of the key experi- 
ments in the development of scientific ideas. This 
experiment wes carried out in the arsenal at Munich, 
when Rumford was in the service of the kingdom 
of Bavaria. The Elector of that country later sent 
him to England as his representative, but the 
Government refused to accept him in that diplomatic 
office as he was technically a British subject, having | #2 
sided with the Royalists in the American War of 
Independence* and escaped to England in 1776. 
Although he was not accepted as the official repre- 
sentative of the Elector of Bavaria, he continued to 
reside in this country and in the period that followed 
was responsible, among other activities, for the 
foundation of the Royal Institution. 

In addition to his scientitic interests Rumford 
was a practical philanthropist and the Institution 
as constituted under his auspices, in addition to its 
scientific work, operated a school for mechanics 
and concerned itself with the housing of the poor. 
These extramural activities were abandoned after 
Rumford left England in 1802. In his sketch of 
Rumford’s career, Dr. Rideal paid full tribute to 
this attractive side of Rumford’s character and 
exhibited a slide showing his memorial in Germany 
on which his humanistic qualities are recorded. It 
is chiefly, however, by his initiation of an institution 
which has had such profound effect on scientific 
advance that Rumford will be remembered. He was 
pr ote for the engagement of Humphry Davy 

Thomas Young. Davy may be said to have 
inaugurated the brilliant series of scientific develop- 
ments for which the Royal. Institution is justly 
famous. It was to this aspect of his subject that 
Dr. Rideal mainly directed his attention. He did 
not undertake the difficult, or impossible, task of 
recording all the scientific advances emanating from 
Albemarle-street, but, repeating some of the experi- 
ments carried out by early workers, such as Davy 
and Tyndall, related them to the more elaborate 
and extensive developments which the progress of 
physical science has made possible. 

In view of the special nature of the occasion, the 
normal practice at meetings of the Royal Institution 
was depirted from and some introductory remarks 
were made by the chairman, Lord Brabazon, the 
President of the Institution. He referred to the 
important contribution made to the resources 
and the scientific productivity of the Royal Insti- 
tution by the endowment of the Davy- Faraday 
research laboratory by Dr. Ludwig Mohd in 1896. 
An aspect of this matter was referred to by Dr. 
Rideal in his closing remarks. It is generally 
realised, and admitted, that many scientific pro- 
blems have proved themselves so complicated 
that very extensive equipment and teams of 
workers are necessary for their solution. This, how- 
ever, does not lessen the value of, nor eliminate 
the necessity for, individual workers of genius who 
by their personal ability can open new tracks into 
the unknown. From its beginnings until to-day, 
the Royal Institution has formed an outstanding 
example of a type of organisation which enables 
such men, with whom this country has been particu- 
larly well endowed, to give of their best. 





MIXED-TRAFFIC ELECTRIC LOCO- 
MOTIVE FOR SOUTHERN REGION. 

Tue photograph reproduced in Fig. 1, and the eleva- 

tion and layout plan in Figs. 2 and 3, on the opposite 

are of a mixed-traffic electric locomotive, No. 

» which has been in service on the Southern 
Region, British Railways. The, design incorporates 
improvements based on the experience gained with 
two experimental locomotives, Nos. 20001 and 20002, 
which were completed in the early of the war. 
One of these locomotives was briefly described b 
Mr. O. V. S. Bulleid in a paper read before Section 
of the British Association year, an abridgment 
of which was given on 68 and 94, ante. The new 
locomotive is desi to run on direct current at 
600 volts, supplied from a third rail or an overhead 
conductor . The maximum service speed is 
75 miles an hour, and the “ balancing ” with a 
425-ton train is 66 m.p.h. The nomi maximum 
tractive effort is 45,000 lb.; the one-hour rating trae- 
tive effort is 19,500 lb. at 28-5 m.p.h. ; and the tractive 
effort at continuous rating is 11,130 Ib. at 35-5 m.p.h. 
The locomotive weighs 105 tons, and the principal 
dimensions are given in . 2 and 3. 

Electrical operation on the former Southern Railway 
was generally restricted to multiple-unit passenger 
services. Boat trains and goods trains, however, cannot 
be handled in this way, and are therefore operated 
mainly by steam locomotives. The experimental elec- 
tric Seusenetinas were built to haul these types of traffic. 
In comparison with steam locomotives, which require 
frequent shed attention, they are available for traffic 
for long continuous periods, and as, on the Southern 
~~ mger trains are operated mainly by day 

freig t cals: mainly by night, a mixed-traffic type 
of locomotive was considered to be most suitable if 
the electric motive power available was to be fully 
pena No. 20003 is capable of operating heavy 
goods trains or express passenger trains, but, in case 
, og i should Agrees sogeved at any time, the 
lows two such locomotives to be coupled and 

run as one unit. 

The principal problem to be solved in the design of 
the locomotive was to provide electrical equipment 
which would accelerate a train at a reasonable rate, 
run economically when hauling either heavy freight 
trains not fitted with brak: s, or express trains, 
at the appropriate speeds, and be capable of maintain- 
ing traction on a heavy train when passing over the 
longest gaps in the third rail. These requirements are 
met by an arrangement of a motor-generator, or 
booster set, the generator-field current being varied 
to give the desired control of the locomotive. The 
driver’s controller is pee with 26 notches, all 
of which are “ notches, so that the operation 
of the Loceitien inn is amply flexible. There are two 
booster sets, one to each (Fig. 3), each consisting 
of a 600-volt direct-current motor coupled to a genera- 
tor, the output voltage of which can be regulated 
between 0 and + 600 volts. A heavy flywheel is 
mounted on the shaft between each motor and genera- 
tor, and is provided with an electro- ically 
operated Ferodo-lined brake acting on 2 ie ioe 
in an em The traction motors, one to each 
axle, are series wound and pressure ventilated, with 
one field i i and two stages of field diversion. 
Each is desi to run on 400-volt direct current ; 
the one- bourt rating is 245 h.p. per motor, and 1,470 h.p. 
for the locomotive. Cooling air is ied to each 
motor at the rate of 1,350 cub. ft. per minute. The 
three motors of each bogie are connected in series with 
the generator of the ropriate booster set, the 
generator being conn between the second and 
third motors. The motors are nose-suspended and 
drive the axles through straight spur gearing, with a 
ratio of 65 : 17. 

The first fifteen notches of the controller are for 
starting conditions. The booster-generator field is 
excited so that the generator supplies an electromotive 
foree which is slightly less than the line voltage and 

opposing it, whatever the value of the line voltage 
happens to be. The condition is described as “ booster- 
generator bucking.” Current flows through the 
generator in a direction opposing the electromotive 
force generated by it. Thus, the generator acts as a 
motor and delivers power to the booster shaft. The 
power is absorbed by the booster motor which acts as a 
generator, and is connected across the traction motors 
and generator. In this condition, the voltage across 
the three traction motors in series is equal to the line 
voltage less the booster-generator v At the 
sixteenth notch of the cbntroller, the voltage across 
the booster generator is zero, and the full line voltage 
is applied across the three traction motors, i.e., 200 volts 
to each motor. Under boosting conditions, from notch 
17 to notch 26, the generator field is excited so that the 
generator electromotive force assists the line voltage, 
the booster motor and generator fulfilling their nominal 
functions. The voltage across the three traction 
motors in series is equal to the line voltage plus the 





booster-generator voltage. At full boost, this is 
8p ximately double the line voltage, so that the 

across each wndtlon motor is one-third of 
1.200, which is 400 volts. No point in the system, 
however, is raised hi than line voltage. The voltage 
distribution is from to 200 through the first traction 
motor, 200 to —200 through the second motor, —20\ to 
+400 through the booster generator, and 400 to 0 
through the third motor. 

The booster sets are normally started by push 
buttons. Cast-iron grid starting resistances for each 
set are mounted in ventilated compartments at the 
side of the locomotive, sections of the resistances being 
cut out by electro-pneumatic contactors under the auto. 
matic control of current-limit relays, until the booster 
motors are connected directly to the line. The whole 
sequence of events is automatic after the dr'ver has 
preased the starting button. When the locomotive, 
running under power, passes over a gap in the conductor 
rail, the starting resistances are restored to the circuit 
by a no-current relay. The sets continue running on 
the kinetic energy of the flywheels, the booster motor 
acting as a plain shunt generator to maintain voltage 
on the traction motors and supply the vacuum-brake 
exhauster. The booster generator continues to 

te as before. When the collector shoes resume 
contact with a conductor rail, the starting resistances 
are again automatically cut out, but using other 
current-limit relays with a higher current setting than 
that used for normal starting of the boosters. this 
way, power is restored step by step, — ea Nr 
to the traction motors and boosters. If the locomotive 
aiieetemetn es dekonion cient ek. it 
would charge the rail to approximately line voltage, 
possibly injuring men working on the line. This is pre- 
vented, therefore, by arranging the circuit so that the 
shoes remain dead unless they are in contact with a con- 
ductor rail which is energised from the source of supply, 
or unless the locomotive is being supplied from the 
pantograph. In the latter case, the shoes can be 
isolated by a switch. 

Voltage relays ensure that no power can be taken 
from a booster set until it is running at its correct speed 
and generating the correct electromotive force. The 
sets are stopped by push buttons mounted in the cabs. 
When a button is pressed and released immediately, 
there is a momentary application of the booster brake 
which, by means of an interlock, breaks the feed to the 
booster control circuit, and the set is allowed to come 
to rest naturally. If the button is pressed and held, 
the set is braked to a standstill. Push buttons and 
indicator lights, sufficient for two locomotives, are 
provided in the cabs. 

The master controller is mounted inside the driver's 
desk, and consists of a horizontal drum carrying « 
number of cams cut from insulating material, each of 
which operates a silver butt-contact switch. The drum 
is driven from the controller handwheel through 
bevel gears. There are also a reversing handle, with 
“ reverse,” “‘ off,” ‘‘ forward full field,” and “ forward 
weak pi 4 Bw p and a control key switch which 
has “ off” positions, the handle being re- 
al in “ “off” position only. Mechanical 
interlocking is provided: when the control key switch 
is thrown to “ on,” the reverser handle can be moved 
to “ forward full field” or “ reverse,” when it is im- 

ible to reverse the control key switch. The main 
wheel can then be moved from the “ off ” position, 
through the first and subsequent notches up to 23. 
The notches 24, 25 and 26 control field weakening by 
two progressive stages of traction-motor field diversion, 
with a field-tap stage. These notches cannot 
be until the reverser handle is moved to the 
“forward weak field” position against a spring. On 
otching back below 24, the reverser handle flies back 
to the “forward full field”’ position. Whenever the 
main handwheel is away from the “off” position, 
neither the reverser handle nor the control key switch 
can be turned to the “off” position. In addition, 
whenever the reverser handle is not at the “ off’’ posi- 
tion, one of the two dead-man’s pedals in the cab 
must be held d by the driver. If the i 
released, the traction-motor current is cut off, and, 
after a time-delay, the brake is automatically applied in 
two stages. 

The rate of acceleration can be varied by the driver, 
subject to the overriding control of over-load relays. 
— ammeters are mounted in the driver’s desk. The 

notches are graded to permit a smooth start when 
freight trains, and the large number of notches 
facilitates the choice of one to any running 
condition. Power supply to the traction motors is 
controlled by electro-pneumatic reversers and con- 
tactors operated by the master controller. The field 
tap is selected by an electro-pneumatic changeover 
switch. Part of ‘the field winding of each booster 
apres is supplied from a battery. The windings 
in series with one another and with a 

bank of regulating resistances. The other field wind- 
ings are capped from the line; they also are con- 
nected in series with one another and with a set of 
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regulating resistances. Field reversing and discharging 
are effected by electro-pneumatic contactors. The 
traction motors and the associated control equipment 
for each bogie have been kept electrically and physically 
se te, as far as ible, so that a fault does not 
a more than half the power of the locomotive. In 
the case of the booster-generator low-tension and line 
fields, changeover knife switches are provided to 
enable one booster-set field to be cut out and replaced 
by substitutional resistances. 

The main control equipment is mounted on two 
frames in the body of the locomotive, one on each side 
of the train-heating boiler compartment (Fig. 3). 
Each frame carries the line breaker contactors, booster- 
starting contactors, reverser, field tap switch, relays, 
etc., appertaining to one booster set and three traction 
motors. The No. 1 frame also carries the shoe-isolating 
switch, the no-current relay and the earth fault relays. 
Less-bulky control equipment, including the boiler- 
control ‘panel, and field-control and reversing con- 
tactors, is mounted against the left-hand side of the 
locomotive. Control switches for auxiliary lighting. 
compressor, exhauster, boiler, etc., are housed in cup- 





boards in the driver’s compartments. Current for the 





control circuits and for battery charging is provided 
by a 600/150-volt motor-generator set of 9-kW capacity. 
A 98-cell nickel-cadmium Nife battery of 70-ampere- 
hour capacity is Carried in two compartments on the 
right-hand side. The compartments are adequately 
ventilated and the doors are on the outside of the loco- 
motive body. The battery is connected to the motor- 
generator set and normally receives a small trickle 
charge. If the set fails, the battery supplies the con- 
trol circuit, the main booster-set low-tension fields, the 
lights and a small exhauster. 

Current is collected from the conductor rails by eight 
standard Southern Region collector shoes. A double- 
pan pantograph is mounted in the middle of the roof 
to enable current to be collected when the locomotive 
is working in sidings. It is spring operated and exerts 
a pressure of 28 Ib. on the overhead wire. The mini- 
mum working height is 13 ft. 3 in. above rail level, 
and the maximum working height is 21 ft. 6 in. The 
pantograph fuse is of the enclosed cartridge high rup- 
turing capacity type, mounted in the locomotive body. 

Steam for train heating is supplied by a 380-k 
electrically-heated single-drum boiler. It will deliver 
1,000 Ib. of steam per hour, which is sufficient for a 





12-coach train. The boiler is mounted on a feed- 
water tank, both being enclosed in a separate compart- 
ment in the body of the locomotive. Tank-filling 
openings are provided in the body side. The heating 
elements consist of open-coil helically-wound wires 
stretched in quartzite tubes which are inserted in the 
boiler tubes. There are 144 elements, connected in 
series in groups of six, with a separate cartridge-type 
fuse to each circuit, and a main fuse for the whole 
circuit. The elements are supplied with current in 
three groups through separate contactors controlled 
by steam-pressure switches, which are calibrated to 
operate at three slightly different pressures to ensure 
that the number of elements in use depends on the 
steam demand. When the locomotive passes over a 
gap in the conductor rail, the boiler, being fed from the 
shoe side of the main-line breakers, is isolated from the 
booster sets, and thus cannot utilise the booster kinetic 
energy. Feed water is supplied by an electrically-driven 
horizontal reciprocating pump which is controlled by 
a water-level operated switch. The boiler is protected 
against the effect of low water level by a safety thermo- 
stat connected by a copper strip to the top row of 
element tubes. 
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Compressed air for the locomotive brakes is provided 
by two Westi motor-driven com rs of 
25 cub. ft. per minute capacity, suspended under the 
locomotive frame between the bogies. The compressors 
also supply air for sanding gear, whistles, window wipers, 
pantograph and electro-pneumatic control gear. The 
train vacuum brakes are connected to two Reavell 
motor-driven exhausters, one operating at line voltage 
and the other from the 150-volt battery ; the latter 

ent is provided to maintain the vacuum 
when the locomotive is ing over very long gaps 
in the conductor rail. sections of the roof 
of the locomotive are removable to facilitate the lowering 
and raising of the larger components. Cooling air for 
the boosters and traction motors is admitted through 
large openings above the body cantrail opposite the 
boosters. Air for the boosters passes through remov- 
able brush-type filters; air for the traction mctors is 
not filtered, but passes through ducts to blowers on 
the booster-set shafts, thence to the motors. ; 

The mechanical parts of the locomotive were koe oy 
and built to the irements of Mr. O. V. 8. Bulleid, 
M.1.Mech.E., Chief Mechanical Engineer, Southern 
Region, in the Railway’s workshops. The electrical 
equipment was developed from that originally designed 
for the Railways’ first electric locomotive (now No. 
20001), for ich Mr. Alfred Raworth, M.I.E.E., 
formerly Chief Electrical Engineer of the Southern 
Railway, was responsible. This original scheme was 
supplemented, and in some aspects i by 
Mr. C. M. Cock, M.I.E.E., the last Chief ical 
Engineer of the Southern Railway before nationalisa- 
tion. The English Electric Company, Limited, were 
the contractors for both electrical ipments. The 
design of No. 20003 embodies the of experience 
gained with these two locomotives over a period of 
eight years. The electrical ipment, with the 
exception of the control battery and compressors, was 
supplied by the English Electric Company, Limited, 
acting as main contractors, to the requirements of Mr. 
§. B. Warder, M.I.E.E., Electrical Engineer, Southern 


Region. 


THE IRON AND STEEL INSTITUTE. 


Tue eightieth annual general meeting of the Iron 
and Steel Institute will be held on Wednesday, April 27, 
in the Lecture Theatre, Central Hall, Westminster, 
London, 8.W.1, and on Thursday, April 28, at the 
Institution of Mechanical Engineers, Storey’s Gate, 
London, S.W.1. A members’ luncheon will be held at 
the Dorchester Hotel, Park-lane, London, W.1, on 
April 28, at 12.45 for 1.15 p.m. 

On the first day, Wednesday, April 27, the meeting 
will open at 9.45 a.m., and is due to terminate at 
1.15 p.m. The first matter on the agenda is the election 
of members, after which will follow the presentation 
of the report of Council and statement of account: for 
1948. A resolution to amend certain by-laws, formal 
notice of which was given at the Autumn general meet- 
ing in 1948, will then be put to the meeting. After 
this, the Bessemer Gold Medal, for 1949, will be pre- 
sented to Professor J. H. Andrew, D.Sc., the Sir 
Robert Hadfield Medal, for 1949, to Mr. M. W. Thring, 
the Willliams Prize, for 1948, to Mr. J.S. Bryan, and 
the Ablett Prize, for 1948, to Mr. G. S. Martin and Mr. 
M. Y. Harvey. At 10.30 a.m., the presentation and 
discussion of will commence. The first, by 
Dr. D. F. Marshall and Mr. H. C. White, concerns “ The 
Conversion to Oil-Firing of the Open-Hearth Furnaces 
at Park Gate Works ” ; the second, by Mr. S. 8. Carlisle 
and Mr. B. O. Smith, deals with “ An Electrical Pressure 
Meter for the Measurement of Open-Hearth Furnace 
Differential Pressures,” and the third (time permitting) 
by Mr. W. W. Stevenson, Mr. G. E. Speight. Mr. R. M. 
Cook and Mr. T. E. Rooney, is entitled “ First Report 
of the Gases and Non-Metallics Sub-Committee.” 

At the afternoon a from pee oes 5 7 four 

will be namely, “ The ermo- 
pm of Bbtocee of Interest in Iron and Steel 
Making from 0 deg. C. to 2,400 deg. C. I.—Oxides,” by 
Mr. F. D. Richardson and Mr. J. H. E. Jeffes ; “‘ Large 
Crystal Grain Size in Silicon-Chromium Valve steel,” 
by Mr. C. C. Hodgson and Mr. H. G. Baron; “ Grain 
Growth in Silicon-Chromium Valve Steel,” by Mr. 
H. Allsop and Mr. P. W. Bygate ; and (time permitting) 
‘¢ The Structure of Carbides in Alloy Steels. Part I— 
General Survey,” by Mr. H. Goldschmidt. 

On the second day, Thursday, April 28, a morning 
session only will be held, from 9.45 to 12.15 p.m., at 


the Institution of Mechanical Engineers, and four 





are: “The Charging 

Present Methods,” by Mr. E. L. Diamond and Mr. A. L. 
Frankau, and “ The Influence of Heat Transfer on 
Open-Hearth Furnace Charging Rate,” by Mr. M. W. 
Thring. The second and third a are: “ 
Layout of Integrated Steelworks in Great Britain,” by 
Mr. H. H. Mardon and Mr. J. 8. Terrington, and “ Apel 
cation of Dry Coke-Cooling Plants to Integrated Works,’’ 


LABOUR NOTES. 


THE Colliery Winders’ Federation of Great Britain 
sent “cease work” notices on behalf of their 2,000 
members to the Ministry of Labour and the National 
Coal Board on Friday last. These notices are due to 
expire at 6 a.m. on Saturday, March 26. The federation 
stated that their claims, for an increase of pay to 35s. a 
shift and two weeks’ annual holiday with pay,,in addi- 
tion to the six statutory holidays yearly, had not been 
satisfi ily answered by the National Coal Board. 
Mr. A. Hayes, of the federation, said that, 
should a strike be allowed to develop, there would be a 
very substantial loss of coal output in all coalfields, 
except those in Wales. 


Although the National Coal Board and the National 
Union of Mineworkers have agreed that the claim of 
miners in Cheshire, Cumberland and of Lancashire 
for free or very c coal shall be submitted to 
arbitration, they have to agree as to which arbi- 
trating body shall act. The Board insisted on Friday 
last that the dispute should be dealt with by local 
conciliation machinery, but the union considered that 
it was a matter for the National Reference Tribunal. 
The union decided to bring the resulting deadlock to 
the attention of the Tribunal and to seek its guidance 
on whether the matter should be submitted to local or 
national arbitration. ” 


One result of the deadlock was the holding of a 
ballot of miners in Cheshire and the parts of Lancashire 
affected by the present claim for concessionary coal. 
This was held at the end of last week and resulted in an 
88-6 per cent. majority in favour of strike action. 
The area executive committee of the National Union 
of Mineworkers decided to summon a special delegate 
meeting for to-morrow, at which the committee will 
recommend that notice to cease work be handed in on 
March 14, to terminate on Saturday, March 26. A 
delegate conference of the Cumberland area of the union 
met last Monday at which this dispute also was con- 
sidered at length. 


A dispute in the iron and steel industry, the first 
on a national scale for many years, has arisen from a 
wage demand by 20,000 pone Eon in the industry who 
are mainly employed on maintenance work. They 
have asked for a uniform wage structure to provide a 
national minimum of 61. 15s. weekly, in addition to a 
minimum weekl bonus of 10s, The men 
are members of nine unions which have combined 
during the last eighteen months or so to form a body 
known as the National Joint Trade Union Craftsmen’s 
Iron and Steel Committee, the objects of which include 
the replacing of agreements made locally by crafts- 
men’s committees by other agreements of a national 
character. A step in this direction was the agreement 
reached a short time ago between the Committee and the 
Iron and Steel Trades Employers’ Association, by 
which a national ure was established for dealing 
with disputes. unions concerned in the promoticn 
of the Committee included the Associated Blacksmiths’, 
Forge and Smithy Workers’ Society, the Electrical 
Trades Union, the United Society of Boilermakers and 
Iron and Steel Shipbuilders, the Engi- 
neering Union, the Amalgamated Union of Foundry- 
workers, the Amalgamated Society of Woodworkers, and 
the Plumbing Trades’ Union. 





The Committee’s claims would involve increases of 
15s. on the North-East Coast, of from 25s. to 30s. in 
Scotland and the Midlands, and of varying amounts in 
other areas. The Committee urges that a consolidated 
and simplified national wage structure would remove 
anomalies at present existing in districts and bring 
the remuneration of maintenance craftsmen nearer to 
that of process employees in the industry. The em- 
ployers, while accepting the principle of a uniform 
national wage structure, have rejected the proposal 
for a uniform minimum, after some months’ negotia- 
tions. In January, however, they put forward counter 
suggestions which included a sliding scale based partly 
on the price of steel and hourly base rates varying 
according to districts. The unions concerned are 
much opposed to wage rates based on sliding scales 
and, at a conference between the Committee and repre- 
sentatives of all district committees last Friday, it was 
decided to make one more effort to reach agreement 
with the Iron and Steel Trades Employers’ Association. 
If that failed, they agreed that the Minister of Labour 


Y |should be notified of the existence of a dispute. 





The total number of persons employed on the civilian 


The | staffs of Government departments fell from 711,054 


on October 1, 1948, to 706,580 on January 1 last, a 
drop of 4,474 in three months, according to returns 
furnished by the Treasury (Cmd. 7646). e compara- 





by Mr. L. H. W. Savage and Dr. A. V. Brancker. 


tive figure for the period immediately preceding the 


war was 387,700. During the three months under 
review, departments dealing with trade, industry and 
lost 2,115 persons in all. In this group of 
departments, the Ministry of Agriculture and Fisheries 
received an increase of 245, bringing its total staff to 
18,210, and the Department of Scientific and Industria) 
Research an increase of 41, raising its total to 2,399. 
The Ministry of Fuel and Power lost 652, the Ministry 
of Transport 559, and the Board of Trade 596, the 
total staffs of the three departments on January | 
being 6,383, 7,544 and 13,067, respectively. In the 
up of —— known as agency services, the 
Ministry of Works is recorded as losing 532, which, 
however, left that Ministry retaining a total staff of 
19,330, com: , for example, with the total civilian 
staff of the Air Ministry which numbered 25,094. 





The total staff in the service of the Post Oftice 
dropped from 248,245 on October 1, 1948, to 247,374 
on January | last, a fall of 871. In contrast to the 
tendency in other groups of Government departments, 
civil servants in the defence ministries increased, by 
325, from 112,518 to 112,875, during the three months. 
The largest increase was at the Admiralty, where the 
civilian staff added 279 to their numbers on October |, 
bringing the total to 31,040 at the end of the period. 
The War Office added 48, making their total on 
January 1, 35,539. The staff of the Air Ministry 
remained stationary at 25,094. Non-industrial civil 
servants employed on defence work at the Ministry of 

i by 72 from 20,538 to 20,466, while the 
of the minor departments in this group rose by 76 
to-a total of 704. 


A number of matters seriously affecting the welfare 
of the coal-mining industry came before a special 
ing of the national executive committee of the 
National Union of Mineworkers on March 3. Probably 
the most important of these was the request of the 
Minister of Fuel that the extended working week in 
the mines should remain in force for another year 
when the present agreement expires at the end of 
April. The demand of the Government for the maxi- 
mum coal production to enable the industry to fulfil 
its export targets under the Marshall Plan a to 
have outweighed the serious economic disadvantages 
which have attended the working of Saturday morning 
shifts, to the extent that the National Coal Board 
decided to support the Minister’s request. 





While the industry can ill afford to jeopardise the 
output which the extended working week produces— 
amounting to seven million tons in 1948—the Board 
is anxious to balance its accounts over the years, and 
appears to find the system a drain on its financial 
resources at a time when the miners are demanding 
additional expensive concessions. All Saturday work 
counts for overtime and absenteeism is very heavy 
on that day. Further, the number of collieries working 
the system is something like a hundred fewer than a 
year ago. Miners have the option under the present 
agreement of working an extra half-hour daily as an 
alternative to the Saturday shift. The reaction of the 
union’s national executive committee on this question 
at its special meeting was that the union’s representa- 
tives on the Joint National Negotiating Committee 
should seek the Board’s approval to union amendments 
to the existing ent. The union considers these 
essential if the results are to be obtained. 


Another matter discussed at the special meeting of 
the national executive committee of the National 
Union of Mineworkers was the Board’s very firm 
refusal to accept liability for any cost-of-living bonus 
beyond the 2s. 8d. a shift now being paid ,under the 
war-time agreement. Sir William Lawther, President 
of the union, said, at the close of the meeting, that the 
Board’s view of the matter was being contested by the 
union on advice. The contention of the union 
is that provision was made in the 1940 agreement for 
ite terms to be c if any alteration in circum- 
stances took place and that the change-over from the 
old cost-of-living index to the present interim index 
of retail prices constitutes such an alteration. It seems 
bable that this matter may ultimately be brought 
‘ore the industry’s National Reference Tribunal. 





Speaking in London at the end of last week on 
output problems, Mr. A. P. Young, chairman of the 
Institution of Works Managers, paid a tribute to the 
output of ——. in Britain = yinn ae 

speaking, the average hours wor! in 

Se in kan ieee Snaer Vin hems walked ie 
American factories by at least one-tenth. He studied 
two factories engaged on mass ction, one in 
Boston and the other in London. tput was identical 
and the British factory was in all respects equal to 





that in the United States 
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DEVELOPMENTS IN REVERSIBLE 
PROPELLERS.* 
By Prorzssor L. C. Burrm, M.Sc., Ph.D. 

Tue controllable-pitch marine propeller offers a 
sati solution to the problem which is presented 
to shipbui and engineers by the ible introduc- 
tion, in the not too distant future, of gas turbines for 
ship propulsion, i in that such turbines must of necessity 
be uni-directional, and some other means must be pro- 
vided for reversing the direction of motion of the ship 
for manoeuvring purposes. It is this which has let | eo 
to the —— interest in nthe nape ea me screws by 
most of the es gh ring companies which have 
actively pursued the iecclntmens of the marine gas 
turbine, and also to the renewal of interest in this type 
of pro by the ing propeller manufacturers, 
who wish to be i in a position to supply such propellers 
when the need arises. So far as concerns the control- 
lable-pitch marine propellers available at the present 
time, it can be stated that these are a practical engineer- 
ing proposition and can be made to work satisfactorily 
under service conditions at sea. 

During the past few years, there has been » marked 
revival of interest in the design of new mechanisms for 
varying the pe of the blades of such propellers, and 
a considerable number of new patent applications has 
been made by Various engineering firms. These have 
included mechanisms employing rack and pinion 
devices, worm and wheel gears, epicyclic end link 
mechanisms attached to the base of the b ; and it 
is possible that any one or all of these ments 
may be successfully devel when the need for such 
screws becomes evident. Up to the present time, many 
of these mechanisms have not been tried out in service. 
There are, however, three t of controllable-pitch 
marine screws which have been proved to be successful 
in actual service. Two of these have been developed 
by companies having considerable experience in the 

ra construction of large hydraulic turbines of 
the with adjustable blades, while the third, 
which is of petetles er more recent origin, has been developed 
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soistiiibii aati thin cial thin ToblReailin th th 
Nineteenth Century, and —r opening of 
the present century. This was due mainly to the intro- 
duction of the steam turbine and of the marine D 
oa for which revérsing arrangements were at first 
cult to vide. The types of blade-adjusting 
mechanisms en devised are, in fact, not very different 
from those at present in use, and those who have 
recently sought new patents for various mechanisms 
will have realised that this is so, since some of these 
ae lie within, the of 50 years which is 
sine pe the usual Patent Office search. The devel- 
coment satisfactory reversing gear for Diesel 
and the use of po turbines, led to the eventual 
disuse of most of these early inventions, although the 
use of mechanically operated a pro- 
pellers and featherlag screws has persisted intermit- 
tently in small sailing vessels, fishing craft and, tugs, 
since about 1900. 

Many of these propellers have continued in operation 
for long — pe call de fact that they have not been 
more widely adopted for larger vessels does not reflect 
upon the satisfactory or unsatisfactory nature of their 
mechanical performance, but rather upon the fact that 
the economic advan have so far not justified their 
initial cost oe possible maintenance charges. The 
controllable-pi peller has special merit for vessels 
which have a ‘orm several duties, such as ue of 
tugs when towing and running free, which do not obtain 
in the case of large merchant vessels. 

A new impetus was given to the design of variable- 

itch marine screws by the gradual development of 
Kaplan type turbine runners with adjustable 
blades, and the design of the Escher-Wyss screw for 
M.V. Etzel, a small lake vessel operating on Lake 
Ziirich, in 1934 may be considered to have been the 
introduction of a new era in controllable-pitch propeller 
production. This vessel, which was 90 ft. long by 
15 ft. beam, with a draught of 4 ft., was driven by a 
Diesel engine of 240 brake horse-power running at 
500 r.p.m. Her performance showed that it was 
Sto oon Gih-caas @ 5 ents cael Ae 





























TABLE IL, 
hala the — =e wae a 
Type. | Escher-W yss. | Kamewa. | Rotol. 
First propeller supplied i 1934 | 1937 i 1942 
No. of propellers supplied .. 42 | 116 | 80 
Diameter 8.h.p. R.p.m. | Diameter. B.h.p. R.p.m. | Diameter Lh.p. R p.m. 
Largest diameter propeller | | | | | \ 
supplied to date 10 ft. 10 in. 1,200 125 | 16 ft. 11 in. | 7,000 | 110 10 ft. 6 in. | 1,500 | 140 
' ' 











by an airscrew company with experience of controllable- 
itch airscrews. They are, respectively, the Escher- 
yss propeller, first introduced in 1934; the Kamewa 
propeller, first introduced in 1937 ; and the Rotol 
propeller, first introduced in 1943. Table I, herewith, 
shows the numbers supplied, and the largest sizes made, 
of each of these three t: up to the present time. 
are all hydraulically- ted screws and the 
turning of the blades is controlled in each case by means 
of links attached to the under sides of the flanges of the 
several blades. 

In the Escher-Wyss design, the hydraulic cylinder is 
located inboard, but in the other two types it is accom- 
modated inside the boss or within the streamline cone 
cover, which is fitted abaft the main body of the screw. 
All of these designs require a hollow shaft to be fitted, 
and this is, in fact, a feature of most controllable-pitch 
marine screws. The angle of the blades can be varied 
in each case from the full-ahead to the full-astern 
position at any time, with the aid of a hydraulic servo- 
motor, governed by a control on the bridge of the ship 
or in the engine room, as is most convenient. The time 
to carry out this o m is estimated to be about 
60 seconds and the motion from full-ahead to full-astern 
is quite smooth and continuous and may be interrupted | in 
at any The boss-diameter ratio of these screws 
is trosa 0: 25 to 0-35, according to the type and diameter 
of the propeller. It is understood that there should be 
no difficulty in designing propellers of controllable-pitch 
toue for poem of Wil te 12,000 shaft horee-power, 
which would tend the Sees types required for normal 

The idea wo oftting fi propellers ble 

e tting oaihen having adjusta 

ps le gprs A number of vessels 
itted with steam engines and screw ae cows 

100 years ago were also provided with devices for con- 
perce nee carr ede tony pore eal tr gram for 
the blades when the engine was not working. 

on the marine steam engines became more 
reliable and of greater power, the controllable-pitch 
mechanism was abandoned. There was also a con- 
siderable revival of interest in controllable-pitch 


* Paper read at a joint meeting of the Institute of 
Marine Engineers and the Institution of Naval Architects, 
held in London on December 14, 1948. Abridged. 





500 r.p.m. continuously without special attention, and 
to operate the speed control and reversing entirely from 
the . This vessel has been in constant service 
for LM years and and, apart from the replacement of one set of 
blades for each screw, has given continual good service. 

The main advantages to be gained from the adoption 
of controllable-pitch are con 
improved mancuvrability, and with the running con- 

of the main engines rather than with the 
propulsive efficiency of the ship as a whole. This is a 

conclusion, based on the practical experience 
gained on actual installations up to the present time, 
and is quite in line with the deductions which can be 
made from theoretical considerations. This statement 
may require some modification for special types of craft 
which have to operate under widely varying conditions, 
or w may have a quite unusual resistance curve, | to 
ms “7 motor torpedo-boats and other planing craft. 

re Ne of a controllable-pitch marine propeller 
cosh the foll tions to be carried out, which 
are not senate al the fixed-pitch propeller. 

(1) The vessel may be put astern directly from the 
bridge, and the speed can be controlled at any time 
without down to the engine room for a change 

pagers: pe in certain circumstances, this may be 
of considerable im ce, in that the time for a 
reversal of the ship’s direction can be reduced by 
approximately one third. 

(2) The main engine or engines may be arranged to 
run at constant speed, and pe ee oe Se ee 
then be varied by means of th vomale ‘Atted ‘with pena 
special advantage for aah won] 

to run at con- 


engines. 
(3) The main engine may be 
stant torque for 
tions of hull and sea, a fixed-pitch 
fitted, the torque in the shaft at given rotational speed 
is automaticaly controlled by the propeller, which can 
only absorb a certain torque at given revolutions and 
are otsenee + this means that, for reduced speeds, 
mean effective pressure is automatically reduced 
in linear ratio to the change in revolutions, whereas, 
with a controllable-pitch propeller, the pitch of the 
blades can be increased when proceeding at lower 
of advance, and the full mean effective 
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the engines can thus be developed at any time. 


« There is also the possibility that, when operating 
under heavily loaded conditions, due to fouling of the 
hull, or increased hull resistance due to weather, the 


jiesel | pitch of the propeller blades may be reduced, thus 


enabling the to rotate at a greater speed than 
that to which they would automatically be regulated 
by the fixed-pitech propeller ; in this way, the engine 
may be allowed to develop a higher power than would 
otherwise obtain without ex the designed mean 
Oe speed be varied at will for 

(5) As the engine may vi at 
any speed of advance of the ship, it should be possible 
to avoid running at or near Eutting criticals. This 
advantage is, perhaps, open to some criticism, as it 
may also happen that, if the control is centred in the 
bridge and the question of torsional oscillations is not 
properly understood by the operators, the critical 
revolutions may be ienbberbellie. a chosen at any time 
without the effect being noticeable, which may lead to 
eventual trouble with the main line shafting. 

(6) As most controllable-pitch propellers can also be 
operated in the reverse position, it is possible to run 
the engine continuously in one direction only, and to 
carry out all the reversing operations by means of the 
adjustment of the propeller blades. It is claimed 
that this should reduce the wear and tear in the engines 
and thus offset the initial high cost of the controllable- 
pitch propeller installations. 

It will be noted that the above advantages are mainly 
concerned with the running of the main engines, and 
that, therefore, it is ly for the marine engineer 
to assess the value of such operational facilities as the 
controllable-pitch propeller will provide. There are, 
of course, on the other side of the balance, a number of 
disadvan and difficulties which are associated with 
the controllable-pitch propeller. These, which are con- 
cerned mainly with the operation of the propeller as a 
means of efficient propulsion, or with the ‘general 
operation of the ship, may be enumerated as follows. 

cae To F pane a housing for the mechanism for 

itch of the blades, the boss of the con- 
ble pitch — must be larger than that of the 
fixed-pitch screw ; this inevitably leads 

to a loss in speed under full-load conditions. 

(2) The pitch distribution from root to tip of the 
blades of a propeller is normally chosen to give the most 
favourable efficiency for the normal full-speed +“ 
position, but, as soon as the angle of the bi 
changed, this condition is automatically destroyed, as 
the pitch of the outer sections, measured in feet, 
changes at « much faster rate than that of the inner 
sections. That is to say, as soon as the pitch is reduced, 
the propeller becomes one which has a linear pitch 
reduction from the root to the tip, which i is not favour- 
able to the attainment of the highest efficiency. 

(3) Owing to the narrower root widths, necessary to 
accommodate the blades on the circular-based flanges, 
and the thicker root sections, needed to provide the 
extra strength required from the blades of the con- 
trollable-pitch fa ing the problem of root cavitation 
becomes much more critical and must be studied very 


with — even for quite normal powers and rotational 


(4) In view of the higher stresses to be met by the 
controllable-pitch blades, and to keep the boss diameter 
within reasonable limits, higher stresses must = 
—— and special materials must be em oy a gid 
the bolts, etc., attaching the blades to the 
this reason, repair and maintenance may be camiiibas 
from th if the vessels are opera’ at some distance 

m their normal base, and it w red ager | 


propellers of fixed-pitch 
could be Id be placed | in position while the controllsbie pitch 
propellers are being sent back to the manufacturers for 


repair. 

(5) Normal shaft-taper and ke ee are not possible 
with most designs of contro on pro; 
The method of attaching the propeller bosses to the 


main shafting is unusual, therefore, and may present 
difficulties m= Fou dry-dock facilities are limited. 

{8) The forces and moments involved in carrying out 
the necessary pitch alterations when the ship is in 
motion are high, and there is a possib lity of the pro- 
peller “ windmilling” or driving the engine under 
certain conditions. The ti moments on the blades 
= be reduced by balancing the hydrodynamic and 

moments in the normal working condition, 

but, while this tends to make reduction of the pitch 

relatively easy, it may also have the adverse effect of 

the return from the astern pitch to the full- 
oD gy difficult to accomplish. 

on controllable-pitch mechanisms of the type 
employing a link attached to the under side of each 
blade, and, in particular, with those its in 
which the hydraulic cylinder is located within the cone- 
cover, an uncommonly long length of cone is usuall 
required to obtain a satisfactory streamline shape aba 
the large boss of the controllable-pitch propeller. 
arrangement is permissible with twin-screw 2 
but requires modifications to the normal stern - 
ments in the case of single-screw vessels. It is ly 
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necessary to employ a balanced rudder with a portion 
cut away to accommodate the long cone, and, even so, 
the final arrangement is not as satisfactory as that 
which would be obtained with a fixed-pitch propeller, 
having a normal boss to diameter ratio of about 0-18. 

For certain classes of vessels, the controllable-pitch 
propeller is most advantageous, and material gains in 
power absorption can be achieved. Generally speak- 
Ing, the types of vessels to which this applies are those 
which are used for dual purposes, such as tugs and 
icebreakers. Examples of the types for which the 
controllable-pitch “oer is most suitable are tugs 
and icebreakers, i water craft such as river boats, 
ferries, etc., motor torpedo-boats fitted with high- 
powered Diesel or petrol engines, and submarines. 
Other vessels for which the controllable-pitch propeller 
may offer some advantage are trawlers, small coasters, 
cross-channel steamers, and oil tankers. 

It is impossible to design a fixed-pitch propeller 
which will be suitable for both the free-running condi- 
tion and the towing condition for a tug, and this is 
specially true when Diesel engines are adopted. If, for 
example, the propeller is given the most suitable dimen- 
sions for the free-running condition, the towing pull 
which can be developed at the low speeds of advance, 
which correspond to the usual towing condition, is 
limited by the mean effective pressure which can 
permitted. If, on the other hand, the screw is designed 
to give the maximum towing pull at slow speeds of 
advance, the revolutions per minute‘in the free- i 
condition will be too high and the power which can 
be developed at high will be limited by the 
maximum revolutions which can be permitted, having 
regard to piston speeds, etc. For this reason, it is 
usual to design the propeller to give the correct number 
of revolutions for the free-running condition with high 
speed of advance, but to give the blades a much higher 
surface area than would be required for the free-run- 
ning condition so that cavitation is avoided when 
towing. The towing pull which can be obtained and 
the corresponding rotational speed are, therefore, 
limited. With the controllable-pitch propeller, this 
limitation of pull does not occur, as the screw can 
arranged to work at reasonable slips for both the free- 
running and the towing conditions. When running 
free, the pitch can be set at the high position, and when 
towing the pitch can be eased somewhat so that the 
revolutions are not limited, thus enabling higher powers 
to be developed and higher efficiencies to be obtained. 

The case of the icebreaker is similar to that of the 
tug, in that this type of vessel must be capable of 
producing a high thrust at slow speed, and also capable 
of rapid reversal. At the same time, the propellers 
must be designed so as to obtain the best speed under 
free-running conditions consistent with the other duties 
of the ship. The design of eran adeee propellers 
for this type of craft has been the subject of a long 
series of tests in the Swedish tank at Gothenborg. 
The conclusions reached were that, for most efficient 
running, the propeller should be designed with an 
initial pitch some 10 to 20 per cent. lower than that 
suitable for the full-ahead condition ; the best astern 
results were obtained from a propeller with plane blades 
and symmetrical sections. It is also stated that, for 
controllable-pitch propellers, it is desirable to adopt a 
large pitch reduction towards the root for the normal 
ahead position and that the best astern ormance is 
obtained with adjustable blades and reversing of the 
direction of rotation. 

In motor torpedo-boats, fitted with fast-running 
boosted petrol engines, the major propeller problem is 
that of cavitation. Such propellers cavitate very con- 
siderably, if not completely, under full-speed conditions, 
and the pitch given to the screws must be higher than 
would be the case if cavitation did not occur. At 
lower speeds, cavitation is not present and, conse 
quently there is no loss in thrust due to this effect. The 
prope ers are therefore stiffer than necessary for satis- 

ry working at such reduced . The result 
is that the boost pressures are high for the lower 
r.p.m. and it can happen that this boost pressure 
exceeds the permissible value before the top speed of 
the craft is reached ; this difficulty can only be over- 
come by reducing the at which cavitation occurs, 
or reducing the pitch of the propeller. For this reason, 
it would be desirable to operate such Pp segs at 


reduced pitch for the cruising speeds and up to, say, 


20 knots; and at higher speeds up to, say, 30 knots, | i 
ing d 


when cavitation is present in ever increasing degree, 
to raise the pitch of the blades to offset the loss in thrust 
and torque which accompanies this phenomenon. This 
is confirmed by the reaults of exhaustive tests with the 
Rotol screws, and it has been shown that a marked 
saving in fuel consumption can be achieved at the 
cruising 8 , if such a procedure is adopted. Un- 
fortunately, the efficiency of the controllable-pitch 
propellers and the degree of cavitation present at the 
highest are influenced unfavourably by the large 
boss, and the above gain is offset by a loss in speed of 
about one knot at the full-power condition. 

The resistance of a submarine in the submerged 


be | possible advantage 


condition is much greater for a given than that 
on the surface; consequently, the underwater speed 
obtainable with a given engine size is much lower than 
the surface speed. The propellers therefore have to 
work under very different conditions, and the advan 

of controllable pitch, or at least the possibility of dual- 
pitch settings, is obvious. The maximum propeller 
efficiency obtainable underwater is not much improved 
by the ability to change the pitch in view of the fixed 
diameter, but the engine loading conditions are much 
improved with the reduced pitch setting in the sub- 
merged condition, and important savings in fuel may 
be effected. 

The problem of the design of large modern trawier 
propellers differs somewhat from that of the other dual- 
purpose propellers discussed above, in that the power 
required for trawling is considerably less than that 
needed for the high running speeds now obtained 
by such vessels. Furthermore, although the required 
diameter for optimum performance in the free-running 
condition can usually be obtained, the best diameter for 
the trawling condition much exceeds that permissible 
from clearance and draught considerations. The power 
used when trawling is only about 55 per cent. of the 
full free-running horse-power of the engines, and an 
increase in tow ng speed, such as m’ght be obtained 


be | with a dual-pitch propeller, is not considered to be of 


great advantage from the fishing point of view. On 
the other hand, it is possible that the use of a lower 
pitch when trawling would be advantageous from the 
point of view of cavitation and blade erosion. At the 
present time, it is n to provide such trawler 
propellers with much larger blade surface area than is 
necessary for the free-running condition in view of the 
high loading and high slip when trawling, and with 
controllable-pitch propellers this blade surface could 
possibly be reduced with advantage to the free-running 
speed, at the same time avoiding the effects of surface 
roughening which now occur. In smaller trawlers and 
fishing craft of moderate speed, the difference between 
trawling and free-running power is not as great as that 
referred to above, and for such vessels there is a 
to be gained from the adoption of 
controllable-pitch propellers with faster-running Diesel 
engines. 
The main advantage of the controllable-pitch pro- 
lier for inland water craft, river boats, double-ended 
erries, etc., lies in the ease of manceuvring which direct 
control from the bridge provides. There is also the 
possibility of a reduction in engine-room staff, with 
engines running at constant speed, and there seems no 
doubt that there is a wide field for development in 
vessels of this type. Small general-purpose coasters 
and cross-channel steamers are not far removed from 
this class of vessel, and it would appear that the ease of 
manceuvring and the possibility of a quick turn-round, 
which could result from the fitting of controllable-pitch 
propellers, present distinct advantages, at least for 
the smaller vessels. There is also the fact that such 
vessels operate on a fixed route and repair and mainten- 
ance considerations would therefore be simpler than 
for ocean-going steamers. 

For the majority of ocean-going cargo vessels, the 
advantages to be derived from the use of controllable- 
pitch propellers appear to be small, unless the type of 
main engine is such that the flexibility of the controll- 
able-pitch drive can be used to obtain some advantage 
in the engine room, either in the form of simpler engine 

ments, or of a saving in fuel. In 1942, the 
author examined in some detail the case of a cargo 
vessel designed for a full speed of 13 knots, with a 
Diesel engine power of 3,750 brake horse-power, the 
normal grapiliee speed being 110 r.p.m. The con- 
clusions then obtained are still valid. With a service 
po of 12 knots in good weather, it was found that, 
if the pitch is increased to allow the engine to turn at 
86 r.p.m. instead of the 102 r.p.m. at which a fixed- 
pitch screw would have automatically required it to 
turn, the gain in efficiency was 2 per cent.; and a 
similar gain was possible at 10 knots if the propeller 
speed was reduced to a value consistent with the 
optimum efficiency setting of the blades. In a partly 
loaded condition, representing a decrease in resistance 
of about 20 per cent., the gain in efficiency is 4 per cent. 
The result obtained for increased resistance, represent- 
ing the influence of weather or fouling, was that the 
possible improvement gradually diminished as resistance 
is ieuenenh ene for a condition representing 30 per 
cent. added resistance, the propeller efficiency gain is 
negligibly small. 

The oil tanker, which continually alternates between 
ballast and fully loaded conditions, may, of course, 
be an exception to the above rule, and the possibility 
of savings in fuel consumption for such vessels is worthy 
of further consideration, possibly by means of model 
experiments carried out with propellers having adjust- 
able blades. 

To house the mechanism for changing the pitch of 
the blades, the boss of a controllable-pitch screw must 








be larger than that for the corresponding fixed-pitch 
screw, and also somewhat larger than that of a loose- 
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bladed propeller. The ratio of the boss-diameter to 
the outside diameter of the propeller for a heavily 
loaded fixed-pitch propeller can be as low as 0-!), 
but the usual value of this ratio for modern fixed-pitc) 
screws for merchant vessels lies between 0-16 and 0-15 
and the corresponding value for a well-designed loose. 
bladed propeller is about 0-25. Actual designs for 
controllable-pitch propellers show that it is difficult 
to reduce the boss/diameter ratio below 0-28, and more 
usually this ratio works out at about 0-30 to 0-32 and 
in some cases is as high as 0-35. 

There are three ways in which the effect of this large 
boss size on the propeller efficiency may be assessed. 
In the first place by model experiments, secondly, by 
the analysis of voyage data for built propellers and 
fixed-pitch propellers fitted to the same ship, and, 
finally, by means of calculations using the vortex 
theory. Published data concerning the effect of boss 
size on propeller efficiency derived from model experi- 
ments are not extensive, but the information which does 
exist suggests that the loss in efficiency due to this 
effect is about 3 to 3} per cent. for a boss-diameter 
ratio of 0-25, as compared with a ratio of 0-18.. The 
usefulness of such data is to some extent vitiated 
by the fact that with open-water screws it is usual to 
fit the screw to be tested in front of the testing boat 
or test gear, and the effect of the closing of the stream- 
lines abaft the propeller, as normally fitted, is therefore 
eliminated. 

On the other hand, some tests with large boss sizes 
in the behind condition have been run with bosses 
built up from the normal diameter without correction 
of the root blade-widths for the increased diameter, 
and the results are therefore misleading. The analysis 
of voyage data for built and solid propellers suggests 
that the effect of large boss sizes is greater than that 
given above, and that the loss in efficiency is of the order 
of 4 to 5 per cent. for large bosses with relatively short 
streamline cones. In some cases, the difference is as 
high as 6 per cent., or more, if the nuts are not well 
cemented over and streamlined. Unfortunately, the 
normal vortex-theory calculations do not inelude any 
means of calculating the effect of the closing in of the 
streamlines abaft the screw, and the propeller efficiency 
is calculated by integrating the thrust and torque 
grading curves from the tip down to the boss radius. 
Even so, when such calculations are made for com- 
“neem designs, and allowance is made for the less 
avourable root section thickness-ratios and increased 
blade interference, the results show a loss in efficiency 
of the order of 2 to 3 per cent. 

The possible causes of this loss in thrust and efficiency 
are the rapid closing of the streamlines aft of the boss, 
and possible breakdown of the flow or formation of a 
vortex-core ; direct increase in boss-drag where the 
propeller boss diameter is larger than that of the shaft 
bossing of the ship; breakdown of flow on the rear 
parts of the inner blade sections where the change in 
curvature is rapid and the root widths are insufficient ; 
and loss of working blade surface due to the shorter 
blades. 

The first of these causes of loss can be obviated, or at 


‘least reduced, by fitting long streamlined cone-covers. 


This is not difficult to arrange in the case of twin-screw 
vessels, but leads to unusual stern arrangements in 
single-screw installations. The effect of a boss size 
greater than the shaft-bossing can be minimised by 
fitting carefully streamlined ropeguards forward of the 
> a ler or, alternatively, by increasing the diameter 
of the shaft-bossings above the normal size. 

If the root widths of the blade are faired into the 
circular base, the inner sections of a controllable-pitch 
propeller are of necessity narrower and thicker than 
those of the corresponding solid propeller; but this 
difficulty can be overcome by allowing the root widths 
to extend beyond the circular base and to fit closely 
round the shape of the boss. This introduces the 

ibility of stress concentrations at the junction 
| armen blade and flange, but designs of this kind 
have already been fitted and have been satisfactory. 
An alternative solution is to reduce the work done by 
the root sections by adopting a rapid decrease in pitch 
towards the base of the blades and employing root 
sections having very low centre-line camber, approaching 
closely to streamline strut shape. 

The conditions under which a swirl-core or cavity 
may exist behind the large boss of a Kaplan turbine 
runner have been closely studied by Escher, Wyss and 
Company. The principle of the conservation of 
momentum, applied to the rotational component of the 
motion in the slipstream abaft the propeller blades, 
shows that, with a large boss and relatively short 
fairing cone, the rotational velocity of the water at the 
crown of boss radius is considerably increased, as the 
streamlines passing round the cone occupy an annulus 
of ever-decreasing radius ; that is, 


w RP = Or§ 


where w = angular velocity at boss radius a aa 
is 








Q = angular velocity at smaller radius r,. 
accompanied by a marked decrease in pressure, and 
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limit is soon reached beyond which a cavity or core is 
formed. | 

In the case of Kaplan runners working in an enclosed 
tube, a satisfactory solution to this problem has been 
found by controlling the radial distribution of circulation 
(i.e., by reducing the pitch of the blade towards the root 
sections so that the root circulation is zero, or in some 
cases negative, in value). Recent tank tests at Wagen- 
ingen have shown slightly higher efficiencies for such 
controllable-pitch propellers than for conventional 
fixed-pitch screws of similar dimensions. It is a little 
difficult to assess the true value of this result, as the 
blade sections were also of an advanced design, 
developed as a result of wind-tunnel experiments, and 
the application of such principles to the design of 
fixed-pitch screws may, in view of the smaller boss 
diameter, lead to still higher efficiencies. At the same 
time, this is a notable result and indicates that the 
fitting of a well-designed controllable-pitch propeller 
need not involve an appreciable loss in efficiency as 
compared with a propeller of standard design. It also 
introduces a new principle in design which may well 
be applied to loose-bladed 

That the question of cavitation is very important 
in the case of controllable-pitch propellers is evidenced 
by the fact that those firms which have specialised in 
the design of such propellers have found it n 
to erect their own cavitation tunnels in order to study 
this problem. In the first place, the adoption of 
shorter blades means that the thrust per unit length 
of blade is increased, and this would normally require 
increased blade widths. In the second pi the 
thicker and shorter root sections of the controllable- 
pitch propeller are liable to earlier breakdown than 
those of equivalent fixed-pitch design, and the local 
peak suctions in this region of the blades are much 
increased. Furthermore, while it can be assumed 
that the sections of a fixed-pitch propeller will be 
working at a reasonably steady angle of incidence, 
apart from the effect of Liat wake-velocity variations 
ever the disc, this is certainly not true in the case of the 
controllable-pitch screw. 
the pitch of the outer sections decreases much more 





As mentioned previously, | adj 





rapidly than that of the roof sections when the blade 
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angle is changed, so that it is possible for the tip sections 
to be working at slightly negative angles under certain 
circumstances in the ahead position, while the root 
sections are still working at a positive angle of incidence. 
The reverse is true for the astern position of the blades. 

It is important to reduce the blade widths of a con- 
trollable-pitch propeller as much as possible in order to 
avoid high centrifugal twisting moments. This means 
that the question of cavitation must be closely examined 
for each radius of the propeller, and that several blade 
settings must be considered. This problem can be 
approached either by testing models in a variable- 
pressure tunnel or by means of vortex-theory calcula- 
tions. Such calculations can now be used to determine 
the angle of incidence of each blade section and impor- 
tant suction peaks can be avoided by the use of sections 
designed to give an approximately uniform velocity 
distribution over the back of the blades. Such sections 
have been named “laminar flow sections” by aero- 
nautical investigators, as they can be used to delay the 
—— of turbulent flow and move the point at 
which tr: i 


ansition occurs towards the yee > 

For the root or inner sections of contro: Soe pitch 
screws, sections of this t with low centre-line 
camber are the most suitable. In designing such 
sections, it is n to take account of the curvature 
of the streamlines due to blade interference or cascade 
effect, and, since the presence of the adjacent blades 
tends to increase the negative pressures on the forward 
parts, it is advisable to move the position of the 
maximum ordinate towards the trailing edge and to 
use a relatively finer entrance than run. Fig. 1, here- 
with, shows a typical section of this kind which has 
been used by the author for a number of years for 
fixed-pitch screws. For the sections in the outer parts 
of the blades, the effect of blade interference is less 
than at the root, and here the maximum thickness may 
be moved nearer to the leading edge, or the fullness of 
the forward part of the section may be increased as in 
the N.A.C.A. 16 Series type section, shown in Fig. 2. 
There is need for a deal of research, both in 
wind-tunnels and in cavitation tunnels, to obtain the 
most suitable type of blade sections for controllable- 
pitch propellers, as, in addition to the question of 
cavitation at various angles of attack, there is also the 
problem of reducing to a minimum the turning 
moments which have to be overcome by the blade- 


ae peeene 
The k of controllable-pitch screws may be com- 
pared to a balanced rudder in that, in the normal 


worki ition, the centre of pressure, which lies 
a ee at 0-4 of the blade width from the 

i edge at small angles of incidence, can be 
placed slightly forward of the central turning axis, 
so that, when moving ahead, the hydrodynamic 
turning moment tends to increase the Ds Owing 
to the rotation of the propeller, there is always a centri- 
fugal turning moment present which tends to turn the 
blades into a neutral position approximately at right- 
angles to the shafting, and, as soon as the Perms, 
mechanisms come into action, there is a frictiona 
moment which always opposes the direction of turning. 
The problem of the designer is to arrange these three 
couples so that they tend to balance each other 
and to minimise as far as possible the circumstances 
in which they may become additive. 

When the pitch is reduced with the ship moving 
ahead, the lift force is reduced and the forward thrust 
decreases as soon as the blades are turned to a smaller 
angle. The ship speed is thereby reduced, but, owing 
to its forward momentum, this does not occur as 
rapidly as the change of pitch. Consequently, the angle 
of incidence of the blades is reduced and tends towards 
the angle of no-lift, the centre of pressure moving 
rapidly towards the trailing edge; that is to say, the 
moment due to the hydrodynamic forces becomes 
negative, and, since it will then be additive to the 
centrifugal turning moment, it will assist the pitch 
change. Furthermore, although the lift force is 
decreasing, the lever about the blade turning axis 
increases rapidly and the resultant negative hydro- 
dynamic turning moment may be considerable. 

Fig. 7, herewith, illustrates the variation in hydro- 
dynamic turning moment for a section at 0-7 radius 
of a propeller 3 ft. in diameter, turning at 1,060 r.p.m., 
as the angle of incidence is reduced to zero. The pitch 
change axis in this case is 0-45 of the chord from the 
leading edge and the position of the centre of pressure 
has been estimated from the expression 
Cm (about } chord) 

Cy ; 

Furthermore, the value of C,,, the pitching moment 
about the aerodynamic centre at } chord, has been 
assumed to be constant as the centre of pressure 
moves towards the trailing edge. It will be seen that, 
in spite of the rapidly reducing lift force, the negative 
turning moment, as the centre of pressure approaches 
the trailing , increases to a value which is approxi- 
mately 2} times that of the initial positive turning 
moment. The positive hydrodynamic turning moment 
on each blade was 2,085 Ib.-in., so that the negative 
hydrodynamic turning moment becomes approximately 
4,580 Ib.-in. 

In the above, the change in hydrodynamic turning 
moment for the 0-7 radius section has been taken as 
typical for the whole blade, which is approximately 
correct, but for a complete calculation each radius 
would have to be examined tely, and the resultant 
couples integrated throughout the length of the blade. 
In the case under consideration, the value of the 
maximum hydrodynamic turning moment, estimated 
from a more detailed consideration of the actual forces 
acting on the blade as a whole, was 4,670 Ib.-in., as 
compared with the approximate figure of 4,580 Ib.-in. 
given above. As the angle of incidence decreases, the 
load comes off the engine and there is therefore a 
tendency to race and the speed of rotation of the 
screw may increase slightly; and later, as the angle 
of incidence becomes slightly negative, the forces 
acting on the screw may tend to drive the engine 
momentarily. Finally, as the pitch of the blades 
becomes negative, the hydrodynamic turning moment 
is again opposed by the centrifugal turning moment, 
and the resultant couple on the blade is thereby 
decreased. As the ship begins to move in the astern 
direction, the angle of incidence will again pass through 
a position of no-lift, and there is a possibility of a large 
turning moment as the centre of pressure moves close 
to the leading edges in this case. Generally ing, 
the centrifugal turning moment is small in relation to 
the maximum hydrodynamic turning moment, but, 
with high speeds of rotation, the centrifugal turning 
moment may become of considerable importance. 

In calculating the stresses in a fixed-pitch marine 
propeller, account is usually taken of the direct pull 
due to centrifugal force, and also of the bending 
moment which may arise from the fact that the line 
of action of the resu'tant centrifugal force on each 
blade does not pass through the centroid of the root 
section; but no account is taken of the fact that, 
when rotating at high speed, the blades always tend 
to roll up or twist into a lower pitch. For this reason, 
the concept of centrifugal turning moment is not one 
with which marine engineers and naval architects are 
usually fam'liar. Figs. 4 and 5, herewith, show the 
projected view and plan view of a wide-bladed marine 
propeller. A and B are particles symmetrically dis- 
posed about a vertical line through the shaft axis and 
situated, respectively, near the leading edge and near 


Cyp = 0-25 — 








the trailing edge in the pitch face of a section at radius.r 
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It is obvious that, at any instant, the lines of action of 
the separate centrifugal forces, due to these two 

icles, will pass through the shaft centre line, the 
included angle between the two lines of action, as 
shown in the sketch, being 2«. It is clear that the 


centrifugal force for each particle may be resolved | bec: 


into two parts, acting upwards and sideways, respec- 
tively, in the blade position shown, and that the peas oy 
ten to bring the particles into a plane at right- 
angles to the shaft axis is given by 
Cy sina x AB sin 6 
where 
Cy = centrifugal force on each particle, and 
@ = pitch angle of the blade section at radius r. 


For a segmental section Sr thick at radius r (see 
Fig. 6, page 239), it will be seen that, for the particle 
(8x 8y Sr) shown, the centrifugal moment taken about 
a pitch ch axis, assumed to pass through the mid- 
point of the face O, will be given by 


8 (centrifugal turning moment) = 


Qe 
p (Bx y Br) ~~" sin a (x sin 8 + ycos 6) 


where « may be evaluated from the equation 


xz cos@ — ysin 0 
‘ : 


« (in radians) = 


If the angle « is small, then sin x = a in radians, and 
the resultant expression may be written 


3 (centrifugal turning moment) 
= p (Ba by br) (a 008 6 — ysin 0) (x sin 0 + y cos 6) 


= p (dr dy Sr) Se — y*) sin 0 cos 0 
— zy (sin? @ — cos* )]. 


Integrating the above expression from the tip radius R 
of the propeller down to r,, the radius of the boss, 
total centrifugal turning moment 


oc: (® 
« Z| + yy — Tee + AP — AZ*) sin 26 dr 
To 


R . 
+ p— ( AZ Y cos 20dr. 
g ~T%) 
where I,, and I,, are the moments of inertia of the 
blade section taken about axes through the centre of 
gravity for which the co-ordinates are, ively, 
xz and y, A is the area of the section, and @ is pitch 
angle at each radius. 

Fig. 3, on page 239, shows the results of such caleu- 
lations for the propeller mentioned above, plotted to a 
base of angle measured at the 0-7 radius of the pro- 
peller, from which it will be seen that the maximum 
centrifugal turning moment occurs for a blade angle 
which is ag are aap § 10 deg. above the normal 
design pitch setting reduces to zero for a negative 
blade setting of —35} deg., measured relative to the 
design pitch angle at 0-7 radius. The maximum 
centrifugal turning moment value is approximately 
5,000 Ib.-in. and is therefore slightly greater than the 
maximum hydrodynamic turning moment of 4,670 
Ib.-in. mentioned above. In this instance, the frictional 
moment opposing motion was approximately 2,330 
Ib.-in., so that the maximum torque on the adjusting 
mechanism was of the order of 5,000 lb.-in. for the 
condition considered. 

In the foregoing analysis, it has been assumed that 
sin « = « in radians. For wide-bladed marine screws 
this is not correct, but the appropriate trifugal 
turning moment value may be calculated teguniuting 
the helical blade sections on to a plane at right-angles 
to the pitch-axis, as shown in dotted lines in Fig. 6. 
In this way, all the axial dimensions remain as before, 
but all lateral dimensions are diminished correctly in 


the appropriate ratio of = for each point, and the 


calculations proceed as for the deve blade sections. 

The centrifugal turning moment value is independent 

of the speed of advance, but the hydrodynamic turning 

moment will, of course, vary for each blade setting, 

so that it is necessary to study these turning moments 

Ts for several conditions in the early stages of 
lesign. 





DURABLE VALVE AND PHOTOCELL.—In 1937, an 
electronic valve and photocell were installed by the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, in smoke-detecting equipment 
at Mount Royal Hotel, Marble Arch, London, W.1. 
They remained in daily use without interruption in an 
ambient temperature of 90 to 100 deg. F. until December, 
1948, during which period they had been in service for 
some 100,000 hours. 








RHEOSTATIC BRAKING FOR 
TROLLEY -’BUSES. 


WHEN trolley *buses were first introduced they were 
generally equipped with mechanical brakes, mainly 
ause their horse-power/weight ratio was low. 
With the increasing demand for larger vehicles and 
better service performance, however, larger motors 
were required and this, in turn, necessitated an increase 
in the total braking duty. To provide this increase 
by mechanical means meant that a larger braking drum 
was required and that, in consequence, the floor level 
had to be raised. Attention was therefore turned to 
the possibility of employing some form of electric 
braking. In a number of early equipments, the eddy- 
current brake was used but, in spite of its simplicity 
in maintenance and operation, it was frequently too 
limited in capacity to provide the required effort. 
The alternative of using the motor as a generator to 
ye retardation, either by returning current to the 
ine or by circulating it through the starting resistances, 
was also tried. Neither, however, was completely 
satisfactory and the former became impracticable 
when power was obtained through rectifier substations. 

rating experience also showed that, with increasing 
schedule speeds, it was more important to employ a 
braking system which would relieve drum wear than to 
save energy by regeneration. Another arrangement 
was to use the variations in the armature current to 
impose a correcting field upon the shunt circuit of the 
compound motor. By stabilising the braking torque, 
these variations also prevent a too rapid application 
of the brakes when the vehicle is travelling at a high 
speed with the consequential risks of flash-over and 
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damage to the motor. In fact, with such systems, it 


is claimed that it is not difficult to provide a smooth 
transition from r to braking and at the same 
time to limit the braking effort to a definite value. 
An example of what is being done in this direction is 
provided the controlled rheostatic braking m, 
which has designed by Messrs. Crompton Parkin- 
son, Limited, Astor House, Aldwych, London, W.C.2. 
The main feature of this system is that it enables a 
constant brake effort to be maintained, from the 
maximum speed down to below 8 m.p.h. It also 
eliminates the risk of a fault establishing motoring con- 
ditions and thus causing accidents. The essential 
features of this system may be explained by reference 
to the diagram reproduced in Fig. 1,: from which it 
will be seen that @ compound motor is used. This 
motor is provided with a series winding a, which enables 
a large starting torque to be obtained, and a shunt 
winding 6, in which the current during motoring 
is limited to 3-5 amperes, thus ensuring that regenera- 
tion cannot occur when the vehicle speed is less than 
30 m.p.h. To obtain the higher running speeds, the 
series field is diverted through the resistors c. This 
diversion is also made during braking. To start the 
motor, the contactors d, e and f are closed, those lettered 
g and h being open. The motor is therefore connected 
across the line, the series field being fully excited and 
the shunt field partially so. Acceleration is effected 
by gradually cutting out the resistance i, by reducing 
the field current and finally by closing the contactor h, 


so that the greater part of the series field current is 
diverted. To apply the brakes, the contactors e and f 
are opened and those at g and & are closed. Full 
shunt excitation is als# obtained by closing the con- 
tactors d and I, so that the shunt is connected 
directly across the line. A current is 


jus generated 





by the motor, and this current circulates through part 
of the main Rotting resistarce as well as through the 
diverted series field. As this current increases, the 
ampere-turns of the series field oppose the shunt field 
ampere-turns and thus stabilise the braking effort ; in 
other words, above a certain speed the braking effort is 
constant as shown by curve a in Fig. 2. To obtain a 
higher degree of braking, the de-compounding effect 
of the series field is reduced by closing the contactor /, 
thus further diverting it so that the currents are 
balanced at a higher value. No further resistance 
is required to control a normal series motor and a 
wide range of braking values is obtained, by utilising 
the two-point tapping system on the field-diverting 
resistance. 

Further points regarding this controlled rheostatic 
system are that the heating effect of the braking cur- 
rent on the series winding is so small that it does not 
increase the temperature rise of the machine. The 
shunt and main circuits are separate, no attempt being 
made to feed the shunt winding through the brakinyg- 
resistance circuit. The braking characteristics of the 
machine is particularly suitable for use on normal 
trolley *buses, as there is a reduced stress on the axles 
at the higher speeds. To compensate for the increase 
in the resistance of the shunt and series windings as 
the temperature rises, the series field diverting resist- 
ances are made of material with a very low temperature 
coefficient. As the shunt current falls the percentage 
series de-compounding current also falls. The braking 
effect is therefore maintained more nearly constant, 
as the temperature varies, than in some other systems. 

The comparative characteristics of the controlled 
theostatic king a the controlled dynamic 
system and the stabilised rheostatic system are illus- 
trated in the curves reproduced in Fig. 2. In the 
controlled d ic system insufficient braking is 
available at low speeds, as shown in curve 6, while at 
higher speeds the stress on the back axle is excessive. 
As shown in curve c, the stabilised rheostatic system 
has a low maximum value, which tends to be too low 
at the higher speeds. On the other hand, as shown 
in curve a, controlled rheostatic braking maintains a 
steady braking effort over a wide range of speeds. 





CATALOGUES. 


Plastic Handwheels.—Full information regarding the 
moulded plastic handwheels, handles and knobs manu- 
factured by them are given in a catalogue recently 
published by the Ray Engineering Company, Limited, 
Waterdale Works, Southmead, Bristol. 


Electric Lamps.—A copy of a new catalogue giving 
details of the numerous lamps marketed by them under 
the trade marks of Metrovick and Cosmos has been 
received from Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, 17. 


Pattern-Shop Equipment.—Mesers. J. W. and C. J. 
Phillips, Limited, Pomeroy-street, New Cross, London, 
S.E.14, have published a catalogue of the materials, 
tools and equipment which they supply for pattern 


. |shops. In addition to items commonly used in other 


trades, there are letters and figures, contraction rules, 
core boxes, dowels and dowel plates, pattern varnish, 
moulders’ tools, rapping plates, etc. 


Short Wave Radio Transmitter.—Full details of their 
5-kW to74-kW Radifon transmitter are given in a pamphlet 
issued by Rediffusion, Limited, Broomhill-road, Wands- 
worth, London, 8.W.18. This equipment has been 
designed to provide telegraph, telephone and broadcast 
communication over a frequency range of from 2 to 23 
megacycles per second and is constructed in three bays. 
the various units of which are mounted on a completely 
enclosed steel rack. All components and wiring are to 
tropical specification. 


Honing Equipment.—George H. Alexander Machinery, 
Limited, 82/84, Coleshill-street, Birmingham, 4, have 
issued a 24-page illustrated brochure describing their 
practice of honing cylindrical bores, and listing a series 
of stoneholders, hones and driveheads, of their manufac- 
ture, for any size between 4§ in. and 12} in. diameter. 
The publication coincides with the firm’s twentieth year 
of specialisation in honing which, it is claimed, has been 
developed so that seriously oval or taper bores, or even 
those in the rough-cast state, can be trued entirely by 
the process and at less cost, in some applications, than 
if used in conjunction with other machining methods. 


Separator for Fine Particles.—A leafiet issued by the Stur- 
tevant Engineering Company, Limited, Southern House, 
Cannon-street, London, E.C.4, describes a new mactiine 
—the Whirlwind centrifugal separator—for the separa- 
tion of fine material, of mesh size 200 to 350 to the inch, 
from coarse material. It may be used for the removal 
of fine particles from materials already milled or in a 
naturally fine state, or for operation in closed circuit 
with a pulveriser. The material is thrown outwards by 
centrifugal force, into a rising air stream which carries 
away the finer particles. 
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THE EFFECT OF HEAT ON | pressure 


ELECTRO-DEPOSITED 
CHROMIUM. 


By R. Granam, Ph.D., K. R. Wittiams, B.Sc., 
and R. W. Wuson, B.A. (Cantab.). 


Mvucs attention has been paid in the past to the 
production of.chromium deposits. The hardness 
obtained under varied conditions of plating has 
been investigated and reported so that it is possible 
to obtain deposits ranging from machinable to 
extreme hardness. The relationships between hard- 
ness and physical structure, grain size, hydrogen 
content and oxygen content have been discussed 
from practical and theoretical points of view, and 
various hypotheses have been advanced to correlate 
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these phenomena. The physical properties other 
than hardness have also been studied, in some cases 
before and after heating to as high as 1,200 deg. C. ; 
but, with a few exceptions, the range from 100 deg. C. 
to 450 deg. C., important in connection with the 
internal-combustion engine, has not been closely 
examined. It is well known that chromium, as 
deposited, is somewhat difficult to lubricate, and to 
overcome this, processes have been devised to pro- 
duce a discontinuous oil-carrying surface. The 
basic explanation of such a discontinuous surface, 
however, has not received much attention. The 
object of this investigation, which was carried out 
at the Thornton Research Centre of the Shell 
Refining and Marketing Company, was to examine 
the temperature range 100 deg. C. to 450 deg. C. and 
find, if possible, the factors, other than poor adhesion 
to the basis metal, responsible for those cases in 
which satisfactory wear resistance is not obtained. 
Consideration of the factors involved indicated 
that there might be a relationship between unsatis- 








factory wear properties and the temperature and 
to which the plating is subjected. The 
findings of Schallbrock and Heilscher, who quote a 
maximum pressure to be observed if spalling of the 
deposit is to be avoided in the use of chromium- 
plated lathe tools, confirmed this opinion and it was 
decided to carry out the investigation along these 
lines, 

It will be useful at this stage to review the per- 
tinent literature on the properties of chromium as 
deposited by electroplating and summarise the known 
data in conjunction with the results of those deter- 
minations it was felt needful to make for the present 
investigation. The published data of Cymboliste 
illustrate the exhaustive work which has been done 
on the hardness of electro-deposited chromium. 
His data show that it is possible to obtain deposits 
ranging in hardness from 450 to 1,000 V.P.N. by 





altering the composition of the plating solution. 
Chromium deposits, like those of other metals 
from aqueous solutions, are slightly contaminated 
by trapped electrolyte or by the reaction products 
of electrolysis. Despite the absence of recognisable 
impurity in cross-sections of chromium plating, 
Fig. 1, it will be shown in an appendix to this article 
that, hydrogen apart, the non-metallic content of 
plating produced at 50 deg. C. under standard condi- 
tions can amount to 3-3 per cent. The present results 
corroborate the findings of Wright and Dale. The 
amotnt found by Portevin and Cymboliste and by 
Brenner and his co-workers is somewhat less than 
this for temperatures of deposition up to 60 deg. C., 
and Brenner shows that from 65 deg. C, to 85 deg. C. 
the amount is drastically reduced. Snavely dis- 
cusses the matter mainly from a theoretical aspect 
and it is evident that the factors influencing the non- 
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varying the current density between 135 and 720 
amperes per square foot and the deposition tem- 
perature between 38 deg. C. and 80 deg. C. One 
interesting feature is that, for different current 
densities, the curves of hardness against temperature 
meet in a common point at 900 V.P.N. and 55 deg. C. 
Hume-Rothery, using a bath of slightly different 
composition, found a similar common point at the 
same hardness, but at a slightly higher temperature 
for higher current densities than those used by 
Cymboliste, and the general characteristics of both 
sets of graphs agree. The matter has been con- 
firmed and discussed in connection with the oxygen 
content of the deposited chromium. 

In general, all published results show that for 
bright deposits from a standard type of plating 
bath, at medium temperatures and current densities, 
the hardness to be expected will be in the region of 
900 V.P.N. Softer deposits, of about 450 V.P.N. 
can be produced from standard baths at high tem- 
perature and current densities and also by radically 

















Fic. 6. Grounp SurFAcE oF PLatrnc. CRACKS 
DEVELOPING FROM CORNERS OF ImPRESSION 
Mane at 250 Dee. C. x 200. 


metallic content of chromium are temperature of 
deposition and viscosity,and therefore composition, 
of the plating bath. The hydrogen content of 
chromium plating has been discussed by practically 
all the authors mentioned above and also by Gold- 
schmidt, and is the subject of a theory for the 
physical properties of the plating by Snavely. It is 
proposed to deal with this matter at some length 
below, as the occurrence and distribution of non- 
metallic material in chromium plating will be shown 
to have an important influence on its wear pro- 
perties. 

X-ray diffraction patterns taken by back reflection 
from chromium plated at 50 deg. C. from a standard 
bath, show that the grain size must be very small. 
Wood calculated, from the line-broadening of X-ray 
diffraction patterns, that the grain size lies between 
10 and 15 x 10-’ cm. This explains why it is 
impossible to differentiate the individual crystals of 
chromium plating by normal microscopic methods. 
Gebauer corroborates the results of Wood, and 














Fie. 7. CHromium Piatinc AFTER HEATING 
To 250 Dre. C. Lustrous Surrace. x 440. 





Fie. 10. Cracks tn Platine PoLIsHED AND 
Heatep To 350 Dea. C. x 30. 


although Portevin gives an illustration showing dis- 
cernible crystals in chromium plating, this plating 
was produced under abnormal conditions. There 
has been some confusion in the past over the features 
revealed when microsections of chromium plating 
are etched. A series of fine straight lines, very 
similar to grain boundaries, appear at first, but these 
are not connected and further etching results in the 
production of elliptical pits in some cases and 
angular voids in others. This aspect will be referred 
to later, for it is connected with the impurities on 
the plating and, as stated above, has an important 
influence on the wearing properties of the deposit. 

No attempt was made during the present investi- 
gation to assess the amount of internal stress 
existing in chromium plating. The stress is con- 
tractile and is dependent on plating-bath tempera- 
ture and composition, as well as on current density. 
Further, as most industrial chromium deposits con- 
tain minute cracks, actual or potential, it was felt 
that such a feature was an investigation in itself. 
The matter has been dealt with by Hume-Rothery, 
Hothersall, Brenner et al, Gebauer, Dupernell, and 
many others. The internal stress can range from 
20 to 40 tons per square inch, increasing with deposi- 
tion temperature. Although Hume- Rothery states 
that it is possible to obtain stress-free chromium 
plating, this finding does not appear to have been 
substantiated by others. 

Attempts were made in this investigation to 
decrease the stress in chromium deposits and at the 
same time produce a discontinuous surface by super- 
imposing ar alternating current on the direct plating 
current ; neither object was achieved. The deposit 
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Fic. 8. Piatrne SHowrne Increrent Cracks. 
Dark-Frecp ILLUMINATION. x 120. 





Fie. 11. 
Dae. C., anD ANODICALLY ErcHEep, SHOwrNG 
Crackine. x 30. 


Piatine PoutsHEeD, HEATED TO 350 


superimposed on a direct plating current density of 
200 amperes per square foot, but there was no 
apparent reduction in the stress in the deposit. 
“Treeing” took place, even in the centre of the 
plated area, when an alternating-current density 
of half the value of the direct-current density was 
used. A similar result was obtained by the use of 
an alternating-current density of 75 per cent. the 
value of the plating current density, but in this case 
there was slight etching of the deposit. When the 
alternating- and direct-current denaities were equal, 
the deposit had an etched “‘ satin ’’ finish, but there 
was still no apparent diminution of the strees left 
in the deposit. In view of thece results this aspect 
of the investigation was not pursued. 

The density of chromium, as deposited, is given 

by Hidneit as 6-93. The value found in the present 
mvestigation was slightly higher than this. A recent 
publication discusses the matter very fully and 
asserts that a relationship exists between the 
density of the deposited metal and its oxygen con- 
tent. The den.ity of chromium, in itself, is more 
of academic than practical interest, but the change 
which takes place in it on heating does offer some 
evidence as to the mechanism involved and hence it 
will be considered. 
Thermal conductivity was not examined, but it is 
interesting to note that reference books give that of 
chromium as 0-65 cal. per sq. cm. per deg. C. per 
em. per sec., indicating that among the metals, only 
silver, copper and gold are better heat conductors, 
the value for silver being approximately 1-0 and 
that for copper 0-9. 


The coefficient of thermal expansion will be dealt 





was slightly smoother than usual when an alternat- 
ing-current density of 60 amperes per square foot was 
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Fic. 12. Iyrivence or DirEcTION OF GRIND- 
ING ON DISCONTINUITIES IN PLATING. X 4. 


sion of chromium becomes a function of temperature 
alone, only after repeated heating to 500 deg. C. and 
cooling. Both he and Jenicek found that electro- 
deposited chromium contracts linearly approxi- 
mately 1 per cent. after heating, which fact will also 
be considered later. 

The present investigation was confined mainly to 
the effect of heat and friction on the physical pro- 
perties of electro-deposited chromium. The pro-, 
perties examined were those likely to be important 
factors in wear resistance, hardness, thermal expan- 
sion, physical structure and coefficient of friction. 
Wear studies were made on a reciprocating wear 
machine to investigate the relationship between 
temperature and wear. The coefficient of friction 
studies on dry and on lubricated chromium plating 
were made on a Bowden-Leben type of apparatus. 

The maximum temperature to which test pieces 
were subjected in the study of the changes in 
physical structure of the deposits was 450 deg. C. 
This temperature would not be exceeded in internal- 
combustion engine components chromium plated for 
wear resistance. Further, there is a phase change in 
chromium at 480 deg. C. (International Critical 
Tables) with which is associated a distinct permanent 
drop in hardness and a change in density and 
coefficient of thermal expansion. 

Unless it is specifically stated to the contrary, the 
plating used throughout the various tests was pro- 
duced in a standard type of plating bath, the com- 
position of which was as follows :—CrO, 250 grams 
per litre, sulphate ratio 100 : I, deposition tempera- 
ture 47 deg. C. to 49 deg. C. The current density nor- 
mally employed was 200 amperes per square foot. 

The reciprocating wear machine was designed to 





chromium. Hidnert found that the thermal expan- 
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acy tinder wall. It consists exsontially of a flat wear 
plate on which a cylindrical slider is reciprocated 

with its axis parallel to the plane of the plate using 
a known variable load under conditions of flooded 
lubrication. Wea. is measured by the width of flat 
worn on the slider and by the depth of track on the 
wear plate as measured by a profilometer. A 
straight mineral oil to Specification DED. 2472B was 
used as lubricant unless otherwise stated. The 
operating conditions were : speed, 800 r.p.m. ; load, 
40 lb.; duration of test, 6 hours; and length of 
stroke, 2-85 in. 

The apparatus for determining coefficients of fric- 
tion used in this work was similar to that originally 
used by Bowden and Leben. It consists essentially 
of a carriage driven slowly by hydraulic pressure 
applied to a piston, the speed being adjustable within 
limits. Above a built-in heater on the carriage is 
mounted a plate of one of the materials being 
examined. A small hemispherical slider (upper 
contact) of the other material is supported by a 
bifilar suspension over the plate and contacts this 
with a known adjustable force. A conventional 
galvanometer mirror and lamp are used to measure 
the deflection of*this suspension and this gives a 
measure of the frictional force. The natural fre- 
quency of the suspension is relatively high so that 
fluctuations in the frictional force are faithfully 
recorded. In the present work, a load of 2 kg. was 
applied to a hemispherical upper contact 3 mm. in 
diameter. The motion of the plate relative to the 
contact support was maintained between 0-003 and 
0-006 cm. per second in all cases. Great care was 
taken to remove all grease and oil from the working 
faces of the plate and upper contact, especially as 
chromium is not easy to clean. The minimum 
thickness of chromium plating employed on a test 
piece was 0-005 in. 

Referring now to the test results and considering 
first the effect of heat on hardness. The hardness 
of chromium, plated 0-015 in. thick on mild steel, 
was measured at temperatures up to 250 deg. C. 
The results are shown in Figs. 2 and 3, on page 241, 
from which it is evident that hardness decreases 
iinearly with rise in temperature. Schallbrock and 
Heilscher noted that at 450 deg. C. the hardness of 
chromium plating drops to approximately half its 
original value, and if the graphs in Figs. 2 and 3 are 
extrapolated they confirm this observation. An im- 
portant feature not evident in the graphs is that after 
heating and cooling chromium plating there is a 
small but ‘significant drop in hardness, the drop 
increasing with the number of heating and cooling 
cycles. For a maximum temperature of 250 deg. C., 
however, the dropis less than 10 per cent. Dale also 
found this drop in hardness after heating and cooling 
chromium plating. 

A feature which accounts, to some extent, for the 
spread in the hardness values of chromium plating 
was the crack originated by the diamond indenter of 
the testing machine (Figs. 5 and 6, page 241). This 
cracking was invariably visible when the tempera- 
ture of testing exceeded 80 deg. C., an observation 
also made by Dale. The cracks formed in this 
manner were quite distinct from those normally seen 
in the plating, being straight and restricted to the 
immediate area of the diamond impression. The 
load. used in the hardness tests was 2} kg. 

The thermal expansion of chromium plating was 
measured directly in a dilatometer which had been 
standardised with pieces of aluminium and copper 
of thickness equivalent to that of the chromium. 
The chromium used for these experiments was 
deposited on thin copper sheet. The copper was 
dissolved in nitric acid leaving the chromium sheet 
by itself. On first heating chromium, as deposited, 
it was found to expand in a normal manner, the 
measured coefficient of linear expansion being 
6-2 x 10-* per degree between 20 deg. C. and 
300 deg. C. At 300 deg. C., however, the expansion 
curve ceased to behave in a normal manner and 
showed a slight contraction. The chromium deposit 
was not heated above 350 deg. C. and after cooling 
the experiment was repeated. In four subsequent 
determinations on the same piece of chromium, 
which had not been removed from the dilatometer, 
the expansion recorded up to 300 deg. C. was zero. 
At this temperature a contraction was recorded | the 
which seemed, qualitatively, to decrease in magni- 
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tude with each aieeen heating. A pure 
sample of chromium, flash-heated to 550 deg. C. 
before being tested in the dilatometer, was also found 
to show 4 negligible expansion up to 300 deg. C., 
at which temperature a contraction was again noted. 
As mentioned above, Hidnert found that the thermal 
expansion of electro-deposited chromium is a func- 
tion of temperature alone only after repeated heating 
to 550 deg. C. and cooling. It would appear from 
the present results that the 2-3 per cent. volume 
contraction which he found when chromium plating 
is heated can take place gradually at temperatures 
below the phase change at 480 deg. C. ard jhat the 
effect becomes definite at 300 deg. C. 

The density of electro-deposited chromium, by 
itself, is not of real importance in a study of the 
present nature, but changes in it afford some 
evidence in assisting to elucidate other phenomena. 
The density of a piece of plating, prepared as above, 
was found to be 6+999-7-003 grammes per cubic 
centimetre by the immersion weighing method. 
The same piece of plating was then heated to 450 deg. 
C. during a period of two hours and it was found that 
the density (20 deg. C.) had increased to 7-080 
grammes per cubic centimetre. This corresponds 
to a volume contraction of 1-2 per cent., which is 
lower than that quoted by Hidnert but still in fair 
agreement. The plating was heated in vacuo and 
the volume of gas evolved during heating was 
1-88 ml. (N.T.P.), the weight of chromium being 
293-23 mg. One volume of chromium, therefore, 
can apparently contain at, least 45 volumes of 
hydrogen. It is also calculated that if the hydrogen 
is combined as hydride and not simply dissolved in 
the chromium, the plating will contain approxi- 
mately 3 per cent. chromium hydride which can be 
broken by heating for two hours at 450 deg. C. 
Snavely finds a relationship of chromium : hydrogen 
atoms at 1:1-7, but his plating was produced at 
between 0 deg. C. and 4 deg. C., with @ bath eon- 
taining 1,021 grammes per litre CrO, and a sulphate 
ratio of 300 : 1, which could not be expected to yield 
comparable results. 

The surface of freshly deposited chromium, 
examined at a relatively large magnification, exhibits 
a network of very fine cracks, finer than those illus- 
trated in Fig. 7, opposite. Some of the cracks are 
distinct, others appear to be partly closed or healed. 
These cracks, open and partly healed, are not visible 
at low magnifications and are not visible if the surface 
has been ground or lapped. In thin deposits of 
chromium (not more than 10~‘ in. thick) the crack 
network forms rectangles or squares, the cracks 
forming essentially straight lines; in thicker 
deposits (10-* in. and greater, Fig. 7) the cracks 
appear to be of a circular nature, but even in these 
cases, the junctions, or most of them, occur at 90 deg. 
The occurrence of these cracks is accepted as 
arising from the internal stress in the plating. This 
view agrees with the mode of occurrence, since an 
isotropic solid under equal contractile stress in ail 
directions would tend to form orthogonal cracks. 
These cracks occur in the deposit independently of 
the plating conditions. A deposit (Fig. 4, page 241), 
made with twice the current density of that used for 
the plating shown in Fig. 7, showed an exactly 
similar network even though one deposit was lustrous 
and the other mat. Even the deposits produced at 
85 deg. C. with very high current densities show 
such cracks. It therefore follows, as postulated, 
that these cracks are a function of plating thickness 
only. As mentioned above, the “open” cracks 
are fine in freshly-deposited chromium. After 
heating to 350 deg. C., they become much plainer 
but those that are “ half-healed ’ apparently remain 
unaffected by heating. This point was confirmed 
on plating made on copper strip and also on plating 
from which the copper strip had been removed by 
nitric acid so that differential expansion would not 
interfere. Although no cracks could be seen on the 
surface of chromium plating which was lightly 
polished onemery paper before heating to 350 deg. C., 
a circular network which was visible only in dark- 
field illumination developed 24 hours after heating. 
(See Fig. 8, opposite.) 

Chromium plating on a piece of mild steel was 
SS oage on emery paper and etched anodically in 

plating bath. A network of channels (Fig. 9) 
developed on the surface. The section was then 

















heated in air to 250 deg. C. and the vate noticeable 
change in the appearance of the chromium was the 
perceptible widening of the channels. 

In another case, the plating was etched anodically 
before polishing on emery paper. The polishing 
was continued until all the etch pattern had been 
removed, and as the plating was slightly concave, 
this entailed the removal of slightly more chromium 
from the edges than from the centre of the specimen. 
No discontinuity or crack was visible. The speci- 
men was then heated in air to 350 deg. C. for three 
hours and cooled. Straight cracks were found at 
the ends of the plating (Fig. 10, opposite), but in the 
centre, where little had been removed in polishing, 
the cracks followed the channel pattern. The 
effect was found to be reproducible, thus indicating 
a connection between the amount of polishing 
or metal removal and the distribution of the 
cracks. 

In another case, the chromium was anodically 
etched as before. A grinding, as distinct from 
polishing, operation was then carried out, so that 
the deposit varied in thickness. The chromium 
actually tapered off into the steel on one side. 
Thereafter, the specimen was heated to 350 deg. C. 
during one hour. After cooling, the deposit was 
blistered or flaked at the crack boundaries on the 
edge where the chromium was thin. The thicker 
chromium deposit behaved normally, showing 
orthogonal cracking. This experiment corroborates 
the fact that chromium plating less than 0-0003 in. 
in thickness is not suitable for wear resistance 
owing to flaking under load. 

It was noticeable that the surface of an etched 
and polished chromium surface appeared to be 
roughened after heating when examined at a low 
magnification. The roughening occurred hap- 
hazardly over the surface without any regularity. 
Several specimens, with both etched and polished 
chromium surfaces, were repeatedly heated to 
350 deg. C. and cooled. On examination it was 
found that roughening occurred to a greater or less 
degree in all. However, when the plated specimen 
was heated to 350 deg. C., then polished on fine 
emery paper and etched anodically, producing the 
effect illustrated in Fig. 11, no apparent roughening 
took place even on repeated heating. It was also 
noted during these experiments, that once the edge 
of the chromium plate was broken mechanically 
from the mild-steel base, a tendency towards flaking 
developed, making it appear as though the plating 
were receding from the edges of the steel. 

A chromium-plated section of mild steel was 
heated to 200 deg. C. The chromium was then 
ground to remove 0-0005 in. depth from the areas 
near the edge of the specimen and, as the plating was 
concave, very little was removed at the centre 
of the specimen. The chromium was then etched 
anodically. Where little grinding or polishing had 
been done in the centre, fine channels were found, 
but at the edge areas straight-line discontinuities 
were produced, oriented in such a manner that the 
principal discontinuities extended at right angles 
to the direction of grinding. Fig. 12 illustrates the 
type of surface obtained after light lapping had been 
carried out. The importance of the structural fea- 
tures of chromium and their dependence on the 
mechanical treatment is well illustrated by these 
results. 

(To be continued.) 





SUMMER MEETING OF THE INSTITUTION OF ELECTRICAL 
ENGINEERS.—The first summer meeting of the Institution 
of Electrical Engineers to be held since the war will take 
place in Scotland from Monday, May 30, to Friday, 
June 3. Those attending will assemble in Edinburgh 
on the opening day, on the evening of which a civic 
reception will be given by the Lord Provost. Visits will 
be paid to the works of Messrs. Bruce Peebles and 
Company, Limited, and Messrs. Ferranti, Limited, on 
Tuesday morning, while in the afternoon the party will 
leave for Pitlochry. The whole of Wednesday will be 
occupied in visits to the hydro-electric schemes of the 
North of Scotland Hydro-Electric Board, while on 
Thursday, the journey to Glasgow will be made by road, 
the hydro-electric works at Loch Sloy being inspected 
en route. On Friday, there will be alternative visits to 
a number of works, including those of Messrs. Babcock 
and Wilcox, Limited, Scottish Cables, Limited, and 
Messrs. Glenfield and Kennedy, Limited. 
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Engineering Optics: The Principles of Optical Methods in 
Engineering Measurement. By K. J. HaBELL and 
ARTHUR Cox. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. [Price 
35s. net.] 

THE increasingly exacting demands of inspection 

and control of engineering components have been 

met largely by improvements in, or adaptations of, 
existing optical instruments or by the introduction 
of new optical devices. To enable full advantage 
of such instrumental aids to be taken, an under- 
standing of the properties of optical systems and 
their limitations is essential. The purpose of this 
book is to provide a critical survey of the main 
optical methods applicable to, and the chief instru- 
ments available in, engineering practice. It was 
written while the authors were in the service of 

Messrs. Taylor, Taylor and Hobson, and reflects the 

most advanced trends in design. 

Nearly a third of the text is devoted to the funda- 
mental properties of ideal optical systems, to the 
effects of aberrations and diffraction upon the 
performance of actual optical systems, and to the 
relevant aspects of light and illumination. Image 
formation by ideal optical systems is treated by the 
standard methods of geometrical optics. Examples 
are given of the calculation of focal lengths by the 
step-by-step tracing of a ray through the successive 

and spherical interfaces of an optical system 

of known structure, both in the forward and reverse 
sense. Practical instructions for ing focal 
lengths are also given. Adequate attention is paid 
to the important subject of stops and pupils, 
including glare and telecentric stops. Image ts 
arising from monochromatic aberrations and chro- 
matic effects due to dispersion are considered in 
broad outline, together with the means adopted 
to reduce them as far as circumstances will permit. 
Consideration of diffraction and resolving power is 
prefaced by a brief account of the wave theory of 
light, in which the arguments relating to Huygens’s 
construction are far from convincing. The human 
eye being an indispensable part of any optical 
instrument, its structure is described and details 
of its performance given. To make the most of the 
acuity of the average eye, adequate lighting is 
essential, and the section on light and illumination 
includes data on the brightness and efficiency of 
light sources and describes the simpler visual 
aids. 

The remainder of the text deals with particular 
classes of optical instruments, describing, by way 
of illustration, selected representatives of each class. 
Thus, after a general outline of the principle of the 
microscope, types suitable for surface examination 
and projection are considered, and such special 
developments as binocular heads and optical profile- 
grinding machines are discussed. many cases, 
the appearance in the eyepiece is illustrated, together 
with an example of the reading taken. The two main 
types of telescope are discussed, with details of 
their objectives and eyepieces. The principles of 
collimation and avto-collimation are explained, with 
examples of their practical application. It should 
be pointed out that the formula on page 226 applies 
only when the prism is in its minimum-deviation 


position, and it is unfortunate that the prism in | This notable achievement has contributed materially 


Fig. 101 (d) should appear to depart so noticeably 
from this position. 
Requirements for satisfactory optical projection 


are considered in detail, with emphasis upon those | i28 of geophysical phenomena, when properly inter- 


suitable for the examination of solid objects such 


as form tools and screw threads. The necessity of | theoretical significance. 


using collimated light, in conjunction with a pro- 
perly corrected projection lens, to secure a suffi- 
ciently good image definition for accurate measure- 


ment is pointed out. The relative advantages of | investigations and less to field expeditions, though 
opaque and translucent screens are discussed and | it is proposed to carry out aerial magnetic surveys 
the features of various commercial profile-projectors | over volcanic regions and to participate in upper-air 


and profile-microscopes are compared. Under mis- 


cellaneous methods, optical indicators, the optical | freedom of such an institution as this is the possi- 


lever, the application of interference fringes and 


parentheses at the end. The observer is bound to 
be puzzled when the account leads him to expect 
a bright-centred ring system and this turns out to 
be dark-centred. The expression “‘light force ’’ on 
page 367 is somewhat unfortunate. The concluding 
chapter, on constructional features, supplies inter- 
esting details on glass manufacture, the production 
of meta] mounts and graticules, surface blooming, 
and helpful hints on the care of optical equipment. 

This is a useful reference work for engineers 
using ®ptical equipment, well illustrated and full of 
practical information based on extensive first-hand 
experience, much of it presented in convenient 
tabular form. The slight weakness in the few 
excursions into physical optics can easily be remedied 
in a future edition. 
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Annual Report of the Director of the Department of Terres- 
trial Magnetism. 1946-47. Carnegie Institution of 
Washington, Washington, D.C., U.S.A. [(Gratis.] 


THE Department of International Research in 
Terrestrial Magnetism was founded by the Carnegie 
Institution of Washington in 1903, and the present 
report opens with a review of the work accomplished 
by itsbetween 1904 and 1946. At the time of its 
foundation, the earth’s magnetic and electric fields 
had been explored in relatively few areas, chiefly 
on land. To enable ocean surveys to be undertaken, 
a wooden sailing vessel was chartered and three 
successful cruises were carried out in the Pacific 
between 1905 and 1908. A new non-magnetic 
yacht, the Carnegie, was launched in 1909 and, 
before her destruction by fire in 1929, made seven 
cruises, covering all oceans and bringing back a 
mass of observations. Meanwhile, the survey pro- 
gramme on land was extended to embrace South 
America, Africa, Australia, the islands of the various 
oceans, and the polar regions. Over 100 expedi- 
tions were made, providing measurements at thou- 
sands of stations. The erection of a laboratory at 
Washington in 1914 provided facilities for funda- 
mental investigations into the cause of the earth’s 
field and for the design and maintenance of special- 
ised instruments. Following the first world war, 
survey activities were curtailed and work was 
concentrated on observatories, principally those set 
up at Watheroo, Western Australia, and at Huan- 
cayo, Peru. Arrangements were made to secure 
continuous records of magnetic-field components 
and atmospheric eleetricity elements throughout a 
complete sun-spot cycle and to eope with the 
reduction of this greatly increased accumulation of 
data. Later, spectrohelioscopes, seismographs and 
cosmic-ray meters were installed at the various 
observatories, the pulse technique for ionosphere 
investigation was developed, and studies of thunder- 
storms undertaken. During the second world war, 
most members of the department’s staff were 
engaged on special problems, including work on 
magnetic mines and the preparation of isomagnetic 
and isophoric charts. In 1946, the observatories at 
Watheroo and Huancayo were offered, with equip- 
ment, to their respective Governments, and other 
activities financed by the United States Govern- 
ment were terminated. Publication of results, 
delayed by the war, has been begun, and six out 
of the 17 projected volumes have been completed. 


to the understanding of the earth’s fields and of 
their daily, annual and secular variations. It has 
justified the conviction that long-continued record- 
preted, will yield results of practical value and 


The first year of post-war operation marks a 
major change in the activities of the department, 
which henceforth will be directed more to laboratory 


rocket experiments. One real advantage of the 


bility of switching its effort into the most pro- 


Dr. J. A. Fleming, has been completed and is illus. 
trated. This instrument enables any component 
of the earth’s magnetic vector to be measured, its 
constant being determined from the mutual ind uct- 
4 between a primary coil and a rotating secondary 
coil. . 

Interesting evidence concerning the direction of 
the earth’s magnetic field towards the end of the 
last Ice Age (some 25,000 years ago) has been 
obtained from observations of the residual magnctis- 
ation of the annual layers of silt deposited by the 
retreating glaciers. Another feature of the future 
programme of work is the extent to which co- 
operation with other agencies is planned, particu. 
larly in nuclear physics and biophysics. Of more 
direct interest to the engineer are the experiments 
on very thin films of iron, designed to test a theory 
of ferromagnetic domains proposed by Dr. Charles 
Kittel and made possible by the extremely sensitive 
apparatus developed for measuring the magnetis- 
ation of clays. 

This report, including as it does an impressive 

record of past achievement and a future programme 
of high promise, affords ample evidence that the 
Department of Terrestrial Magnetism of the Car- 
negie Institution of Washington is not only alive to 
its obligations but is also taking the fullest advantage 
of its opportunities. 
Building Research, 1940 to 1945. Published for the 
Department of Scientific and Industrial Research by 
H.M. Stationery Office, York House, Kingsway, 
London, W.C.2. [Price 3s. 6d. net.] 


Berore the second World War, an annual volume, 
issued jointly by the Building Research Board and 
the Director of Building Research, described the 
work done during the previous year at the Building 
Research Station at Garston, near Watford. In 
1939, much of the work of the Station was discon- 
tinued, some of the staff were dispersed to other 
laboratories or released to join the Services, and 
a large part of the station premises was requisitioned 
by the Royal Air Force. The annual report was 
discontinued. Some of the work performed by what 
remained of the Building Research Station was of a 
secret nature, but enough was of general interest to 
justify the publication in 1948 of a single volume 
to cover the work done between 1940 and 1945. 

In 1939, Dr. (now Sir Reginald) Stradling, the 
Director of Building Research, assumed the duties 
of Chief Adviser on Research and Experiment to 
the Department which eventually became the 
Ministry of Home Security, and, in 1944, he became 
Chief Scientific Adviser to the Ministry of Works. 
The Building Research Station was called upon to 
carry out considerable work on such matters as 
anti-scatter treatment for glass, and substitutes for 
traditional building materials in war-time building, 
in repairs to war damage, and in post-war building. 
Research was also conducted on the production and 
properties of Portland blast-furnace cement and 
other products of reactions between materials at 
high temperatures. Tests on the carrying capacity 
of road bridges led to a revised system of classifi- 
cation. Full-scale experiments were started on the 
heating and heat-insulation of buildings ; standard 
techniques were developed to test the strength and 
stability, and the sound insulation, of post-war 
houses; and inspection was undertaken for the 
Burt (interdepartmental) Committee on House 
Construction to check the efficiency of numerous 
experimental houses submitted for Government 
approval. The Building Research Station was 
responsible for advice on the British Standard 
A.R.P. and other specifications, for the issue of 
War-time Building Bulletins, and of a series of 
pamphlets on the Repair of Damaged Buildings ; 
it made important contributions to the series of 
Post-War Building Studies and to the Codes of 
Practice drawn up by the professional institutions 
and issued by the Ministry of Works through the 
British Standards Institution. The work done dur- 
ing those five eventful years on the foregoing and 


section projection are considered. It is difficult to|ductive channels. Researches in progress in| many other items of research, is summarised in the 
understand why the phase change due to reflection | analytical geophysics include studies of the earth’s 


report, and illustrated with numerous photographs 
and diagrams. 








under opposite conditions is not incorporated in the | crust, of the upper atmosphere and cosmic-ray 
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THE ENGINEERING 
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XI.—Ligut ELEectTrRIcAL ENGINEERING AND THE 
SLECTRIC WIRE AND CABLE INDUSTRY. 


For the light electrical engineering industry as 
a whole, the picture was one of prosperity in 1948. 
The target set for exports of electrical goods and 
apparatus for the end of 1948 was 235 per cent. 
of the 1938 volume. In the fourth quarter of 1948, 
the volume of exports attained was 231 per cent. 
of the 1938 figure. The raw-material position was 
considerably easier than in 1947 and the output was 
substantially above the 1947 level. The total 
number employed rose slightly, from 158,700 in 
December, 1947, to 161,900 in November, 1948, 
while the female labour force declined by 1,000 to 
49,500. This probably reflects the drop in the 


sales of domestic electrical appliances. The decline | Important developments, moreover, have been 


TABLE I1.—UNITED KINGDOM PRODUCTION OF DOMESTIC ELECTRICAL APPLIANCES. (MONTHLY AVERAGES.) 





Electric Electric 

ires, Irons. 
1937 ll 11-2 
1945 — 78°5 
1946 aa ee ok - 186-5 277°5 
1947 ee e - os 119-2 198-8 
1948 1st quarter ne - 42-7 154-4 
2nd quarter a ; 20-8 137-4 
3rd quarter _ i 16-9 124-2 

4th quarter oa = 34-2° — 


* October and November. 


|taking place in television in the United States. 


in output of these items may be seen in Table I, 
herewith. The output of electric fires has, of 
course, been subject to official restrictions under 
the Machinery Plant and Appliances Order, but 
the onset of the buyer’s market is now apparent. 
The fall in demand has not been confined to the 
domestic market, where the high purchase tax has 
been a considerable deterrent; the decline in 
overseas exports has been partly due to currency 
difficulties and to import quotas placed on this 
class of goods, but it is also due to increasing 
consumer resistance abroad. 

Manufacturers in the United States and Canada 
also have been faced with declining home demand 
for their products. In these countries, as in Britain, 
the demand‘for products which offer special advan- 
tages has been best maintained. Messrs. Morphy- 
Richards, Limited, for example, were able to 
expand sales of their automatic electric iron by 
85 per cent. and claim to have accounted for 46-5 
per cent. of British exports of electric irons in the 
first half of 1948. The same compiny have also 
developed an automatic toaster for which an en- 
couraging volume of orders has already been 
received. Although over 5 million domestic wire- 
less receiving sets now in use in Britain are at least 
ten years old, the demand has been disappointing, 
despite the reduction in purchase tax from 66-6 to 
33-3 per cent. in June. Little increase in sales 
could, of course, be expected in the summer months, 
when demand is at a seasonal low level, but there 
was little improvement in October and November. 

There has, however, been a boom in the television 
trade. In spite of the shortage of cathode-ray 
tubes, the output of receivers rose steadily from 
3,500 in January to 12,800 in November. Tubes 
made by a moulding process, however, should be 
available by the end of 1949, when it is hoped that 
the output of television sets will have reached an 
annual rate of 300,000. Production may be retarded 
by a shortage of plywood ; while the possibility of 
using plastics:instead of timber is being explored, 
a satisfactory process has not been evolved so far. 
For these sets, demand has been in excess of supply 
and should increase still further. When the Sutton 
Coldfield Station, begun at the beginning of 1948, 


is complete, it will cater for a population of six | V 


millions. The television industry, moreover, has 
already developed an extensive export business, 
which, despite the import quotas imposed by many 
countries, is likely to grow. British manufacturers, 
are convinced that the 405-line system makes it 
possible to develop television services at minimum 
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cost, and consider that it should not be difficult to 
meet the competition of other countries. Many 
orders have been received from hard-currency 
markets, where vigorous publicity campaigns have 
been conducted. Manufacturers in the United 
States, alarmed at the British success, have made 
plans for comprehensive and aggressive foreign 
sales campaigns in support of American television 
standards and equipment. The main goals are 
the Latin-American markets, where British manu- 
facturers have made considerable headway, and 
Australia and South Africa, where television ser- 
vices are not yet available to the public. At present, 
however, American home demand still exceeds the 
ability of manufacturers to supply. The shortage 
of cathode-ray tubes restricted the output of 
receiving sets to about 600,000 in 1948, although 
output is expanding rapidly ; the forecast for 1949 
is 1-5 million sets, rising to 4 million by 1952. 


Thousands. Number. 
Electri | Domesti 
ectric | . mestic was 
Vacuum poate Radio — om 
| Cleaners, ‘ Sets. —— 
¥ =~ y ee. | 
3-4 3-5 150 — 
9-8 14-4 24 _ 
56-9 52-6 115 530 
75-8 64-6 165 2,350 
53-0 44-7 169 4,229 
55-3 33-1 151 5,136 
40-5 30-8 97 8,068 
— a 108* 12,435 


The Westinghouse Electric Corporation claim to 
have overcome the obstacles in the way of trans- 
mitting over the whole of the United States by the | 
use of high-flying aircraft. Manufacturers hope that 
this ‘ stratovision telecasting ” will make possible | 
coast-to-coast television and thereby open up the | 
| huge potential market represented by the millions | 
| of rural dwellers. | 

In 1948, television sets were estimated to account | 
for 30 per cent. of the dollars spent on radio and | 
television receivers in the United States. The year’s 
output of about 600,000 television sets compares | 
with 10-8 million radio sets. Television sets still | 
account for only a small part of the total output | 
of the radio industry in the United Kingdom and | 
have not yet compensated appreciably for the decline | 
in sales of radio receiving sets. While the demand 
for components, transmitting, radio telephony and 
radar equipment continues at a high level, there is 
some anxiety about the future prospects of the 
industry. Manufacturers of telegraph and telephone 
apparatus also found 1948 a prosperous year. 
Notwithstanding the high level of production of 
line equipment during the war, demand is still well 
in excess of world production. British exports of 
this equipment in 1948 were nearly double those in 
1947, as shown in Table II, herewith. 





TABLE II.—United Kingdom Exports of Light Electrical 
Goods and Apparatus. (£1,000.) 














— | 1988, | 1947, 1948, 
Wireless apparatus :— 
Domestic radio receiving | | 
sets = Ss fe 441 | 4,600 3,640 
Transmitting apparatus ..| 341 | 1,434 2,732 
Valves complete .. >of 495 1,501 1,948 
Telegraph and telephone | | 
apparatus .. os --| 2,913 | 6,718 12,021 
Electric light bulbs, com- 
plete er. at ae 1,283 1,693 
Electric light appliances and | | 
accessories on oo | 5838 | 3,228 4,986 
Batteries, primary, complete | 163 499 702 
Accumulators “ss oof 584 =|) «(2,882 3,459 
Electrical cooking and heat- 
ing ap 4 con 368 2,676 3,052 
Electri instruments, in- | | 
cluding X-ray apparatus. . | 590 | 3,857 5,315 
Refrigerating machinery .. | 396 -| 2,006 4,095 
acuum cleaners .. sea 320 | 2,424 1,743 
Other electrical goods and | 
appliances . . die --| 1,296 | 8,064 4,614 
Total .. --| 9,083 | 36,167 
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In the section of the industry producing electric 

















lighting appliances, the: most significant develop- 


245 
ments have been in the field of fluorescent lighting. 
At the Manchester works of the General Electric 
Company, the output of low-voltage fluorescent 
tubes is at the rate of 20,000 complete 5-ft. tubes a 


week. Austin Walters and Son, Limited, who 
recently started production at a new factory at 
Old Trafford, are now producing cold-cathode 
fluorescent-lighting equipment which is claimed to 
have special advantages over hot-cathode tubes, 
a longer useful life, and lower maintenance cost. 
Thorn Electric Industries, Limited, now co-operating 
with the Sylvania Company, are one of the world’s 
largest producers of this type of equipment; this 
company reports considerable expansion in their 
fluorescent-lighting business. Krypton gas is now 
being used in the United States to make fluorescent 
lamps. One of the leading manufacturers reports 
than an 85-watt krypton tube gives as much light 
as a 100-watt conventional fluorescent tube, using 
argon. The new lamp is expected to increase the 
use of fluorescent lighting in the United States, 
where 16 per cent. of the homes, as well as a high 
proportion of commercial and industrial establish- 
ments, already have fluorescent illumination. The 
principal drawback to production in Britain has 
been the shortage of glass tubes, but the supply 
position is now considerably easier. Glass bulbs 
for ordinary tungsten lamps have also been in short 
supply. To overcome this, and also to reduce the 
present high costs of these articles, the General 
Electric Company and the British Thomson- 
Houston Company formed a private company in 
May, 1948. Two Corning ribbon machines, each 
with a capacity of one million glass bulbs a day, 
are to be imported from the United States, to be 
installed in a factory at Tamworth. Production is 
expected to start in the second half cf this year. 
Despite the shortage of lead, the output of storage 
batteries in 1948 was substantially higher than in 
1947 (Table III). Manufacturers of batteries have 


TABLE III.—United Kingdom Production af Miscellaneous 
Light Electrical Equipment. Monthly Averages by 
Value (£1,000). 


Refrigerating 
Machinery and Parts. Elec- 
a oes a tric Accumu- 
— Lamp | lators. 
Domes- Commer- Indus- | Bulbs.* 
tic. cial, trial. | 
= 249 503 137 865 1,045 
1948— 
ist quarter .. 343 529 136 1,097 | 1,220 
2nd quarter. . 410 641 146 | 868 1,157 
8rd quarter . . 467 599 154 771 1,134 
4th quarter .. 26t 593 232 990 1,400 





* Including flash-lamp bulbs. 
+ October and November. 
¢~ October. 


an important part to play in the mechanisation of 
collieries in this country, as battery locomotives 
come increasingly into use. Moreover, industrial 
and commercial demands for electric vehicles are 
rapidly expanding ; in 1947, 10,000 were in use, as 
compared with 3,000 in 1938. The Electric Vehicle 
Association claim that, for short hauls and door-to- 
door deliveries, battery-driven electric road vehicles 
operate at half the cost and have double the life 
of petrol vehicles, which more than makes up for 
their higher price. The output of these vehicles 
increased from 3,300 in 1947 to nearly 4,000 in 
1948, the great majority being for the home market. 
Besides catering for this growing home demand, 
manufacturers have been able to increase exports 
substantially ; total exports of batteries and accu- 
mulators increased from 3-4J. million in 1947 to 
4-21. million in 1948. While there has been no 
fundamental change in the basic principle of bat- 
teries, the charge against the industry that there 
has been no progress for the past 40 years is hardly 
a fairone. The demand for special-purpose batteries 
h»s produced a wide range of products with qualities 
of compactness, lightness and suitability for lengthy 
storage, which compare well with similar products 
produced overseas. 

The contribution made by the light electrical engi- 
neering industry is not, of course, confined to the 
figures of direct exports given in the Trade Returns ; 
the exp sion in exports of the engineering industry 
as a whole has meant a heavy demand for electrical 
components. In the main, the needs of motor- 





vehicle manufacturers, for example, have been fully 


met. Messrs. Joseph Lucas, Limited, report that 
their factories are now working at levels of output 
which are from 25 per cent. to 50 per cent., and, 
in some cases, 100 per cent. greater than pre-war. 
In order that sales of British vehicles should not be 
jeopardised by lack of electric components replace- 
ments, this company established subsidiary com- 
panies and depots in Canada and Pakistan in 1948, 
strengthened existing ones in Australia, New Zealand 
and Canada, and set up agencies wherever British 
vehicles are used in large numbers. Export sales of 
accessories, batteries and equipment replacements 
are said to be ten times the pre-war figure in value. 

The demand for all types of refrigerating machi- 
nery shows no sign of slackening. Both total output 
and the proportion going for export increased sub- 
stantially over the year. Export targets were fixed 
at 25 per cent. of total output for commercial 
refrigerators, 50 per cent. of output for industrial, 
and 66-6 per cent. for domestic. At the prices 
obtaining at the end of 1948, it was hoped that the 
total value of these exports would be 270,000/. a 
month; this, however, has been substantially 
exceeded. In November, 1948, deliveries for export 
of domestic refrigerators alone were valued at 
358,000/., while the figure for commercial and 
industrial types was 206,000/. 

Exports of light electrical goods by country of 
destination are given in Table IV, herewith. The 


TABLE IV.—United Kingdom Exports of Light Electrical 














Goods, including Wires and Cables. (£1,000.) 

a 1938. | 1947. | 1948. 
Eire .. ‘a a xe 452 2,058 2,845 
British West Africa aS 154 555 1,046 
Union of South Africa -+| 1,961 6,479 10,149 
British East Africa . . ea 95 579 1,138 
India, Pakistan, etc. --| 1,485 | 6,734 7,325 
British Malaya oe ee 394 1,691 1,965 
A hes “8 .-| 2,868 2,560 7,612 
New Zealand. . S- --| 1,156 2,466 3,314 
Sweden “ os ie 179 S| woes a 

Norwa: wie ars ar 154 yw | x 
Netherlands au me Ee 264 1,164 | 1,727 
Belgium ‘ ae ‘ea 135 1,218 1,192 
Portugal ee na xe 73 | 790 1,765 
Turkey $a — oe | 662 1,303 
Egypt. . a . os 158 907 2,067 
Brazil ~ Sa wal 134 896 1,076 
Argentina... oa ey 545 | 1,346 2,797 
Other countries oe | 3,818 | 16,072 | 20,823 
Total .. --| 18,611 {| 49,372 72,692 


principal markets continue to be the Dominions 
and Colonies, but there has been a large increase in 
exports to Latin America and other hard-currency 
countries in 1948. The upward trend of total 
exports may be expected to continue in 1949, 
although there may be some falling off in exports 
of domestic appliances. 

The electric wire and cable industry has had a 
prosperous year in 1948, and manufacturers still 
have considerable arrears of orders from both home 
and overseas. The output of insulated wire and 
cable was 25 per cent. higher in 1948 than in 1947, 
as shown in Table V, below. Several schemes 


TABLE V.—Production of Insulated Electric Wires and 











Cables. (£1,000.) 
—_ | Total. | For Export. 
ell ERE aa a i ale 2 3,332 | 820 
1947 ” - a al 4,659 =| 1,230 
1948—Ist Qr. .. i al 5,376 1,793 
2nd Qr. .. ‘a | 5,505 | 1,967 
3rd Qr. .. ne 5,637 2,048 


od 

| H 
for extending capacity are under way. As port of 
the long-term programme of expansion and develop- 
ment being undertaken by Messrs. Crompton 
Parkinson, Limited, their Derby works are being 
extended by the addition of a new bay which will 
be equipped with the latest cable-making machinery. 
A new factory for Messrs. Richard, Johnson and 
Nephew, Limited, is under construction at Birtley, 
County Durham. Shortages of raw materials still 
hold back output, although supplies are considerably 
easier than in 1947. Some relief has been gained 
by the progress made in the use of aluminium as 
cable sheathing, but the shortage of lead remains 
serious, and this despite the rather generous allo- 
cations to the industry of available lead supplies. 
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received 17,500 tons of lead more than in the 
comparable period in 1947, whereas supplies of 
lead to all trades increased by only 22,000 tons. 
The industry’s lead consumption now accounts for 
about a third of the total consumption in the 
United Kingdom. The labour situation deteriorated 
somewhat during 1948; Table VI, herewith, shows 
a decline of 9,000 in the female labour force, com- 


TABLE VI.—United Kingdom Electric Cable and Apparatus 
Industry : Numbers Employed. (Thousands). 








— Total. | Men. Women. 
1939 June .. <n 195-9 116-4 | 79-5 
1943 June .. ol 291-0 118-8 172-2 
1946 June... “a 244-2 117-4 126-8 
1947 June 276-2 | 143-0 133-2 
1948 June .. ea 271-8 147-6 124-2 
1949 November na 273-6 149-3 124-3 





pensated probably by a rise of 1,700 in the number 
of men employed. 

In 1948, the value of exports of all types of electric 
wires and cables was 60 per cent. greater than in 
1947, averaging 1-93. millions a month (Table VII). 
By the end of the year, the target for these exports, 


TABLE VII.—Unirep KINepom 








mance: 5S. p40 


Manufacturers have had to contend also with import 
quotas and currency difficulties. In 1948, the 
Dominions and Colonies took about two-thirds of 
British exports of wires and cables, while Argentina 
was the largest single foreign market. South Africa, 
the largest market in 1948, may be expected to 
maintain its imports in 1949. While there should 
be no falling off in exports to Australia, the second 
largest market, some considerable reduction may be 
expected during the next few years. QOutpu! of 
underground cable in that country will expind 
from 100,000 miles per annum to 250,000 miles 
when a new factory to be built at Melbourne jg 
complete. The Australian Postal Depirtment 
will then be indepsndent of imported cable. Exports 
of telephone cable to India will probably be main. 
tained in 1949. The approximate value of an order 
for 220 miles of dry cable placed with W. T. Henley’s 
Telegre ph Works Comp ny is 320,000/. This order 
follows upon another of about the same value, 
undertaken for the Turkish Department of Ports 
and Telegraphs. 

Competition from the Ge1man cable industry is 
now reviving. The Suedkabel cable works of 
Mannheim obtained a contract in December, valued 


EXPORTS OF WIRES AND CABLES. 

















| 1938. 1947, 1948, 
Value Value Value 
(£1,000). Tons (£1,000). Tons. (£1,008). 
Sls ———e - ee -_ = _ u _ 
Telegraph and Telephone Cables and 
Wires. 
Submarine it - - - 207 5,053 485 4,389 410 
Other— 
Union of South Africa * és 155 3,794 719 5,974 1,389 
ndia, Pakistan, etc. sa we 53 259 41 831 144 
A * ee 125 829 169 5,432 1,199 
New Zealand ns ee a 86 1,599 229 2,053 317 
Other British countries os awd 123 2,399 403 4,542 917 
Sweden a “ ye wi _— 1,031 167 2,954 512 
raq .. * 2 2 as 5 1,016 124 417 70 
Argentina .. ad ee i 77 1,549 318 3,110 852 
Other foreign countries .. ee 237 5,416 | 908 11,404 2,111 
Total .. os “ 1,068 22,945 3,563 41,106 7,921 
Cable, other than Telegraph or | ~ 
Rubber-insulated «sl. 1,410 20,060 5,108 20,134 5,259 
Insulation other than rubber— 
Union of South Africa ee os 455 6,057 783 12,889 1,891 
India, Pakistan, etc. wd mae 370 4,411 624 9,756 1,493 
Australia .. ae os oe 402 2,275 369 8,415 1,375 
New Zealand ee oe ee 109 1,392 238 2,623 
Other British countries .. = 274 3,811 710 9,687 } 1,655 
Sweden me on ae es — 2,393 440 2,071 427 
Argentina .. pe Pa bie 48 2,990 346 2,221 367 
Other foreign countries .. om 181 10,187 1,555 13,152 2,340 
Total .. he -+ | 3,249 53,576 10,168 80,948 15,296 
76,521 13,731 122,054 23,217 


Grand Total .. a 4,317 





1-95l. millions a month, was comfortably surpassed ; 
in December, the total value of exports was 2-1I. 
millions. High prices (mainly a reflection of high 
base-metal prices) have, however, been a subject 
of complaint among buyers. Exporters, moreover, 
have had their competitive position weakened 
through having to purchase copper at a premium, 
the Ministry of Supply selling price at 140]. a ton 
for electrolytic copper being about 111. above the 
free market rate. The price of lead compares 
more favourably with the free market rate, but 
increased considerably throughout 1948; in Feb- 
ruary, 1948, it was 123]. a ton, as compared with 
901. a ton at the end of 1947. Faced with the 
steady rise in these prices, British manufacturers 
have been forced to offer customers contracts which 
allow for adjustment in prices in the event of rises 
in the price of materials. 

Expansion of generating capacity abroad has 
created a demand for power cables which is still 
not satisfied. For other types of wires, with the 
possible exception of those used in telephone instal- 
lations, competition is becoming increasingly keen. 
Sir Montague Hughman, at the annual general 
meeting of W. T. Henley’s Telegraph Works, 
Limited, in June, 1948, stated that, by the end of 
1947, arrears of orders had been largely overtaken, 
and that the company were beginning to have to 
look for fresh work in its ‘“‘ bread and butter lines.” 
In many countries overseas, more purticularly 
within the British Commonwealth, the development 
of local industries will mean a substantial loss of 
orders to British manufacturers, although most of 





From January to October, 1948, the cable industry 





these plants are controlled by British companies. 








at 500,000 dols., for the Usinas Electricas in 
Montevideo. A large potential demand for cable 
has been indicated by Sir Stanley Angwin, chairman 
of Cable and Wireless, who believes that the time 
is approaching when it may be necessary to exclude 
from the ether those services capable of being 
conducted by other means. This would put an 
increasing proportion of international telegraph 
traffic into cables. The long-distance submarine 
repeaters used in conjunction with the most modern 
types of cable might make it possible to obtain 
upwards of 50 simultaneous channels of communi- 
cation in one cable. 

The co-axial cable, which offers an economic 
solution where dense traffic exists between two 
distant toll centres, is becoming increasingly 
popular. Up to the beginning of February, more 
than 1,500 route miles had been supplied to the 
British Post Office, in addition to large quantities 
supplied under foreign contracts. In this field, 
British manufacturers are probably ahead of over- 
seas rivals. The installation of the special television 
co-axial cable by Standard Telephones and Cables, 
Limited, the first in the world to be designed for 
high-definition transmission, is approaching com- 
pletion. 

One of the most striking cable-laying operations 
of the year was that performed by W. T. Henley’s 
Telegraph Works Company, who supplied two 
continuous lengths of cable for extensions to the 
33-kV supply from Ballylumford power station. 
The cable was required to cross Lough Larne, 
914 yards wide. Steeply shelving beaches and the 
shallowness of the Lough necessitated the use of 
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flat-bottomed craft, which had to transpert the 
cable from Belfast, 35 miles away. 

In the field of research, the work at present being 
undertaken by manufacturers should help to ensure 
the future competitive position of the British 
industry. Much of the research work undertaken 
in past years had to be directed towards problems 
arising from the shortage of raw materials, but the 
improvement in the supply position has made 
possible some re-orientation of effort. Messrs. W. T. 
Henley’s Telegraph Works Company claim to have 
made considerable improvements in the design of 
their super-tension products as a result of the use 
made of their impulse-generating plant, capable of 
developing one million volts. British Insulated 
Callender’s Cables, Limited, are installing a 
2,000,000-volt impulse generator at their Wood-lane 
research laboratories. This, they hope, will have 
considerable influence on the future design of high- 
voltage cables. The same company are now using 
certain recently evolved synthetic insulating ma- 
terials on aircraft cables, with some saving in 
weight ; further research, it is hoped, will extend 
the use of these materials to power-supply cables. 

The industry is to benefit from a new consultative 
service. At the end of 1948, a compiny known as 
British Engineering and Exports Consultants, 
Limited, was formed, which will maintain a fully- 
equipped laboratory at Sowerby Bridge. The firm 
are also contemplating setting up small laboratories 
at clients’ own works. They specialise in the 
mechanical, metallurgical and chemical problems 
associated with wire drawing. Meanwhile, research 
continues to be conducted by the Cable Makers’ 
Association. This body was recently freed from the 
handling of commercial activities by a reorganisation 
under which the constituent sections dealing with 
particular branches of manufacture have become 
autonomous manufacturing associations, affiliated 
to the parent body. The C.M.A. are now to con- 
centrate on research, standardisation, testing and 
registration of their members’ products, industrial 
relationships, education and matters of policy. 

With the prospect of declining demand for many 
types of cables, the question of price becomes of 
vital importance. Whether or not cable makers 
have been exacting an unduly high profit is not 
known, but the possibility of a large reduction is 
most unlikely. It is sometimes urged that stan- 
dardisation might provide the answer. The number 
of British standards relating to wires and cables is 
large in relation to the volume of output—a manu- 
facturer fhay be called upon to produce anything 
from 15,000 to 18,000 standard types. Although 
some headway is being made with standardisation, 
progress is necessarily slow. Moreover, even if a 
substantial reduction in types supplied to the home 
market is achieved, manufacturers will have to 
continue to manufacture to the differing detailed 
specifications required by overseas customers. 

It is very doubtful whether a substantial reduction 


TaBLE VIII.—United Kingdom Purchases of Metals by 
Electric Wire and Cable Industry. (1,000 Tons.) 
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Iron and steel .. wa 48-0 | 42-0 
Brass... _ oe oat 1-3 } 1-3 
Copper .. on as aa 139-3 | 158-8 
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in costs can be achieved unless the prices of non- 
ferrous metals fall, and this is unlikely—at least, in 
the immediate future. The quantity of metals 
purchased by the wire and cable industry in 1946 
is given in the Partial Census of Production for that 
year, published in August, 1948 (Table VIII). 
Allocations of copper have improved considerably 
since 1946. From January to October, 1948, the 
output of high-conductivity products was 179,900 
tons, compared with 161,200 tons and 145,000 tons 
in the corresponding periods for 1947 and 1946, 
tespectively. Deliveries of lead, which in 1946 
were only about half of the 1937 level, have also 
increased considerably. Figures published by the 
Ministry of Supply show that the consumption of 
lead was at an annual rate of 113,000 tons in 1948 
(slightly in excess of the 1937 total), but this is 
well below the level of the potential demand. 
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ELECTRIC AND DIESEL-ELECTRIC 
TRACTION ON THE NETHERLANDS 
RAILWAYS.* 


By H. J. Van LEssen. 


In 1908, the main line connecting Rotterdam with 
The Hague and Scheveningen was converted to electric 
traction. The original intention was to use the 750-volt 
direct-current overhead-line system, but while the work 
was being carried out it was decided that a 10-kV 
25-cycle single-phase overhead-line system would be 
preferable. Owing to the successful financial results 
obtained on this line it was resolved, in 1918, to electrify 
the Amsterdam-Rotterdam section, the 1,500-volt 
direct-current system being chosen for that purpose, 
owing to the greater reliability of the direct-current 
motor at that time and to the fact that with 10-kV 
three-phase distribution it was ible to place the 
substations where they were needed without regard to 
the distance to the nearest feeding points. In 1932, it 
was decided to introduce Diesel-electric traction on 
The Hague-Rotterdam-Utrecht-Arnhem and Amster- 
dam-Utrecht-Eindhoven sections, in order to obtain 
experience with this system. These sections, however, 
were converted to electric traction in 1936, as a result 
of the experience gained with both forms of traction 
and a consideration of the relative operating expenses. 

In 1944, the railway system of the Netherlands was 
systematically pillaged by the Germans, all but seven 
of the 36 substations being entirely stripped and all but 
11 of the 71 rectifiers being removed. Two mobile 
rectifier cars also disap Further, the rolling 
stock was depleted to the extent that only 3,300 passen- 
ger seats out of a total of 48,500 remained. In spite of 
the absence of tools, the Amsterdam-Haarlem section 
was nevertheless restored to service in A » 1945, 
and the Rotterdam-The Hague and Leiden- Hague 
sections in the following month, while the Amsterdam- 
Amersfoort section was re- ed for service in June, 
1946. By April, 1948, 1,400 km. of single track over- 
head line had been restored, while by July of that year 
some 29,000 seats were available. Of the Diesel- 
electric stock only a small part was repairable, but at 
present seven three-car sets and four five-car sets are 
again in service. Further electrification of the lines 
in Limburg and Brabant is being carried out. 

In 1921, it had been decided that the 1,500-volt 
direct-current overhead s was most suitable for 
conditions in the Netherlands. As, however, in 1945 
the almost total renewal of the electrified tracks and 
rolling stock was necessary, the opportunity was taken 
of investigating whether it would be advisable to 
increase the voltage to 3,000. Such a change, how- 
ever, was found to be neither n nor desir- 
able since, owing to the positions of the generating 
and transformer stations in Holland, electricity could 
be supplied to the railway at closely cont guous points. 
Moreover, 3,000-volt motors are heavier, their 
control gear requires more space. It would have been 
necessary also to mount this gear beneath the floor in 
order to provide the maximum space for passenger 
accommodation. Furthermore, the capital and main- 
tenance costs, both of rolling stock and substations, 
would have been high, although the capital cost of 
the 3,000-vclt overhead lines would have been lower. 
Finally, as the location of the substations is determined 
both by the positions of the railway stations and the 
feeding points, it would have been impossible to derive 
the full advantage from the longer distances between 
the substations when the higher voltage was used. 

It was decided that it would be cheaper to obtain 
power from the local supply authorities. As regards 
finance, the price of energy had to be fixed in such a 
way that the railways and the supply authorities both 
benefit from the more economical power production. 
On this point there has been a consistent conflict of 
opinion, as the railways regard the power charges as 
excessive and, although important concessions have 
been made, still more requires to be done in certain 
areas before a reasonable solution is reached. As 
regards rolling stock, up to the present motor-coach 
trains have been used exclusively, but in the near 
future it is intended also to operate trains with electric 
locomotives. 

The power, which is purchased on the three-phase 
system at 10 kV or 25 kV, is converted into direct- 
current in rectifier substations, of which 36 were in 
operation in 1942. These, together with two mobile 
substations, contained an aggregate of 69 rectifiers 
and two motor generators, the total output being 
76,400 kW. Thirteen substations of a type standard- 
ised as the result of experience are now under con- 
struction and will consist of simple brick buildings with 
rectifiers mounted out-of-doors. The volume is 30,637 
cub. ft. and 19,632 cub. ft. for a two- and single- 
rectifier station, respectively, which means 13 cub. ft. 
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per kilowatt installed. The corresponding figure for the 
substations built between 1928 and 1930 is 53 cub. ft., 
and for those built in 1936 18 cub. ft. The rectifiers, 
which are equipped with high vacuum and rotary 
roughing pumps, have a continuous full-load output 
of 800 amperes at 1,500 volts. They are capable of 
withstanding a 50 per cent. overload for two hours, 
with peaks of 4,000 amperes lasting 10 seconds every 
10 minutes. On continuous full load they can with- 
stand two 50-per cent. overload periods every 24 hours, 
assuming these occur at intervals of at least nine hours. 
The output of the transformers is higher than that of 
the rectifiers in order that the voltage drop under load 
may be as low as possible. The actual voltage drop on 
the direct-current side is 4 per cent. at a load of 
1,500 kW. The rectifier cathodes are connected 
through circuit breakers to *bus-bars from which four 
or six feeders go out to the catenary. These feeders 
are protected by 4,000-ampere high-speed circuit- 
breakers which, like the cathode breakers, are mounted 
in cells. Normally the substations are non-attended 
and are remotely controlled from a nearby signal box 
or railway station. The cost of erecting and equipping 
a single-rectifier substation is 241. per kilowatt of direct- 
current output and 18/. for a two-rectifier substation, 
1948 prices being taken as a basis in each case. 

To collect current at a high speed great accuracy in 
the horizontal location of the trolley wire is neces- 
sary. This is obtained by automatically tensioning 
the trolley wire and by employing a special construction 
for the catenary. Automatic tensioning of the trolley 
wire is effected by dividing the overhead line into 
sections of about 1,640 yards and subjecting each wire 
to a tensile load of about 1 ton at the point where 
one section joins the next. The trolley wire is con- 
nected to a catenary with a large amount of sag by 

ers. This has been found to give satisfactory 
results at speeds up to about 125 km. per hour and there 
is every reason to su that a maximum operating 
speed of 140 km. per hour would be possible. As the 
catenary is not stressed automatically, its sag and the 
height of each suspension point changes with the 
temperature. To maintain the trolley wires horizontal 
all points of suspension are made to move equal 
amounts vertically by using an auxiliary ca’ 
which is stretched between two points on the main 
catenary. By accurately determining the length and 
sag of the auxiliary catenary, all points of suspension 
are displaced almost equally as the temperature varies. 
The total copper section per track is 500 sq. mm., of 
which 200 sq. mm. is in the two trolley wires and 
150 sq. mm. in each of the catenaries. 

Originally, the overhead lines for each track were 
sup on independent structures provided with 
brackets outside the track. For this purpose, founda- 
tions 8 ft. to 10 ft. deep were necessary, but this was 
impracticable in places where the track was laid on 
artificially-drained land, owing to settlement. In such 
places, the plate type of foundation has been found 
suitable, provided that those on opposite sides of the 
track are coupled to prevent lateral displacement. 
In the event of settlement, these foundations can be 
easily jacked up and earth rammed beneath them. 
Standard steel sections are generally employed for the 
overhead structures, although reinferced-concrete poles 
have been considered because their upkeep cost is 
low and they represent a considerable saving in 
foreign currency. Since 1939, the cost of the overhead 
lines and return circuits has risen from 9431. 6s. Od. 
to 3,2071. 10s. Od. per kilometre. 

Until now, the Netherlands Railways have used ex- 
clusively motor coach trains of two to ten ccrridor 
coaches. Each motor coach has four motors with a 
total output of 800 h.p. at a one-hour rating, controlled 
by electro-pneumatic switches. All the 1,500-volt appar- 
atus is placed beneath the floor. Rolling stock of this 
type has a maximum speed of 105 km. per hour. In 
1934, the problem of streamlining was considered as it 
was necessary to raise the speed to 125 km. per hour. 
At the same time, automatic coupling was introduced 
to enable combinations of different train sets to be 
effected at a moment’s notice. Several different t: 
of streamline stock have been built, from which it 
appears that conditions are best suited by a two-car 
train on three bogies and a four-car train on six bogies. 

Before the war, 15 per cent. of the Netherlands 
Railway system had been electrified, while roughly 
one-third of the total train-miles were run under electric 
power and half the seat-miles were attributable to 
electric trains. Approximately 6-5 per cent. of the total 
electric power generated in Holland was used by the 
railways for traction purposes. A service of high-speed 
trains, with a maximum speed of 125 km. per hour, was 
maintained. Some 40 Diesel-electric three-car train 
sets were also placed in service in 1934 and 18 five-car 
sets were added in 1938. In that year, Diesel-electric 
trains ran 2,579,886 train-kilometres, but, owing to the 
war and the consequent lack of fuel, their operation had 
to be suspended. In 1947, after the resumption of the 
service, 1,049,376 train-kilometres wererun. As Diesel- 








electric traction affords the opportunity of running 
high-speed trains on non-electrified sections, it may be 
regarded as the forerunner cf electric traction. It 
depends on the traffic density which of these two forms 
of tracticn is financially preferable. The three-car 
Diesel-electric trains are equipped with two 410-h.p. 
engines, placed at the centre, and four traction motors, 
and the five-car train sets with three 650-h.p. super- 
charged engines and six traction motors. 

The question why after the war the Netherlands 
Railways decided to employ electric instead of Diesel- | 
electric traction in modernising their main lines may be 
answered by considering the working and capital costs of 
the two systems. In 1939, the working costs for the 
rolling stock amounted to 4/. 8s. Od. per 100 train- | 
kilometres for electric traction and to 61. 17s. Od. for | 
Diesel-electric traction. The daily cost of upkeep of the 
fixed installations, such as substations, cable network 
and overhead lines, in the same year was 5s. 6d. per 
kilometre of track per day. The capital charges on 
account of the electric rolling stock amounted to 
1l. 19s. Od, per 100 train-kilometres, while the corre- 
sponding charges for the fixed installations were 
lls. 6d. per kilometre a day. In the case of Diesel- 
electric traction, the capital charges on the rolling 
stock amounted to 3l. per 100 train-kilometres. Cor- 
recting these figures for 1948 conditions, the working 
costs for electric traction have increased to 71. 2s. 7d. 
per 100 train-kilometres for the rolling stock and to 
10s. Id. per kilometre of track a day for the fixed 
installations. The capital costs have also increased to 
6l. 8s. 5d. per 100 train-kilometres and to Ils. 6d. per 
kilometre of track a day for the rolling stock and 
fixed installations, respectively. On the other hand, 
the working costs for Diesel-electric trains have risen to 
101. 8s. 2d. and the capital costs to 91. 18s. 7d. per 100 
train-kilometres. From a comparison of the curves 
for total costs, which can be obtained from these 
figures, it appears that these cross each other at a point 
corresponding to a traffic density of about 38 trains 
daily. In other words, at that density the costs of 
the two systems are about equal. As the train fre- 
quencies increase, however, the position of Diesel- 
electric traction becomes more disadvantageous. 
Moreover, the above calculations relate only to a passen- 
ger service to which all the maintenance and capital 
costs of the fixed installations have been charged. 
Once the track has been electrified, however, goods 
trains can also be operated by that means and the 
position with regard to electric traction becomes much 
more favourable. Electric traction is also favoured 
by the fact that electricity in the Netherlands is 
generated from native coal, while fuel for Diesel engines 
must be imported. The maintenance of Diesel-electric 
equipment is also more expensive than that of elec- 
trical equipment, while more skilled labour is required 
for the purpose. The Netherlands Railways have 
therefore decided to employ electric traction for 
modernising their system and this will be introduced 
on all lines where an hourly service with trains of a 
weight corresponding to that used as a basis in the 
preceding calculations will be required. 











MINDEN AQUEDUCT RE-OPENED.—The Minden Aque- 
duct, which carries the Mittelland canal over the River 
Weser, Germany, was re-opened recently. Two main 
arches were demolished during the war, the debris block- 
ing the river. 
by the Royal Engineers, and subsequently German con- 
tractors completed the reconstruction in 22 months. 





Pig IRON AND STEEL PRODUCTION IN THE UNITED 
Kinepom.—The production of steel in this country in 
February was at an annual rate of 16,176,000 tons, 
compared with 15,049,000 tons a year ago. This is the 
highest rate of production ever achieved in any month. 
The output of pig iron was at a rate of 9,422,000 tons a 
year, compared with 9,169,000 tons in February, 1948. 
| 





FORMATION OF PRESTRESSED CONCRETE DEVELOPMENT 
Grovup.—As a result of a meeting convened by the 
Cement and Concrete Association, a Prestressed Concrete 
Development Group has been formed for the purpose of 
promoting the technical development of prestressed con- 
crete in this country and for the pooling of technical 
information. Mr. A. Kirkwood Dodds, M.C., F.S.E., 
M.1.Struct.E., managing director of the Pre-Stressed 
Concrete Company, Limited, has been elected chairman 
of the Group, and an executive committee, comprising 
two engineers, two architects, two contractors, two manu- 
facturers of concrete products and two representatives 
of the Cement and Concrete Association, has been formed. 
This committee will be elected annually. Mr. P. Gooding, 
of the Cement and Concrete Association, 52, Grosvenor- 
gardens, London, 8.W.1, is acting as secretary of the 
Group and applications for membership, or for further 
information concerning the Group’s activities and objec- 
tives, should be addressed to him. 
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demand for experimental and testing equipment con- 


| 1943, 
| build 
THE progress made in all branches of aviation, both 
uring and since the recent war, has given rise to a! pleted. A general view of the completed structure 
|is shown in the photograph reproduced in Fig. 1, 


therefcre, Messrs. de Havilland decided to 
propeller-testing tunnels free from these troubles 
and in July of last year two such tunnels were com- 


siderably more complex than that available hitherto.|on this page. The main work was entrusted to 


, This condition applies to the development of propellers| Messrs. Heenan and Froude, Limited, Worcester, 


as much as to any other branch for, although the; who had previously carried out much experimental 


advent of the gas turbine solved many problems, it 
brought in its train many new ones and it should be 


borne in mind that it is proposed to fit gas turbine- 


| work on Venturi test tunnels and who were responsible 


for the design, manufacture and installation of the 
test equipment apart from the buildings, soundproofing, 


propeller engines to the majority of the new transport engine-cooling fan and the Venturi tubes. 


machines being developed. There is little doubt, there- 


civil aircraft for some considerable time to come. A 


Basically, the structure comprises a central rectangu- 


| fore, that propellers will form an integral part of most | lar block, which accommodates the control rooms, 
| workshops, etc., flanked by two tunnels of hexagonal 


propeller test bed of advanced design was installed by| form 215 ft. in length and 29 ft. wide across the flats 


Messrs. de Havilland at their Hatfield premises in 1938, 
and although it sufficed at that time, it soon became 


of the hexagon. The two tunnels are constructed of 
reinforced concrete, the central portions being provided 


apparent that, to obtain the best results, the engine| with aluminium prefabricated Venturi tubes. An 


and propeller should be tested and developed as an 
integral unit, the ability to rotate the propeller alone 
no longer being sufficient. As a consequence, the 
tendency was to carry out propeller testing on the test 
beds of the engine manufacturers. Apart from the 
obvious geographical inconvenience, this arrangement 
had other disadvantages, such as the lack of uniformity 
at the various factories with regard to mountings, 
recording equipment, tunnel sizes, etc. Furthermore, 
the various test beds were not designed primarily for 
propeller testing, and, as a result, excessive stresses 
were set up in the propeller blades, partly through 
unsatisfactory airflow and the proximity of irregularly 
shaped structures and partly from vibrations not 
experienced in an actual aircraft installation. For 
reasons such as these, the important work of vibra- 








| illustrated description of the methods employed in the 


construction of the concrete portions of the tunnels 


| was published in ENGINEERING, vol. 165, page 332 
| (1948), and it will be unnecessary, therefore, to repeat 


those details here. It may be noted, however, that in 
order to fit the Venturi tubes into position with the 
minimum of adjustment on the site, the tunnels had to 
be constructed to an unusual degree of accuracy. In 
order to obtain this, the contractors made a large jig 
equal to the inside dimensions of the tunnels. The jig 
was arranged on rails laid along the tunnel floor and 
was brought into the correct position for succeeding 
sections of the tunnel by raising it on jacks. This 
method proved entirely successful and final measure- 
ments showed that the internal tolerance had been kept 
to within +} in.; the Venturi tubes therefore were 
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erected without modification. The engine and pro- 
peller assemblies to be tested are mounted on dummy 
wings which extend across the throats of the Venturi 
tubes, one wing having been designed for use with 
radial engines and the other with in-line engines. 
One of the dummy wings can be seen in Fig. 2, 
opposite, which shows a propeller and engine assembly 
installed ready for testing, while Fig. 3, on this page, 
shows a transverse section through the tunnel and 
associated wing, control room, etc., for testing air- 
cooled engines. With the exception of the* cooling 
fan, however, and minor differences between the 
engine mountings, the two tunnels and wings are 
similar and Fig. 3, therefore, will serve to illustrate 
both. Before testing, the engines are made up to 
approximately power-plant “‘ A’ standard. The engine 
bearers are then bolted to a heavy circular steel bulk- 
head, which forms the front face of a drum, the rear 
face of the drum, in turn, being bolted to the engine 
mounting structure incorporated in the dummy wing. 
The mounting structure comprises a fabricated-steel 
nacelle in the form of a tubular beam, which tapers 
towards the rear in order to conform with the wing 
section ; #ne of the beams can be seen in Fig. 6, on 
page 252, which is an interior view of one of the 
wings. The nacelle is suspended from the spars of the 
wing structure by short levers, which form a parallel- 
link motion and allow relative movement between the 
wing and nacelle in an axial direction, and by trunnion 
bearings which allow movement in a circumferential 
direction. These movements are restrained by pistons, 
known as transmitter pistons, which work in hydraulic 
cylinders and form part of the torque- and thrust- 
measuring systems, separate systems being provided 
for measuring these two quantities. Each system 
comprises the transmitter cylinders and pistons men- 
tioned already, a small positive gear-type oil pump, 
an oil sump, and a receiver piston, together with the 
associated cylinder ; one of the pumps can be seen in 
Fig. 7, on page 252. When an engine is running, the 
differential pressure set up between the two sides of, 
say, the torque-transmitter piston, is adjusted auto- 
matically by the pump, which works in conjunction 
with ports formed in the cylinder, the pressure generated 
always being sufficient to balance the force applied 
to the piston rod due to torque reaction. The receiver 
cylinders are connected by piping to the transmitter 
cylinders so that the receiver piston is subjected to the 
same differential pressure as that obtaining in the 
transmitter cylinder. The receiver piston rod, how- 
ever, is extended at both ends and the bulk of the 
force imposed on the piston is measured by balance 
weights which act against one end of the piston through 
a suitable linkage, and by a Vernier balance connected 
to the other end of the piston, which gives the finer 
readings. The receivers for torque and thrust measure- 
ment, together with the weights and balances, are 
situated in the control room, thus enabling readings to 
be taken from a distance. 

The engine and propeller assemblies are pre for 
testing in a large workshop which extends to the full 
width and depth of the central block. The ines 
and associated material are moved by five-ton travelling 
hoists, which operate either on overhead rails fitted to 
the a 6 ma structure of the workshop or can 
be switched by a set of points on to curved rails which 
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lead into the tunnels and subsequently down the 
length of the tunnel to the dummy wings. The en- 
trances between the workshop and the tunnels are 
closed first by a roller shutter, which conforms to the 
shape of the tunnel, and then by soundproof sliding 
doors 6 in. thick, which are built into the sides of 
the workshop; one of the roller shutters can be 
seen in the right background of Fig. 4, on page 252. 
Sections of the overhead rails are arranged so that they 
can be turned through 90 deg. to allow the doors to 
close, while the lower channels in which the doors 
slide are covered automatically by floor plates when 
the doors are opened. The tunnel sections of the 
overhead rails pass between the Venturis and the roofs 
of the concrete structures, longitudinal doors arranged 
in the Venturis being lowered when the hoists are in 
use; some of these doors can be seen in Fig. 5, on 
252. 

In order to simplify the installation of the engines, 
two lifts have been provided in each tunnel, one of 
which is used for engine and propeller installation and 
the other for the fitting of strain-gauge equipment. 
The lifts are operated by compressed air and, like the 
wings, etc., were a by Messrs. Heenan and 
Froude, Limited. Each unit consists of a ram, to the 
top of which a large working platform is fitted, the 
stroke of the ram being arranged so that the platform 
can be brought up to the height of the engine. When 
not in use, the lifts retract below the surface of the 
Venturi and are covered by electrically-operated doors 
shaped to the contour of the tube. A set of lifts 
for one tunnel can be seen in Fig. 5, on page 252, 
which shows an engine and propeller assembly being 
prepared for testing. 

Externally assisted cooling is employed for both 
liquid- and air-cooled engines, the coolant from the 
former passing to a series of Serck heat exchangers, 
the water from the heat exchangers, in turn, being 
cooled by a Heenan and Froude forced-draught cooling 
tower. For air-cooled engines, the engine cowling is 
arranged so that the air, instead of being exhausted 
into the tunnel after ing the cylinder banks, is 
drawn by a centrifugal fan into a duct incorporated 
in the wing. The fan, which has a displacement of 
83,500 cub. ft. per minute, is driven by a 375-h.p. 
electric motor, and, as will be seen from Fig. 3, the 
fan and its driving motor are located in separate rooms 
at the opposite side of the tunnel to the control rooms. 
After passing through the fan, the air is discharged 
through suitable ducting into the down-stream end of 
the tunnel. The engine-lubricating system comprises 
three tanks located in a room next to the control 
room, namely, the heating and measurement tank, 
the rate of flow tank and the replenishment tank ; 
while housed in a room underneath the control room 
is a motor-driven pump, stor: and drain tanks, 
filters, a purifier, and a set of tubular coolers. Prior 
to running an engine, a series of electric heaters in 
the oil-heating and measurement tank is switched on 
and the warm oil is circulated by the pump throughout 
the system, while the engine is primed by a 
hand pump. When the engine is running, the oil 
circulates from the measuring tank through filters to 
the engine and returns through further filters and the 
coolers to the rate of flow and oil-measuring tanks, 
the consumption being measured by a Telegage fitted 
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to the measuring tank. The rate of flow is measured 
by diverting the oil from the rate-of-flow tank to the 
measuring tank and the time taken either for a given 
rise in the rate-of-flow tank or a fall in the measuring 
tank. The temperature of the oil is regulated by 
varying the quantity flowing through the coolers, 
by-pass valves situated on the control desk being 
provided for this purpose. The circulating water for 
the oil coolers is obtained from the forced-draught 
cooler which serves the coolant heat exchangers. 

The fuel installation comprises four 5,000-gallon 
underground bulk-storage tanks, together with a pump 
house equipped with five Wayne centrifugal pumps. 
Petrol of the required octane rating can be selected 
and pumped to four 100-gallon header tanks situated 
in compartments on the roof of the central building. 
The header tanks are fitted with dumping valves so 
that, when necessary, the fuel can be returned rapidly 
to the underground bulk-storage tanks. The fuel 
flows by gravity from the header tanks through a 
filtration plant to cocks located in the control rooms 
and then to the engines. 

Particular attention has been paid during the design 
of the plant to the suppression of vibration and reduc- 
tion of noise. The complete building is divided into 
ten separate isolated from each other either by 
cork, mechanical felt or air gaps; furthermore, the 
supports for the test wings are arranged on separate 
foundations. The splitter-panel assemblies fitted to 
both ends of each tunnel are built up from individual 
panels of sandwich construction comprising two sheets 
of perforated metal containing a core of sound-absorb- 
ing material. The els are arranged so that the 
sound waves are deflected round a series of corners 
until sufficiently dissipated, the system being ble 
of a maximum attenuation of 77 decibels. The multiple 
doors which separate the tunnels from the central 
building are sufficient to prevent undue noise in the 
working areas while the control-room observation 
windows comprise a series of glass panels separated by 
air spaces, the walls of which are lined with sound- 
absorbing material. The panes adjacent the control 
rooms are of the curved non-reflecting type in order to 
give clear vision; the second and third panes are of 
armoured glass of different thicknesses to prevent 
vibration at the same frequency, while the fourth pane 
is merely a series of curved sections set into the sur- 
face of the Venturi. One of the observation windows 
can be seen on the right in Fig. 4, on page 252. 

Many safety devices have been incorporated in the 
design. For example, if any one of the tunnel access 
doors is opened when an engine is running, the ignition 
system is earthed automatically ; obviously, so long 
as an access door remains open, it will be impossible 
to start the engine. One door, however, is excluded 
from this arrangement so as to allow access to the 
engines during slow ing. There is, of course, 
always the possibility of pockets of inflammable os 
being formed in an installation of this type , in 
order to reduce this risk to a minimum, the air spaces 


small| between the Venturis and the concrete walls are 


scavenged continuously by an extraction fan. As a 
further safeguard against fire, the switchgear for the 
lift doors is of flameproof construction, while the 
motors are outside the tunnel walls ; further- 


more, the bolts for securing. the doors are operated 
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pneumatically, thereby pene one the danger of sparking. 

The central building is protected against fire by the 

provision of a Kidde cou autaannle fire-extinguishing 
m. 

The control rooms are spacious and well arranged, 
the floors being laid with cork parquet and the lighting 
provided by fluorescent tubes. The main instrument 
panels contain, in addition to the usual engine instru- 
ments and controls, the torque and thrust meters 
previously referred to, a bank of warning lights which 
indicate the state of the various systems and doors, and 
a signalling platform. Electric engine-speed indicators 
are provided and these are supplemented by mechanical 
drives for Hasler tachometers. Engine temperatures 
are measured by Negretti and Zambra multipoint 
indicator pyrometers having copper-constantan thermo- 
couples, a 24-point rotary switch being provided so 
that successive readings can be taken by the indicator. 
The recording equipment for the propeller strain 
gauges, however, is not located in the control rooms, 
one of the firm’s mobile recording vans being employed 
for these duties. The van is parked in the central 
workshop, and the operators communicate with the 
control rooms through a permanent telephone system. 

The test beds will be concerned mainly with vibra- 
tion, strain gauge, torque and thrust analyses. The 
tunnels are capable of testing propellers absorbing 
up to 6,000 h.p. and having diameters up to 20 ft., 
but provision has been made in the design for the 
installation of propeller turbines of even higher powers ; 
ratings of 10,000 h.p. are visualised as the eventual 
limit. Testing at the engine-manufacturer’s works will 
not be supplanted entirely, however, as it is not always 
possible to allocate a prototype of a new engine for an 
experimental programme held away from the parent 
firm. In such cases the engines will be tested at the 
manufacturer’s works and the recording vans used for 


strain-gauge analysis. 





CONTRACTS. 


ASSOCIATED BRITISH OIL ENGINES, LIMITED, Duke’s- 
court, 32, Duke-street, St. James’s, London, S.W.1, have 
received an order from the States of Guernsey Electricity 
Department for a Mirrlees “‘HFAS 8” eight-cylinder 
turbo-charged Diesel engine, rated at 1,170 brake horse- 
power, at 333 r.p.m., coupled to an E.C.C. 915-kW 
6-6-kV alternator to be installed in St. Sampson’s power 
station. This set will replace a Mirrlees 200-kW set 
built in 1915, which is now becoming obsolescent. In 
addition, the Guernsey Electricity Department have an 
order with the ENGLISH ELECTRIC CoMPANY, LIMITED, 
for three “ 6 Q ” 1,050-kW sets. 

THE DECCA NAVIGATOR COMPANY, LIMITED, 1 to 3, Brix- 
ton-road, London, S.W.9, have received a contract from 
The Bahrein Petroleum Company, Limited, represented 
in England by United Overseas Petroleum Company, 
Limited, 56, Kingsway, London, W.C.2, for the supply of 
a chain of three transportable Decca radio transmitting 
stations. The chain is to consist of a master and two 
slave stations havirg a range of up to about 200 miles. 
It is to be used for survey purposes in the search 
for oil beneath the sea bed of the Persian Gulf, and will 
provide the navigators of survey launches with accurate 
position fixes. 





LAUNCHES AND TRIAL TRIPS. 


S.S. ‘*‘ SCHIEDYK.”—Single-screw refrigerated and 
general cargo vessel, carrying 12 passengers, built and 
engined by Messrs. Harland and Wolff, Limited, Belfast, 
for the New York/Java service of the Holland-America 
Line, Rotterdam. Second vessel of an order for two. 
Main dimensions: 495 ft. by 65 ft. 6 in. by 41 ft. 6 in. ; 
gross tonnage, about 10,100. Parsons triple-expansion 
double-reduction geared turbines of 10,500 s.h.p. Trial 
trip, February 1 and 2. 

M.S. “‘ WaRLA.”—Single-screw general cargo vessel 
built by the Burntisland Shipbuilding Company, Limited, 
Burntisland, Fife, for the British India Steam Navigation 
Company, Limited, London, E.C.3. Second vessel of an 
order for two. Main dimensions : 350 ft. (between perpen- 
diculars) by 49 ft. 9 in. by 25 ft.; deadweight capacity, 
5,530 tons on a draught of 22 ft. 6 in. Three-cylinder 
opposed-piston Barclay Curle-Doxford Diesel engine, of 
1,780 b.h.p., supplied by Messrs. Barclay, Curle and 
Company, Limited, Glasgow. Service speed, 11 knots. 
Trial trip, February 26. 

8.S. “ AMaKuRA.”’—Single-screw cargo vessel, carrying 
12 passengers, built and engined by Messrs. Smith’s Dock 
Company, Limited, South Bank-on-Tees, for Messrs. 
Booker Brothers, McConnell and Company, Limited, 
Liverpool. Main dimensions: 325 ft. (between perpen- 
diculars) by 47 ft. by 28 ft. 10 in. to shelter deck ; dead- 
weight capacity, 3,800 tons on a draught of 20 ft. Triple- 
expansion engine developing 1,700 ih.p. and two oil- 
burning cylindrical boilers. Service speed, about 
11 knots. Launch, March 2. 








BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, at 
the price quoted at the end of each paragraph. 


Gear-Hobbing Machines.—The primary object of 
a@ new specification, B.S. No. 1498, is to establish 
standards of accuracy for gear-hobbing machines for 
the production of high-grade gears for turbines and 
similar drives. The specification relates to gear and 
pinion hobbing machines having a worm-driven table 
or chuck, with or without creep gear. Machines in 
which the table is driven by means other than a worm 
must comply with the requirements of the specification 
so far as they are applicable. Two grades of accuracy 
are = onpeee The requirements for grade A are 
applicable to machines for producing relatively heavily 
loaded gears with high pitch-line velocity, such as gears 
used for naval service. This grade, it is stated, repre- 
sents the best which it is considered that industry can 
achieve at present and within the present scope of 
measuring technique. The requirements for grade B 
represent a high quality of normal production and are 
intended to relate to machines for producing gears 

ing under normal loading and pitch-line velocities. 
The specification is divided into a number of sections 
dealing with such matters as general requirements ; 
materials, design and general construction ; inspection 
and gauging during construction; feed screws; hob 
saddle motion and hob spindle; main indexing worm 
and worm assembly; table motion; intermediate 
gears; and tests on machines after erection. {Price 
2s., postage included.] 

Agricultural Tractor Details —A new specification, 
B.S. No. 1495, covers agricultural tractor details, 
namely drawbar, power take-off, and belt pulley, 
primarily, though not entirely, to enable any type of 
tractor to be hitched to any type of implement without 
difficulty. It is, of course, appreciated that it will 
not be possible for all manufacturers of trailers and 
implements to comply with the requirements immedi- 
ately, but the committee responsible hope that they 
will do so as rapidly as it becomes possible for them to 
alter their designs. The specification provides for the 
relative location of power take-off and drawbar hitch 
point, and lays down exact details of the shaft and 
splines to be used. It also contains dimensional 
details of the power take-off master guard, and 
specifies, moreover, the belt speed and the pulley width. 
[Price 2s., postage included. ] 





BOOKS RECEIVED. 


The Ohio State University. The Engineering Experiment 
Station. Bulletin No. 134. Proceedings of the Ohio 
Highway Engineering Conference, Held at the Ohio State 
University, Columbus, Ohio, March 23 to 25,1948. The 
Director, The Engineering Experiment Station, The 
Ohio State University, Columbus 10, Ohio, U.S.A. 
[Price 1 dol.] 

The British Electrical and Allied Industries Research 
Association. Technical Reports. No. D/T40. Syn- 
thetic Mica. Report on the Process Developed in Germany 
by the Siemens Concern. [Price 12s. net.] No. L/T203. 
Dielectric Constant and Polarisation in Ionic Crystals. 
By B. Sziceti. [Price 6s. net.) No. Z/T73. Short 
Time Phenomena in the Iron Welding Arc. Metal 
Bridging and Short Circuiting of the Arc. By Dr. L. H. 
ORTON and J. C. NEEDHAM. [Price 9s. net.] Offices 
of the Association, 15, Savoy-street, Strand, London, 
W.C.2. 

Drilling and Surfacing Practice. Drilling, Reaming, Tap- 
ping, Planing, Shaping, Slotting, Milling and Broaching. 
By FRED H. COLVIN and FRANK A. STANLEY. Third 
edition. McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
5 dols.] McGraw-Hill Publishing Company, Limited, 
Aldwych House, Aldwych, London, W.C.2. [Price 
30s8.] 

Principles of Servomechanisms. Dynamics and Synthesis 
of Closed-Loop Control Systems. By PROFESSOR 
GoRDON S. BROWN and PROFESSOR DONALD P. CampP- 
BELL. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 5 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 30s. net.] 

Engineering Tolerances. A Study of Tolerances, Limits 
and Fits for Enginesring Purposes, with Full Tables of 
All Recognised and Published Tolerance Systems. By 
H. G. Conway. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. [Price 30s. 
net.] 

Hardfacing by Welding. By M. RipprmovueH. Published 
by The Louis Cassier Company, Limited, and dis- 
tributed by Iliffe and Sons, Limited, Dorset House, 
Stamford-street, London, 8.E.1. [Price 8s. 6d. net.] 
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PERSONAL. 


Str ROBERT SINCLAIR, K.C.B., K.B.E., deputy presi- 
dent of the Federation of British Industries, 21, Tothill- 
street, London, S.W.1, has been nominated President by 
the General Council of the Federation. 


Mr. NORMAN ANDERSON, who joined Sir George God- 
frey and Partners Limited, Hampton-road, Hanworth, 
Middlesex, in September, 1946, and has hitherto been 
chief designer, has been appointed chief engineer to the 
company as from March 1. 


LIEUT.-COLONEL W. FRENCH, C.B.E., D.S.O., M.C., 
superintendent, Department of Technology, City and 
Guilds of London Institute, 31, Brechin-place, London, 
S8.W.7, is retiring this year, and MAJOR-GENERAL Cyr. 
Lioyp, C.B., C.B.E., T.D., F.Inst.P., who has been 
Director of Army Education since 1945, is relinquishing 
this post to succeed Lt.-Col. French as administrative 
director of the Department, as from October 1. 


MaJor HEREWARD DE HAVILLAND, D.S.O., is joining 
the board of Airspeed Limited, Christchurch Aerodrome, 
Hampshire, and he and Mr. J. rey are appointed 
joint managing directors. Mr. A. S. BUTLER is relin- 
quishing the chairmanship of the pdm on account 
of the widening field of his interests, and Mr. W. E. 
NIxon, managing director of the parent de Havilland 
Company, is to be elected chairman. 


Mr, ConRAD GRIBBLE, O.B.E., M.I.C.E., formerly 
deputy chief civil engineer of the Southern Railway. 
has been engaged by the Crown Agents for the 
Colonies, 4, Millbank, London, S.W.1, to conduct an 
investigation desired by the Government of Ceylon, 
into the streugth of the railway bridges in the 
Island. 


Mr. F. Scopes, managing director of the Stanton 
Ironworks Company, Limited, near Nottingham, has 
been appointed chairman of the British Coking Industry 
Association, 11-12, Pall Mall, London, S.W.1. 


COMMANDER (E) J. H. DEANE, M.I.N.A., R.N. (ret.), 
formerly with the Royal Indian Navy, has been appointed 
chairman of the United Kingdom Reparations, Restitu- 
tion, and Restoration Delegation in Tokyo, Japan. 


Mr. G. R. McIntosu, of the Aberdeen Town Council, 
and deputy chairman of the Consultative Council for 
the North of Scotland District appointed under the 
Electricity Act, 1947, has been made a member of the 
North of Scotland Hydro-Electric Board in place of the 
late Lorp Provost PowRig, of Dundee. 


Mr. J. C. Groocock, chief engineer of Messrs. Sulzer 
Brothers (London) Limited, 31, Bedford-square, London, 
W.C.1, has been elected a director. 


PROFESSOR KARL TERZAGHI, who is Professor of the 
Practice of Civil Engineering at the University of Har- 
vard, has had conferred upon him the honorary degree 
of D.Sc. by the Senate of the University of Dublin. 


Mr. J. ROLLINSON, Assoc.I.E.E., has joined Messrs. 
Crompton Parkinson Limited as colliery sales engineer 
covering the North-Western and East-Midlands Division 
of the National Coal Board. 


The London office of BROCKHOUSE ENGINEERING 
(SOUTHPORT) LIMITED, Southport, at present at Morley 
Hall, 25-26, St. George-street, W.1, will shortly be 
transferred to 25, Hanover-square, W.1. 


Messrs. CANTIE SwITCHES LIMITED, Bromborough, 
Cheshire, have removed their London office to Alliance 
House, 12, Caxton-street, London, S.W.1. (Telephone: 
WHitehall 9904.) 

Messrs. COMMERCIAL STRUCTURES, LIMITED, Staffa- 
road, London, E.10, announce that, as fiom March 21, 
they will be known as CHAMBERLAIN INDUSTRIES 
LIMITED, with the same address (Telephone LE Ytonstone 
3678). The board remains as before, namely, Mr. A. G. 
CHAMBERLAIN (chairman), Mr. W. E. CHAMBERLAIN 
(managing director), Mr. L. F. CHAMBERLAIN, MR. D. W. 
CHAMBERLAIN and Mr. C. W. FULKER. 


The name of Messrs. P. R. JACKSON AND COMPANY, 
LIMITED, Hampson-street, Salford, has been changed 
to DAVID BROWN-JACKSON LIMITED. It is also an- 
nounced that substantial developments of this associate 
company of MESSRS. DAVID BROWN AND Sons (HUDDERS- 
FIELD), LiMiTED, Huddersfield, are now nearing com- 
pletion. 


Messrs. COsTAIN-JOHN BROWN, LIMITED, general 
engineering contractors, have removed their office to 
73, South Audley-street, London, W.1. (Telephone : 
GROsvenor 4181.) 


Messrs. B. DINNEN AND ComMPANy, 78, Osnaburgh- 
street, London, N.W.1, have been appointed sole agents 
in the United Kingdom for Messrs. 8. A. ATELIERS DE 
Bovucnout ET THIRION R&UNIS, manufacturers of gal- 
vanised products and industrial sheet work, 249 and 253 
Chaussée de Velurgat, Brussels, Belgium. 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 


Scottish Steel.—The efforts made by all concerned in 
the steel-making trade during February were rewarded 
by a record rate of production equivalent to 2,539,700 
tons per annum, which compared with a rate of 1,691,600 
tons perannium in January and 2,310,300 tons per annum 
in February, 1948. The previous best performance—an 
annual rate of 2,480,400 tons per annum—was set up in 
November last year. A decline in pig-iron production 
during February to an annual rate of 661,900 tons in 
comparison with 694,400 tons per annum in the preceding 
month, was affected by the withdrawal of one of Messrs. 
Colvilles’ furnaces for relining. The 1948 February 
production was at a rate of 744,800 tons per annum. 
The high ingot output, of course, was made possible only 
because of the maintenance of raw-material suppuiies, 
and despite the decline in pig-iron availability the charges 
for the melting furnaces were quite satisfactory as a 
result of good scrap deliveries. Despite the high level 
of ingot ouputs there is no app t slackening in the 
demands upon steelmakers and re-rollers. Export 
allocations for Period 2 are expected to be slightly higher 
than those granted for the first quarter, with Canada 
receiving special attention in view of the emphasis placed 
by the Government on the desirability of expanding 
exports to that Dominion. One Scottish steelworks 
which changed over from coal to oil, after the fuel crisis 
two years ago, has now re-converted two of its furnaces 
back to coal burning, and intends to deal similarly with 
the third when it becomes due for relining. Fortunately, 
this particular firm had retained its producer-gas plant. 

Scottish Coal.—Individual performances in the mines 
remain steady, but the aggregate output has failed to 
reach the target. A sharp drop in the weekly figure at 
the beginning of the month was largely due to an unofficial 
stoppage at Polkemmet Colliery, Lanarkshire, as well as 
to the usual fortnightly fluctuation in Fife production 
caused by the alternate five- and six-day week in opera- 
tion there. The strike was followed by a partial stoppage 
at Kinneil Colliery last week, and as both produce coking 
coals the supply position at the coke-ovens has been 
correspondingly worse; sufficient fuel for carbonising 
purposes, however, is being maintained. Gasworks have 
been slightly affected for the same reason, but to these 
also deliveries are adequate for present needs. Domestic 
users and the railways are receiving quantities according 
to programme. A sharp increase in most domestic con- 
sumers’ accounts for electricity for the winter quarter, 
owing to a surcharge and higher tariffs, has coincided 
with a notable decline in coal dispatches to a number of 
power stations. Industrial fuel, however, shows no 
surplus over requirements. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—The production of steel has improved 
a little as a result of better supplies of gas, but some 
departments have been hampered by increasing absen- 
teeism due to sickness. Supplies of raw materials are 
fairly satisfactory, a steady improvement being recorded 
in the supply of iron and steel scrap. Manufacturers are 
carrying out numerous schemes of re-organisation and 
re-equipment as speedily as possible, but are perturbed 
by the high costs of new plant estimated to be about 
240 per cent. of the 1938 figure. An order has been 
received by Messrs. Hadfields Limited for six dryers 
for the drying of board. They are to be manufactured 
under licence from the Lukens Steel Company. The 
dryers are to be used with steam pressures up to 150 Ib. 
per square inch, compared with 20 to 35 lb. per square 
inch in the case of the cast-iron dryers hitherto used in 
this country. Messrs. Thos. Firth and John Brown, 
Limited, have dispatched to Copenhagen the first of 
three 57-ton high-pressure boiler drums for the municipal 
lighting service of that city. Steel from three furnaces 
was needed to make the 200-ton ingot from which the 
first drum of the order was forged. Slowly some improve- 
ment is being made in the delivery of high-carbon steel 
sheets and bars to numerous Sheffield industries which 
for a fairly long time have been short of supplies. This 
is permitting increased production in numerous shops, 
including those of agricultural-steel firms who are heavily 
booked for agricultural machine parts. 


South Yorkshire Coal Trade.—Wintry weather has 
impeded operations at opencast sites and reduced the 
supply of opencast coal needed to supplement deep-mined 
coal for industrial uses and electric power stations. 
Outputs of deep-mined coal have been fairly satisfactory, 
having regard to involuntary absenteeism. Complaint; 
have been made of the inadequate allocations of house 
coal and the poor quality of some of it, but the Ministry 
have sanctioned fuller allocations and have promised an 
improvement in quality. Coking coal is in very strong 
request, and more gas coal is needed for producer plants. 
Export business continues on a good scale, including 
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NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—The re-organisation of the 
South Wales Coalfield which the Divisional Coal Board 
has in hand will result in a reduction from 300 pits in 
the area to about 60 large undertakings, Mr. D. D. 
Evans, chief administrative officer of the South Wales 
Area Council of the National Union of Mineworkers, 
stated at a meeting last week. These undertakings 
would be highly mechanised and would achieve a much 
better output at a figure which would enable the district 
to compete successfully in world markets. They would 
be able to afford the best facilities for exploiting the 
vast reserves of coal, and working conditions would be 
greatly improved. There would be a reduction in the 
number of non-productive employees, although the 
demand for able-bodied men would be larger. South 
Wales pits were now producing between 500,000 and 
560,000 tons a week, which worked out at 46 cwt. per 
yard per shift. Some pits with modern methods were 
producing as much as three or four tons per yard per shift. 
Trading conditions on the steam-coal market have 
remained extremely difficult throughout the past week. 
The production at the mines has been steadily maintained, 
but the acute shortage of supplies was still in evidence 
and again adversely affected new business. Operators 
previously had enough business in hand to ensure the 
lifting of almost the whole of the potential outputs 
over the next month or so. Home requirements were 
very heavy and there was no indication of the demand 
from this source diminishing. As a result, although 
shipments under standing allocations are proceeding 
steadily, there is little likelihood of any further expansion 
in the export trade for some time to come. Activity is 
centred chiefly in the Portuguese, French, Italian and 
Egyptian trades. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates was active, 
and, as home users were receiving their allocations for 
Period 2, a substantial volume of business was trans- 
acted. The export market, on the other hand, was very 
quiet and only a limited quantity of tin-plates was sold. 











NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

General Situation.—The demand for iron and steel] is 
still much greater than producers can meet but any 
enlargement of the present very heavy aggregate tonnage 
output would be very difficult to bring about. Raw 
materials are wanted in considerably larger quantities 
than are reaching consuming plants. Rather better 
supplies of Cleveland ironstone are coming forward, but 
works could absorb immediately larger parcels than they 
are now receiving; imports of foreign iron ore have 
been on a disappointing scale recently. Fuel deliveries, 
on the whole, are up to expectations, but the demand for 
more coke for the blast furnaces continues. Pig-iron 
production is still far from adequate for current needs 
and any early improvement in the situation is unlikely. 
The position with regard to scrap, however, is more 
satisfactory than for a long time. The maintenance of 
substantial deliveries has provided tonnages for foundries 
and steelworks that cover current requirements and 
enable some increase of stocks to be made. Manufac- 
turers of finished products are busily engaged and very 
extensively sold. The demand for steel is insatiable. 
The termination or reduction of subsidy payments by 
the Ministry of Supply will, doubtless, be followed by 
a rise in prices. Dearer steel will, of course, have wide- 
spread repercussions, but the industry is not likely to 
contest an adjustment of values which will absorb the 
cost of raw materials. 

Foundry and Basic Iron.—The scarcity of ordinary 
foundry pig iron continues to hamper operations at the 
plants turning out light castings and other commodities 
that are in great demand for export. Local production 
ceased some time ago and there seems to be no likelihood 
of a resumption of the make on Tees-side. North-East 
Coast users are thus dependent on deliveries from other 
producing centres and are drawing the bulk of their 
supplies from the Midlands. Basic-iron makers are still 
retaining the whole of their output for their current needs. 

Hematite, Low-Phosphorus and Refined Iron.—The 
make of East-Coast hematite is inadequate for the actual 
requirements of customers of long standing, and the 
distributable tonnage is rapidly taken up. Outputs of 
low- and medium-phosphorus grades of iron are not 
equal to the demand and refined-iron manufacturers can 
readily dispose of their products. 

Manufactured Iron and Steel.—The works manufac- 
turing semi-finished and finished iron are steadily 
occupied and bookings and inquiries are sufficient to 
ensure the continued activity of the plants beyond the 
second quarter of the year. The heavy commitments of 











steam and gas coal and some coke. 





steel producers prohibit the acceptance of new orders, 
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NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—Monday , 
March 21, 5.30 p.m., Victoria-embankment, W.C.?2. 
Discussion on ‘“ Centralised Control and Indication in 
Power Stations.” Mersey Centre: Monday, March 21, 
6.30 p.m., Royal Institution, Colquitt-street, Liverpool. 
** Behaviour of High-Voltage Solid-Type Cable Access- 
ories in Service,” by Mr. C. J. Armstrong and Mr. C. T. W. 
Sutton. Measurements Section: Tuesday, March 22, 
5.30 p.m., Victoria-embankment, W.C.2. Discussion on 
“Magnetic Amplifiers,” opened by Mr. F. H. Belsey. 
North-Western Centre: Tuesday, March 22, 7 p.m., 
Engineers’ Club, Manchester. ‘‘ Early Metal Trades and 
the Beginnings of Mechanical Engineering in Lancashire,”’ 
by Dr. G. H. Tupling. Wednesday, March 23, 6.45 p.m., 
Storey Institute Technical College, Lancaster. ‘‘ Sub- 
Stations and Yorkshire Practice,” by Mr. L. H. Fuller 
and Mr. C. R. Clarke. Scottish Centre: Tuesday, March 
22, 7 p.m., Royal Technical College, Glasgow. ‘‘ Economical 
Utilisation of Electricity in Britain,’”’ by Mr. R. B. Giles. 
North Midland Centre: Wednesday, March 23, 7 p.m., 
City Hall, Sheffield. Faraday Lecture on “‘ Television,” 
by Sir Noel Ashbridge and Mr. H. Bishop. 


INSTITUTE OF TRANSPORT.—Monday, March 21, 5.30 
p.m., 66, Portland-place, W.1. ‘‘ Tradition and Sea 
Transport,” by Sir George Christopher. Berkshire, etc. 
Section : Monday, March 21, 7 p.m., Town Hall, Reading. 
“ British Railways and the Transport Act, 1947,” by 
Mr. D. Blee. Scottish Section: Friday, March 25, 
5.30 p.m., North British Station Hotel, Edinburgh. 
“* Rapid Transit,’”’ by Mr. E. R. L. Fitzpayne. 


INSTITUTION OF PRODUCTION ENGINEERS.—North- 
Eastern Section: Monday, March 21, 6.30 p.m., Neville 
Hall, Newcastle-upon-Tyne. ‘“‘ Noise and Vibration in 
Machinery,” by Dr. W. A. Tuplin. South Wales Section : 
Thursday, March 24, 6.45 p.m., South Wales Institute 
of Engineers, Park-place, Cardiff. “‘ Efficiency of 
Machining on the Basis of Economic Production,” by 
Dr. G. Schlesinger. 


INSTITUTION OF WORKS MANAGERS.—Monday, March 
21, 6.45 p.m., Waldorf Hotel, Aldwych, W.C.2. “ Fac- 
tories Act,”’ by Mr. T. H. Threlkeld. 


JUNIOR INSTITUTION OF ENGINEERS.—Sheffield Section : 
Monday, March 21, 7.30 p.m., 198, West-street, Sheffield. 
* Education and Training of a Mechanical Engineer,” by 
Mr. K. Dent. Institution: Friday, March 25, 6.30 p.m., 
39, Victoria-street,S.W.1. ‘“‘ Equipment for Distribution 
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MARINE REDUCTION 
GEARING. 


Success in the design of large high-speed reduc- 
tion gears for ships depends ultimately on appre- 
ciation of the several factors which enter into the 
problem, and of the interrelations between these 
factors. Numerous studies of both theoretical and 
experimental character have emphasised the im- 
portance of correct tooth profiles, helical angles and 
pitch distribution, as well as the need for eliminating 
surface irregularities. The additional requirement 
of reduction in size and weight has led to improve- 
ment of the materials to withstand the heavy duty 
imposed on the main gearing of ships, with the 
result that the cost of high-quality gears on the 
basis of weight has increased, but this is very largely 
offset by increase in the admissible working stresses. 
Such gears have another advantage on the side of 
maintenance, in that from 80 per cent. to 90 per 
cent. of the theoretical line of contact is operative 
over the full face width, as was pointed out by Mr. 
A. W. Davis in his paper on March 8, before the 
Institute of Marine Engineers, on ‘‘ Trends in the 
Development of Marine Reduction Gearing.” In 
reference to the equipment required for the purpose, 
Mr Davis remarked that the hobbing machines 
should be housed in rooms in which the variation of 
temperature could be controlled within limits of 
+1 deg. F. While the chief requirements of 
hobbing machines for accurate work are clearly 
stated in the British Standard Specification 1498 : 
1948, the information affords no guidance as to 
whether a creep mechanism is desirable in the drive 
between the main worm and the master gear. The 
mechanism makes for increase in the number of 
working parts, but one thing is to be said in its 
favour, especially in the case of large gears; it 
renders unnecessary the extreme accuracy required 
in the worm-drive unit of a solid-table machine. 
Error in this component produces a periodic pitch 
error in the cut gear, with a consequent whine in 





the finished product, and this particular error cannot 








As to post hobbing, which is most desirable for work 
of the highest finish, alternative methods present 
themselves ; lapping and shaving. The lapping pro- 
cess is effective in circumstances where sufficient 
time is available for careful control, though there 
is always the danger of lapping compound being left 
embedded in the tooth surfaces or of finding its way 
into crevices of the gear unit. From the point of 
view of economics, there is indeed little to recom- 
mend the procedure in the case of gearing for 
merchant ships. The alternative process, shaving, 
has been perfected to such a degree that it may be 
profitably employed for marine gears generally, 
mercantile as well as naval. The process is rapid 
and consists of shaving the wheel and then the 
pinion selectively ; that is, by varying the infeed 
of the cutter in order that variations of the helical 
angle between pinion and wheel may be rectified. 
Further, the process is completely effective in cor- 
recting profile errors and in providing a polished 
tooth surface free from undulations, subject to the 
qualification that shaving cannot be regarded as a 
cure for indifferent hobbing or as a means of 
eliminating waves longer than the active width of 
the shaving cutter. 

In so far as an increase in the rate of loading 
sufficient to take full advantage of accurate produc- 
tion involves a reduction in the factor of safety 
hitherto considered necessary, experience with the 
higher duty materials will very largely determine 
future developments in this branch of engineering. 
The materials in common use at the present time 
were adopted for the purpose about 30 years ago, 
when only materials of considerable ductility and 
toughness would stand up to the load imposed upon 
them without risk of failure from fatigue, although 
the best compromise was made to minimise the 
consequences of inaccurate engagement of the teeth 
by the employment of a normalised and tempered 
nickel steel for the pinions, with a moderately low 
maximum stress. The advent of high-accuracy 
cutting, however, brings under review the scope for 
materials having a higher maximum stress and 
capable of providing greater surface hardness. In 
view of inadequate experience at the present time 
in this regard with large gears, such developments 
must be attempted gradyally, as may be effected by 
selectively shaved gears with materials under a 
safe maximum stress. With naval ships, the 
demand for minimum weight and space tends to 
outweigh the foregoing considerations, and not only 
materials of high maximum stress but also surface- 
hardened and profile-ground gears demand the 
designers’ attention. When a gear surfece is surface 
hardened after cutting the teeth, the distortion 
which occurs is such as to necessitate re-profiling 
the teeth by grinding. While the surface hardening 
of pinions may be successfully carried out in a 
hardening furnace under proper control, the harden- 
ing of wheel teeth, except in the case of small 
wheels, is not so simple, since it can only be carried 
out by a process involving a travelling flame. At 
the same time, it is to be recognised that the duties 
which a pinion performs are generally much more 
arduous than that of the wheel, and there is little 
to justify the case hardening of wheel teeth, as 
suitable heat-treated steels are available for process 
finish by hobbing and shaving. 

With the development of accurate gear cutting, 
the double-reduction gear takes its right place in 
marine installations, enabling smaller turbines to be 
adopted with lesser risk of distortion, and the use of 
high pressures and temperatures without a multi- 
plicity of turbine units. The increase in loading of 
the teeth permits a smaller gear unit, but generally 
the effect is not so much to reduce the diameter of 
the main wheel as to introduce a reduction in the 
ratio of length to diameter of the pinions, and this 
tends to reduce the torsional and bending deflections 
under load. The reduction of distortion leads to 
better load distribution over the length of the teeth, 
thus permitting a further increase in the mean 
loading of the teeth. In instances where the length 
of the pinion helices exceeds 2} times the diameter 
of the pinion and the reduction in size of the gears 
is of primary importance, due consideration should 
be given to the use of a varying helical angle on the 





pinion teeth to compensate for distortion under load. 
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than a practical consideration, owing to the difficulty 
experienced in obtaining an even marking across 
the face width of the gears, even under static loading. 
With the availability of modern equipment for gear 
finishing, it is, however, reasonably simple, after a 
uniform bearing has been obtained along the teeth, 
to modify the helical angle of the pinion teeth by a 
selective shaving process so as to secure a proper 
distribution under full load. In this connection 
Mr. Davis drew attention to two points. First, 
there is no advantage in attempting such adjust- 
ment on the gear before correct static meshing has 
been obtained, because the errors in the helical 
angle may actually be as great as the additional 
adjustment required to obviate distortion. It 
would therefore be unprofitable to attempt any 
adjustment in the hobbing stage, even if facilities 
such as sine-bar correctors were available on the 
pinion hobbing machine. Second, there is nothing 
problematical about the helix adjustment required 
and, once the manufacturing technique is mastered, 
to contemplate research in this field with test 
gears would be quite out of place. 

Following the development of the gas turbine, a 
wide field has been explored in the quest for means 
of obtaining reversal of propeller thrust without 
interruption to the normal flow of working fluid in 
turbines. The problem can be solved, of course, 
by the adoption of variable-pitch propellers, especi- 
ally in the case of small ships, but the solution is 
unlikely to meet with approval by owners of large 
ships. A second solution may be found in electrical 
transmission, at a cost of about 8 per cent. loss in 
efficiency as compared with gearing and the intro- 
duction of complication that is not inconsiderable 
in the way of initial outlay or maintenance. For 
large gears, two types of reversible systems are 
receiving consideration, both employing hydraulic 
reversal clutches. In the first, the ahead drive is 
double reduction and the astern drive single reduc- 
tion, thereby eliminating lay shaft construction. 
Under astern conditions, there is a lowering of 
turbine revolutions and a consequent loss in 
efficiency, but not incompatible with the normal 
astern power requirement of 70 per cent. the ahead 
power. The direction of rotation is determined by 
which of the two hydraulic couplings associated 
with each turbine shaft is flooded. Under steady 
ahead steaming conditions, a mechanical clutch 
is brought into operation, thus isolating the hydraulic 
unit with which about 2 per cent. slip is to be 
expected in normal conditions of driving. With 
this type of gear, a relatively heavy load is carried 
by the astern pinion, which has its helical angle 
adjusted to take up the consequent distortion. 
In the second type of reversible gear, of Pametrada 
design, ahead running is through a hydraulic 
coupling which is capable of mechanical isolation, 
while astern running is through a hydraulic torque 
converter. This torque converter is similar to an 
elongated hydraulic coupling embodying stationary 
vanes between the two rotating elements to reverse 
the circumferential direction of the fluid flow, the 
action being accompanied by a loss of efficiency of 
30 per cent., the heat equivalent of which must be 
carried away by the oil circulating through the 
coupling. 

Something has been heard in recent years of an 
advantage to be found in the adoption of single 
helical gear units with thrust blocks to carry the 
out-of-balance load. Mr. Davis regards this as a 
case of putting the cart before the horse. The reason 
for the claim cannot, in his view, be dissociated 
entirely from the production of ground gears in 
which the diameter of the grinding wheels is such 
as to require a gap of about 8 in. between adjacent 
helices, giving an undesirable design when space 
and weight happen to be of major importance. 
A fact which is not generally realised is that if only 
the pinion unit is to be profile ground on the tooth 
flanks, a very much smaller grinding wheel may be 
employed because of the lesser wear which occurs 
in the grinding of a small gear. Consequently, the 
gap between helices with gears of this type can be 
reduced to about 4 in., enabling the advantages of a 
double-helical gear to be retained in conjunction 
with the benefits of ground pinions where high 
loading renders the adoption of such a gear desirable. 
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ATMOSPHERIC POLLUTION. 


TxE complaint about delay in the installation of 
grit-arresting plant at Fulham power station, 
made by the Borough Council to the British Elec- 
tricity Authority and referred to on page 186, ante, 
could only be replied to with the information that 
present-day steel shortages and the heavy load on 
constructional engineering capacity made it impos- 
sible for the work to be carried out more quickly 
than it was at present proceeding. The Highty- 
Fourth Annual Report on Alkali, Etc., Works,* 
which deals with the year 1947, and was published 
on February 2, 1949, makes it clear that Fulham is 
by no means an isolated case of complaint about 
atmospheric pollution by power stations. The 
generation of electric current is not a registered 
process under the Alkali, Etc., Works Regulation 
Act, 1906, and Alkali, Etc., Works Orders, 1928- 
1939, but the Chief Inspector and his staff furnish 
much assistance and advice in connection with 
unregistered processes which result, or may result, 
in the discharge of undesirable products to the 
atmosphere. 

The report contains a section dealing with electri- 
city generating stations. It is stated that consents 
for new stations are granted only after the Ministry 
of Health, which administers the Alkali, Etc., Works 
Act, has had an opportunity to comment on the pro- 
posals from the point of view of possible atmospheric 
pollution, and that it has become an accepted 
standard that stoker-fired boilers shall be furnished 
with efficient grit arresters of the cyclone type and 
that electrostatic precipitation plant shall be 
provided for pulverised-fuel boilers. It is added 
that these provisions, coupled with the use of high 
chimneys, will be a safeguard against heavy deposi- 
tions of grit and dust. Mention is made in the 
report of various power stations about which 
complaints have been received, but in each case it 
appears that the trouble has been due to delay in 
the installation of treatment plant or, in one case, 
the erection of a high chimney. 

On the question of sulphur oxides in waste gases, 
the report is less positive. Pointing out that the 
capital and operating costs of plant for the elimina- 
tion of sulphur oxides were heavy even before the 
war, it is added that these are now three times as 
great. This fact, coupled with the shortage of 
constructional material and labour, “ makes it 
indeed open to question whether such a luxury can 
be afforded under ordinary circumstances at the 
present time.” It is hoped that more economical 
methods of treatment may be developed, but in the 
meantime all that is being required is that new power 
stations shall be designed in such a way that gas- 
washing plant may later be installed if it should be 
found necessary. Mention is made of one station, 
the name of which is not given, against which 
claims for damage caused by sulphur dioxide in 
the waste gas have been laid. It was recommended 
that the matter should be dealt with by the use of 
coal having a lower sulphur content. Whether this 
recommendation led to any improvement in the state 
of affairs is not recorded. It has been understood 
generally that power stations, like other consumers, 
have been required to take the coal they were 
given. 

The new power station at Bankside is being 
treated as a special case. The installation and use 
of gas-washing plant were made conditions for 
consent to the building of the station. As it is to 
be oil-fired, the grit difficulty associated with coal 
burning will not have to be met, but: it is stated 
that with oil the elimination of sulphur oxides from 
the waste gases will be more difficult and expensive 
than if coal were burned. It is stated that pilot 
plant is being erected in order to work out the best 
method of gas washing for this station. 

Difficulties and delays of approximately the same 
kind as those experienced with electric power 
stations have arisen in connection with cement 
production works. In these cases, trouble arises 
owing to the discharge of fine dust and it is of 
interest that two cases are recorded in which Local 
Authorities objected to the erection of high chimneys 
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on the score of unsightliness. In one case, the 
owners proposed to build chimneys 250 ft. high 
and the Local Authority wished to restrict them to 
150 ft.; in the other, it was proposed to erect a 
400-ft. chimney to replace two of 150 ft. It is not 
to be supposed that the Alkali Works inspector, or 
anyone else, imagines that a high chimney eliminates 
atmospheric dust ; it does, however, ensure that it 
shall be distributed over a greater area, so that in 
any particular locality the amount deposited is 
not likely to be great enough to constitute a serious 
nuisance. 

With cement works, as with electric power sta- 
tions, “it has proved impossible to maintain the 
desired standara on account of the shortage of steel 
and otber materials necessary for the construction 
of de-dusting plant.” Difficulty in obtaining replace- 
ments has also made it impossible to maintain 
existing plant in first-class condition. ‘ Electro- 
static precipitation units have been out of action 
sometimes for long periods, pending delivery of 
electrical and other gear to replace worn-out or 
defective parts.” In connection with de-dusting 
plant of this latter type, the opinion is expressed 
in the report that although the design of dust 
arresters of the cyclone type has greatly improved 
in recent years, and efficiencies of a high order can 
now be guaranteed, they do not attain the efficiency 
of an electrical precipitator ** which is in really good 
order.” This latter phrase may imply a standard 
of maintenance and supervision which are expensive 
to attain in day-in and day-out practical working. 

It is recorded that measures taken to reduce 
fuel consumption, in view of the coal shortage, have 
resulted in lower kiln-end temperatures with a 
tendency for the gas to fall below dew-point in the 
flues leading to the de-dusting plant. This has 
resulted in heavy corrosion. In one Thames-side 
plant several mild-steel flues have had to be 
scrapped, and at least one electrical precipitator has 
been rendered useless by reason of corrosion. The 
elimination of this trouble apparently depends on 
better fuel supplies. It is pointed out that although 
for the first 24 hours after starting up, a cement 
kiln is not normally on full load, there is likely to be 
some dust emission during this period as electrical 
precipitators cannot be operated efficiently until 
they are thoroughly warmed-up, and the sug- 
gestion is made that this effect might be overcome 
by artificial heating with an oil flare. To avoid 
dust emission owing to an electrical precipita- 
tor falling temporarily out of action, it is recom- 
mended that rectifier equipment should be provided 
with switchgear so that, for example, in the case of 
three precipitators with three rectifier sets, any two 
sets could supply high-tension current to all three 
precipitators. 

The report contains a short appendix dealing with 
fluorine emissions. This matter has been referred 
to in various earlier reports. Fluorine is a minor 
constituent of many commonly-used raw materials, 
such as coal, clay and ironstone. When these are 
heated to a sufficient degree, fluorine is evolved as a 
gaseous compound or, possibly, as a fluorine dust. 
Similar, but more concentrated, emissions are pro- 
duced by hydrofluoric acid and superphosphate 
works, but these are dealt with satisfactorily. The 
attenuated fluorine content of flue gases from some 
brickworks, pottery kilns and large coal-burning 
installations constitutes, however, a practical pro- 
blem of considerable difficulty. The matter has 
been raised in a large brickmaking establishment 
employing a fluorine-bearing clay. There is evid- 
ence that grazing lands in the neighbourhood of the 
works may be affected and that dairy cattle and 
young stock feeding on the land may develop 
symptoms of fluorosis; bullocks, store cattle and 
sheep may be pastured on such lands without any 
great danger. The contamination of the herbage 
is superficial ; the fluorine is found on the grass, not 
init. Itis stated that to eliminate fluorine from the 
effluents of existing plants would put the industry 
to “ insupportable expense,” but it is suggested that 
in drawing up plans for new works the possibility 
of controlling fluorine emission should be kept in 
mind. There is some evidence, in the case of a 
pottery kiln, of glass in the neighbourhood being 
dulled by etching due to fluorine discharge, but the 





matter is evidently not considered to be serious. 
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NOTES. 


THE Economic SuRvEY For 1949. 

THE portentous Hconomic Survey for 1949, which 
was issued as a White Paper (Cmd. 7647) by the 
Government on Tuesday, March 15, will be of more 
interest to our readers as taxpayers than as engineers. 
It is divided into three main sections, comprising 
a brief story of ‘‘the great and steady ” progress 
made during 1948, a detailed review of the prospects 
for 1949 and a list of the major tasks, which must 
be performed during the coming year.. While the 
first section shows that we were able to reduce the 
overall gap in the balance of payments from 
6301. million in 1947 to 1201. million in 1948 and 
that, in fact, the last six months of that year showed 
a surplus of 30/. million, it is to the last that the 
closest attention must be given. Nevertheless, ‘in 
terms of dollars we are still not paying our way.”’ 
Increased production, especially in coal, steel, 
textiles and agriculture, is therefore still necessary, 
while other desiderata are the expansion of our sales 
in Canada and the United States, an increase in 
productivity, in order to bring down cost, and a 
continuance of the battle against inflation. In this 
connection, stress is laid on the fact that it is 
impossible to expect an improvement in production 
in 1949 comparable with that achieved in 1948 as 
investment in the manufacturing industries will be 
limited by the necessity of exporting much of the 
plant and machinery we produce, by the claims of 
basic services and by the danger of inflation. To 
achieve greater productivity reliance must there- 
fore be placed more than ever on the development 
of greater skill, energy and adaptability. This 
problem is primarily one for industry and the White 
Paper notes that there are encouraging signs that 
progressive views on these matters are spreading. 
As regards the other general need that of avoiding 
inflation, it will still be necessary during 1949 to 
restrain home demand, in order to maintain the 
export drive. 


ANGLO-AMERICAN AERONAUTICAL CONFERENCE. 

As already announced in our columns a joint 
conference of the Institute of Aeronautical Sciences 
and the Royal Aeronautical Society will be held in 
New York from Monday, May 23, to Saturday, 
June 4. According to the tentative programme 
recently drawn up, the conference opens on the first 
day with a geception and supper at the headquarters 
of the Institute, 2, East 64th-street, New York. 
The whole of Tuesday, Wednesday and Thursday, 
May 24, 25 and 26, will be devoted to technical 
sessions at the Hotel Astor, New York, the Institute 
dinner being also held there on the evening of May 
26. The subsequent four days after the technical 
sessions, namely, May 27 to 30, will be spent on 
visits, excursions and garden parties in the vicinity 
of New York. Those attending the conference will 
fly to Washington in the morning of Tuesday, 
May 31, to Langley Field, Virginia, in the morning 
of June 1, to Patuxent River Station in the evening 
of June 1, to Philadelphia in the afternoon of June 2 
and back to New York in the evening of June 2. 
Visits will be paid to the Langley Memorial Aero- 
nautical Laboratory, the American Navy’s test air 
station at Patuxent, the Naval Aircraft Factory at 
Philadelphia, and the works of the Republic Avia- 
tion Corporation, the Grumman Aircraft Engineer- 
ing Corporation, and the Curtiss-Wright Corpora- 
tion, Among the papers to be presented by British 
authors are contributions on the relative merits of 
auxiliary power systems, (a) hydraulic, by Mr. 
H. G. Conway, (6) electric, by Mr. R. H. Woodall, 
and (c) pneumatic, by Mr. H. R. Haerle ; on turbine- 
engined aircraft, by Mr. G. R. Edwards; on heli- 
copters, by Mr. H. B. Squire ; on materials, by Mr. 
A. E. Russell and Major P. L. Teed ; on propeller 
gas turbines, by Mr. F. M. Owner; on large land 
aeroplanes and flying boats, by Mr. D. Keith-Lucas ; 
on flutter problems, by Mr. E. G. Broadbent; on 
the life of aircraft structures, by Mr. H. A. Wills ; 
and on civil-aircraft design, by. Mr. C. Dykes. The 
American contributions will include papers by 
Mr. H. J. Stewart, on heat transfer and skin friction ; 
on high-speed aerodynamics, by Mr. W. Vincenti ; 
on aircraft maintenance, by Mr. W. Alberts; on 
the turbo-propeller engine, by Mr. W. G. Lundquist ; 


on turbo-jet engines, by Mr. N. Burgess and Mr. 
J.C. Buechel ; on aerodynamically-boosted surface 
controls, by Mr. O. R, Dunn; on the flight testing 
of dropped bodies and rocket models, by Mr. F. L. 
Thompson ; and on helicopters, by Mr. C. M. Belinn. 
Persons attending the conference are asked to make 
their own arrangements for travelling but to inform 
the Institute of Aeronautical Sciences, 2, East 64th- 
street, New York, of their intention to participate. 
Further particulars are obtainable from the Royal 
Aeronautical Society, 4, Hamilton-place, London, 
W.1. 

Tue InstTITUTE OF MARINE ENGINEERS. 


The 60th anniversay dinner of the Institute of 
Marine Engineers was held at the Connaught Rooms, 
London, W.C.2, on Friday, March 11, the chair being 
taken by Sir Amos Ayre, K.B.E., D.Sc. (past- 
President) in the absence of the President, Sir 
Robert Micklem, C.B.E., from whom a radio message 
was received during the dinner, from the s.s. 
Orontes, on passage through the Mediterranean. 
The guest of honour was H.R.H. the Duke of 
Edinburgh, to whom the chairman expressed the 
hope that the occasion might be “the beginning of 
a long friendship between Your Royal Highness and 
this Institute.” The Duke, in response, said that 
he shared the chairman’s hope—‘‘not that,” he 
added, in an informal aside, “I have not been 
friendly to marine engineers!” The toast of ‘‘ The 
Royal and Merchant Navies of the British Common- 
wealth was proposed by the Rt. Hon. the Viscount 
Bruce of Melbourne who, after some entertaining 
reminiscences of his experiences with the Australian 
Government-owned fleet of merchant ships, when 
he was Prime Minister of Australia, evoked even 
heartier applause his blunt declaration that ‘‘ the 
British Empire, although it is not apparently 
popular, has forever been an association of people 
who have rendered a great service to the world, to 
civilisation and to the advancement of human well- 
being,” “a service which was possible only because 
of the British Navy and the British mercantile 
marine. Vice-Admiral Sir Cecil Harcourt, K.C.B., 
Second Sea Lord, who responded, though he 
enlivened his speech with various anecdotes of 
personal experiences when serving in the Royal 
Australian Navy, introduced several topics of a 
more serious tone; especially the importance— 
which the Admiralty realised to-day, though former 
Boards of Admiralty had not always done so—that 
only the best possible type of naval officer should be 
sent on loan to navies desiring such assistance, and 
the need to maintain the Royal Naval Reserve as an 
efficient service. He urged upon naval architects 
and constructors the desirability of providing means 
for cooling ships which operated for long periods 
in tropical waters. The toast of “‘ The Institute of 
Marine Engineers” was proposed by the United 
States Minister, the Hon. J. C. Holmes, who 
emphasised the close comradeship between the 
builders and operators of ships on both sides of the 
Atlantic, as typified by the honorary life member- 
ship conferred on Sir Amos Ayre by the Society of 
Naval Architects and Marine Engineers, in New 
York. Sir Amos, in replying to the toast, suggested 
that the Festival of Britain in 1951 would be a good 
occasion for the Institute of Marine Engineers, and 
other bodies of like interest in this country, to 
organise a joint meeting in London (as was done in 
1938) to which they could invite their ‘‘ opposite 
numbers” from the United States; a suggestion 
which was received with enthusiasm. 


Tue Errect oF OVERLOADS ON TRANSFORMER 
LIFE. 


A lecture on “The Effect of Overloads on the 
Life Expectancy of Transformers” was delivered 
by Mr. V. M. Montsinger, of the General Electric 
Company, America, at the Institution of Mechanical 
Engineers, Storey’s-gate, London, §S.W.1, on 
Monday, March 14. This meeting was held under 
the auspices of the Institution of Electrical Engi- 
neers and the British National Committee of the 
International Electrotechnical Commission and the 
chairman (Mr. C. O. Boyce) welcomed the foreign 
delegates, who were attending the Committee on 
Transformers of the latter body, who are in London 
this week. Mr. Montsinger said that the methods 





of operating transformers in the United States had 
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undergone a profound change during recent years, 
as a result of the realisation that the life of this 
equipment could not be determined accurately by 
any form of mechanical or electrical test. Before 
1930, the practice was to base ratings on an ambient 
temperature of 40 deg. C. and to allow a temperature 
rise of 55 deg. C. with a margin of 10 deg. C., giving 
a total temperature of 105 deg. C. This had not 
proved universally satisfactory. The ambient 
temperature had been reduced, therefore, to 30 deg. ; 
and it had been specified that the temperatures of 
the cooling air and cooling water should not exceed 
40 deg. C. and 30 deg. C., respectively. The ratings 
were also reduced for each degree that the ambient 
temperature exceeded 30 deg. C., and a further 
allowance was made for load factor. Much research 
had been undertaken on the effect of temperature 
on the dielectric and mechanical strengths and it 
had been found that in certain cases the dielectric 
strength fell suddenly to zero. It could not, there- 
fore, be used as a criterion of the insulating proper- 
ties in relation to life. Different mechanical tests 
also gave different results. Considerable use had, 
however, been made of the fact that the rate at 
which the tensile strength of the insulation decreased 
doubled for each 8 deg. of temperature rise between 
75 deg. and 250 deg. C. This “‘ 8-deg. rule ” had, 
in fact, been used to determine the outputs allowable 
at different ambient temperatures, as well as the 
permissible overloads. The same rule applied to 
the oil. Moisture was another important factor in 
the deterioration of insulation resistance, although 
the exact reason for its action was still unknown. 
It was estimated that a transformer operating 
continuously at a “hot spot” temperature of 
95 deg. C. would have a life of 25 years. Deter- 
mination of exact values, however, was not possible, 
although the effect of overloads gave some idea of 
the rate of deterioration. 


Patent Law AMENDMENTS. 


A Patents and Designs Bill to give effect to many 
of the changes recommended by the Committee 
appointed by the Board of Trade under the chair- 
manship of Mr. K. Swan, in 1944, was introduced 
in the House of Lords on Tuesday, March 8. Nine 
clauses of this new Bill are designed to remedy 
the abuse of patent rights or the insufficient use 
of patented inventions. As at present it will be 
possible to obtain a compulsory licence to work 
an invention, to obtain a “licence of right” 
or, in special circumstances, the revocation of a 
patent. The circumstances in which these remedies 
can be resorted to, will, however, be extended to 
cover cases where the invention is not being worked 
to the fullest extent or where an export market is 
not being supplied. Remedies may also be sought 
where the working of one patent is hindered by the 
refusal of another patentee to grant a licence on 
reasonable terms. Provision is further made for 
action being taken by a Government department 
in the public interest, particularly in cases reported 
on by the recently-appointed Monopolies and 
Restrictive Practices Commission. The Bill also 
permits an applcation for a patent to be made by 
an assignee of the inventor and for an application by 
the inventor to be taken over at any stage by such 
assignee. At present, it may be recalled, an 
application of this kind can only be prosecuted by 
the inventor, who may no longer be concerned or 
readily available. It is also proposed to introduce 
a new system of dating patents, whereby the date 
of the patent will be the date of the filing of the 
complete specification and not, as at present, the 
date of the first application in this country or in 
another country belonging to the International 
Convention for the Protection of Industrial Pro- 
perty. Another clause provides that the grant of a 
patent may be opposed on the grounds that the 
invention has been previously used or lacks inventive 
merit or subject matter. The object here is, of 
course, to provide a check against the grant of 
worthless patents, such as cannot at present be 
refused. Other clauses modify the provisions relat- 
ing to the use of patented inventions for the services 
of the Crown and make permanent provision for 
ensuring the secrecy of inventions in the interests 
of the defence of the realm. In particular, relief 
from contractual obligation to other persons will 
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be provided in cases where the patentee himself uses 
an invention for the services of the Crown. It is 
also proposed that an additional High Court judge 
should be appointed to deal primarily with patent 
cases, but that all appeals from the Comptroller’s 
decision should go to the Patents Appeal Tribunal 
and not to the High Court as at present. Another 
amendment of the law will help to protect an 
inventor who is an employee in the event of a dispute 
arising between him and his employer as to the 
rights of the parties. A possible infringer will have 
the power to obtain a court declaration of infringe- 
ment or non-infringement, irrespective of the 
attitude of the patentee. 


IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY. 


Representatives of the twelve “Great” Livery 
Companies’ of the City of London were entertained 
to luncheon at the Hotel Rembrandt, Kensington, 
on Monday, March 14, by the Imperial College of 
Science and Technology, and were afterwards taken 
round the principal departments of City and Guilds 
College. In a speech of welcome, the Rt. Hon. 
the Viscount Falmouth, Chairman of the Govern- 
ing Body of the Imperial College, acknowledged 
the debt owed to the Livery Companies for founding 
the City and Guilds in 1878, and for subsequent 
acts of munificence. Mr. G. A. Wathen, Senior 
Past Master of the Mercers’ Company, replied on 
behalf of the guests. Air Chief Marshal Sir Roderic 
Hill, Rector of the Imperial College, and Professor 
QO. A. Saunders, Dean of the Department of Mechani- 
cal Engineering, also spoke, and accompanied the 
guests on the tour of the laboratories. The College 
has about 800 students, of whom more than 300 are 
post-graduate. Much of the work being under- 
taken is on behalf of outside firms and institutions. 
In the structures laboratory, some typical apparatus 
was whown; work is being carried out on the 
torsional resistance of thin sections, and the 
co-relation between ship and aircraft structures is 
being pursued. An apparatus in the hydraulics 
laboratory is in use for examining the pressure on a 
wall due to a breaking wave, the required form of 
which is difficult to control. A method of investi- 
gating the fluctuations in the flow of air in a wind- 
tunnel was demonstrated, and an inquiry into the 
passage of high-frequency sound waves—of the 
order of 10,000,000 cycles per second—through liquid 
media is being undertaken. A laboratory is being 
prepared for the erection of a supersonic wind tun- 
nel, which will be supplied for brief periods from 
cylinders of compressed air, and work is in an 
advanced stage on the construction of another, 
smaller cross-section, wind-tunnel, which will be 
continuously supplied with air from the compressor 
of a Rolls-Royce Merlin engine, at speeds of two and 
a half times that of sound. 





LETTER TO THE EDITOR. 


CRANKSHAFT DAMPING. 
To THE EpITor oF ENGINEERING. 


Sir,—I have read with interest your comments 
in the issue of ENGINEERING for March 4, page 205, 
on my paper on “ Crankshaft Damping” recently 
delivered before the Institution of Mechanical 
Engineers. Most of the questions which you raise 
were mentioned during the verbal discussion in the 
Institution and will be answered more fully in my 
written reply. Permit me here to say only that 
your concluding remarks are a little misleading, 
when you suggest that my investigations, made with 
an experimental apparatus rather different from an 
actual engine, are not of the same practical value 
as, for instance, certain damping measurements 
made some years ago on an actual aero-engine, and 
carried out by my friend and compatriot Professor 
J. L. Mansa. 

My paper actually contains the results of careful 
damping measurements on 34 different types of oil 
engines in service, including both four-stroke and 
two-stroke, single-acting and double-acting engines 
of widely different sizes, and the results are found 
to be in good agreement with the theories which I 
have set forth. 


The main purpose of my investigations, however, 
was to make an inquiry into the fundamentals of 
crankshaft damping; that is, to measure the 
various components of the damping directly, and 
this cannot be done exclusively by measurements on 
engines in full working condition, but only by means 
of special experimental apparatus which, of course, 
should resemble an actual engine as much as possible. 
This is what I have done and the results, even if not 
exhaustive, are applicable to actual engines. 


It might interest you to hear that Professor 
Mansa’s work (and also that by Professor Shannon 
in Glasgow, and others) was one of the reasons 
which induced me to make these investigations. 
Those working on the fundamental theory of tor- 
sional vibration are not very numerous and all are 
quite familiar with the work of the others. There 
is no question, therefore, whether one is more correct 
than the other, but we hope, by degrees, to build up 
a theory which will meet all practical demands and, 
moreover, will lead to new methods in the design of 
engines. 

- Yours faithfully, 

tPer DraMinsky, DR. TECHN. 

Kammerraadensvej 25, 
Horsholm, Copenhagen. 
March 10, 1949. 


{Our comments relate to Dr. Draminsky’s paper 
which “‘ describes experimental work with a single- 
cylinder engine driven by external power .. .,” not 
tests on 34 different types of oil engine. The hysteresis 
damping was measured under conditions which differed 
in important particulars from the working condition 
of an engine, there being neither piston nor connecting 
rod. Indeed, is not the title of the paper something of 
a misnomer, since “ the hysteresis loss occurred almost 
exclusively in the intermediate shaft,” and not in the 
crankshaft of the system ?—Ep. E.] 





OBITUARY. 


MR. JOHN A. RENNIE. 


THERE can be few families whose association with 
engineering, in this or any other country, is longer 
or more significant than that of the Rennies, the 
“founder ” of which, in the historical sense, was the 
civil engineer, John Rennie, who designed the 
original Waterloo Bridge and also London Bridge. 
He had two sons, John (afterwards knighted) and 
George, whose firm of J. and G. Rennie were among 
the principal suppliers of marine propelling machin- 
ery to the Royal Navy in the second and third 
quarters of the Nineteenth Century. It is with the 
regret naturally associated with the severance of a 
direct link with these great pioneers that we record 
the death, on February 15, at his home near New- 
bury, Berkshire, of Mr. John A. Rennie, the last 
managing director of the firm, and a great-grandson 
of John Rennie the bridge engineer. 

John Assheton Rennie was the second of the 
three sons of George Banks Rennie, a former vice- 
president of the Institution of Mechanical Engineers 
and the designer of the first iron floating-dock. He 
was born on September 30, 1876, and so was in his 
73rd year at the time of his death. He was educated 
at Wellington College and at Trinity Hall, Cam- 
bridge, and, on leaving the University in 1896, 
entered upon a two-years’ engineering apprentice- 
ship in the family shipyard and engine works at 
Greenwich. On the conclusion of his apprenticeship 
he was given a task of considerable responsibility, 
and requiring no little initiative and resource, 
namely, that of taking out in parts to Lake Nyassa 
and re-erecting there a small steam gunboat which 
the firm had constructed for police duties on the 
Lake. This task, and the supervision of the vessel’s 
operation during the guarantee period, occupied him 
for nearly four years, after which he returned to 
Greenwich and eventually, on the death of his 
father, became managing director there. It was on 
his decision, in 1912, that the business was removed 
to Wivenhoe, Essex, to the yard of the old firm of 
Forrestt and Company, where it was reconstituted 
as the Rennie-Forrestt Shipbuilding, Engineering 
and Dry Dock Company. During the 1914-18 war, 
the yard was fully occupied, but post-war difficulties 





reorganisation as the Rennie, Ritchie and Newport 
Shipbuilding Company, it was closed in 1920. 

Mr. Rennie had other interests, however, and 
these he proceeded to develop in various directions, 
He was already a director of Crompton and Com. 
pany, and, in the following year, was appointe:i to 
the board of Plenty and Son, Limited, of Newbury, 
of which he continued to be a director for a number 
of years. For about ten years, also, he was a direc. 
tor of the Jersey Electric Light and Power Company, 
and the Shoreham and District Electric Light and 
Power Company ; and, for varying periods, served 
also on the boards of the Rotoplunge Pump Coin- 
pany, the Danube Oil Trading Company, Aerocrete 
Units Limited, the Invictus Flooring Company, and 
several other trading firms. He retired from al] 
his directorships about 15 years ago, and proceeded 
to devote himself intensively to fly-fishing (on which 
he was an acknowledged expert) and, as a natural 
corollary, to the abatement of river pollution ; but 
on the outbreak of the recent war, he became again 
active as an engineer and was closely concerned, in 
a consulting capacity, with the construction of some 
of the units for the ‘‘ Mulberry” harbours. To the 
end of his life, too, he retained one very close con- 
nection with the activities of his earlier years and 
those of his forebears, in his membership of the 
Smeatonian Society, of which he had been treasurer 
for 46 years and was President in 1927. It is a 
remarkable fact that, since the Smeatonian Society 
was inaugurated in 1771, the treasurers have been 
drawn from two families only, one being the Rennies 
and the other the even older civil-engineering family 
of Mylne to which belonged Robert Mylne (1734- 
1811), who built the original Blackfriars Bridge in 
1760-69. 


MR. R. A. RYVES. 


WE have to record also the death of Mr. Reginald 
Arthur Ryves, which, we regret to state, occurred on 
March 10, at Ashford Hospital, Kent. Mr. Ryves, 
who was for many years in practice as a consulting 
engineer in Queen Anne’s Chambers, Tothill-street, 
Westminster, was the son of the Rev. G. T. Ryves, 
M.A., and was born on February 9, 1873. He was 
educated at the High School, Newcastle-under- 
Lyme, and from 1891 to 1893 studied engineering at 
University College, London. In April, 1895, Mr. 
Ryves became a pupil of Mr. T. Hurry Riches and 
was with him for two years in the workshops and 
drawing office of the locomotive, carriage and 
wagon department, as well as in the running sheds, 
of the Taff Vale Railway, at Cardiff. After serving 
in the drawing office of Mr. Ll. B. Atkinson, Cardiff, 
for a short period, Mr. Ryves became an assistant 
to Mr. T. W. Barber, Sen., in Tothill-street, West- 
minster, in January, 1898. Three years later he 
went to Spain to take up the position of assistant 
engineer to the Cartagena Waterworks undertaking, 
being soon afterwards appointed engineer and 
manager; he left Spain, however, in 1903. Mr. 
Ryves next went to Madras, where he was engaged 
as Professor of Civil Engineering in the Government 
College of Engineering. In 1907, he was appointed 
to the Madras Public Works Department and spent 
several years as officer in charge of irrigation works 
connected with the Kistna and-Cauvery projects. 
In 1914, although 41 years of age, Mr. Ryves 
joined the Army and served three years overseas, 
in Gallipoli, Egypt, France and Italy, as a Lieu- 
tenant R.E. (T.) in the First London Division, the 
29th Division, and finally in the 14th Corps. On 
demobilisation, in 1920, Mr. Ryves started a 
consulting practice and for some years was engaged 
on work connected with Government irrigation 
schemes in North-East Brazil. Subsequently, he 
prepared reports on several irrigation projects in 
the Balkans. For several years Mr. Ryves was 
editor and principal contributor of the highway- 
engineering and water-engineering sections in 
Kempe’s Engineer’s Year Book. He was also the 
author of a number of works, including The King’s 
Highway, Preliminary Studies in Bridge Design, and 
an interesting and well-written little history of The 
Channel Tunnel Project (published in 1929). Mr. 
Ryves was elected an associate member of the 
Institution of Civil Engineers in 1899. He was also 
a member of the Association of Consulting Engineers 
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MARCH 18, 1949. _ 


RUDOLF DIESEL AND HIS 
INVENTION. 


By Dr. EvcEn Diese. 


Iv is not easy to tell the story of Rudolf Diesel 
and his invention, because the inventing of the 
Diesel engine cannot be explained solely in terms 
of Diesel’s technical achievement. Complicated 
scientific and psychological considerations, together 
with other sociological and industrial factors, must 
be taken into account if a true picture is to be given 
of how the Diesel engine came into being. 

My father, who was born on March 18, 1858, in 
Paris of Bavarian parents, had a hard youth and 
experienced many privations. This fired him with 
the ambition to win. fame and riches by means of 
some great achievement. In 1870, soon after the 
battle of Sedan, the Diesel family had to leave 
France and came to London, where the 12-year old 
Rudolf went to school. Later in the same year, he 
was sent alone to stay with relations in Augsburg, 
Bavaria, where he entered the Industrial School. 
Here he was greatly impressed by a demonstration of 
the pneumatic match, the principle of which he was 
to adopt later in constructing his engine. At 14, he 
was convinced that he was meant to be an engineer, 
and wrote his parents a most determined letter on 
the subject. The latter, whose business in Paris had 
been ruined, were against a calling requiring such an 
expensive education, and tried to make him become 
an artisan or mechanic. Diesel, however, had 
already begun to earn money, and he continued to 
doso. Apart from this, he did so exceptionally well 
at school that he won several scholarships, which 
enabled him to study at the Technical University in 
Munich. 

There is no doubt that, even in his young days, 
Diesel was exceedingly ambitious. His letters show 
that, when still almost a child, he was convinced that 
he was destined not only to be an engineer, but also 
the author of some outstanding work. Driven by 
his small means and personal pride, he became stub- 
bornly determined to become not only one of the 
leading engineers of his day, but also a wealthy man. 
A psycho-analyst would put this down to the urge 
to counteract the inferiority complex resulting from 
his oppressed childhood. Towards the end of the 
Nineteenth Century, belief in the march of science 
and technique had become something of a religion. 
What a splendid opportunity, then, for Rudolf 
Diesel, who felt that he was a born engineer! He 
often told me that he thought engineering was the 
finest of all professions, and was apt to speak 
slightingly about some of the others. 

Besides studying the science of engineering, he 
also did practical work at the bench and the lathe. 
In 1880, having passed the Technical University 
examination with record marks, he determined to 
invent something for which the age was craving. 
What, then, might this invention be? In his 
youthful enthusiasm, Diesel set his aim high. He 
planned to replace the steam engine by something 
still better. The steam engine, however, in spite of 
some fundamental and unavoidable defects, had 
reached a very high pitch of mechanical perfection, 
and most engineers could not imagine a better heat 
engine. Gas engines, which at that time could not 
be constructed to give more than a few horse-power, 
could hardly be serious rivals of the steam engine. 

The steam engine, however, had the great draw- 
back that even the best were only able to transform 
about 10 per cent. of the available heat in the fuel 
into useful work ; and the boiler had its own inher- 
ent disadvantages. Small steam engines con- 
sumed much more coal per horse-power-hour than 
large ones, so that the small man paid considerably 
more for his power than the big capitalist. Some 
scientists, criticising these and other features, 
insisted that eventually the extravagant and defici- 
ent steam engine must go. 

It was in 1879 that Diesel, in his studies, became 
impressed by the poor efficiency of the steam engine, 
and also learned of Carnot’s cycle, which seemed to 
challenge him to invent a perfect heat engine. 
Noting in his exercise book the basic importance of 
this theory, he added: “But how can this be put 
into practice ? That’s what must be found out.” 











ENGINEERING. 


From that time onwards, he never paused in his 
fanatical search for the perfect heat engine. 

It was clear to him from the beginning that he 
would have to use very high pressure in the new 
engine. Exactly 100 years earlier, Oliver Evans, 
whose career in many respects reminds me of that 
of my father, had raised the steam pressure of the 
stegm engine from one atmosphere to 8 or 10 
atmospheres, and during that century this pressure 
had hardly been exceeded. The next decisive step 
in using high pressure was to be taken by Diesel. 

But when, at the age of 25 and employed as a 
refrigerating engineer, Diesel started as an inventor, 
he fell back on the steam engine. Instead, however, 
of using water-vapour, he introduced superheated 
ammonia vapour, with which, as a refrigerating 
engineer, he was familiar. He raised the steam- 
pressure to 30-40 atmospheres, and adopted certain 
physical processes depending on absorption and 
adsorption of ammonia gas. Of equal importance 
with the idea of a more economical] heat engine was 
his scheme to build a workable small engine ; it 
was, in fact, the attempt to construct an economical 
small engine which initiated the Diesel engine. 
Later, the need for a small heat engine vanished, 
because the electric motor appeared. After six 
years Diesel managed, in Paris, to make an ammonia 
engine run fairly successfully ; but it was not yet 
up to expectations, the chief flaw being that, when 
the stuffing box leaked, the high-pressure ammonia 
affected the lungs and noses of the mechanics. 

Diesel’s early efforts were not wasted, however, 
for he was now thoroughly convinced of four things : 
first, that he must get away from the old steam 
engine entirely ; secondly, that the whole combus- 
tion process must be concentrated in the cylinder ; 
thirdly, that, instead of steam, air must be used 
as the working medium ; and fourthly, that it must 
be very highly compressed in order that the Carnot 
cycle, with its promise of complete utilisation of 
fuel, might be realised. To those who only consider 
the technical side and ignore the psychological 
situation, it may seem that the first three points 
presented nothing new, for they had already been 
realised by the gas engine, then coming into wider 
use ; yet, psychologically, the conception was not 
the same. The gas engine had been constructed 
without any clear realisation of the first three points, 
as it had developed out of the idea of using the 
explosive power of town gas to produce a boilerless 
engine for small industries. 

Diesel did not adopt these gas engines as a basis. 
In 1889, when he was about to give up the ammonia 
engine, he heard of a suggestion by the Marquis de 
Montgrand to produce heat and cold by the com- 
pression and expansion of air, and he remembered 
the pneumatic match of his school-days. Physical 
processes of this kind were his starting-point, and 
not the idea of improving the gas engine. On the 
contrary, he rejected the gas engine on theoretical 
grounds, and aimed at an entirely new machine and 
isothermal combustion, based on the Carnot cycle. 
His jubilant conviction of the fundamental novelty 
of his conception as a whole was one of the strongest 
forces in bringing the Diesel engine into existence. 
This engine, original in “ principle ”’—a favourite 
word of Diesel’s—was intended to run on either solid 
(powdered), gaseous or liquid fuel, and to transform 
the greater part of the heat contained in the fuel 
into useful work. Naturally, it was easier to con- 
struct an oil engine than a gas or coal-dust engine, 
and since, at that time, the world output of crude 
oil was increasing, the new oil engine was welcomed. 

Otto, when trying to improve on his economical 
but noisy atmospheric gas engine—which, above 
3 horse-power became unworkably clumsy—had had 
to face the problem of how to fill the cylinder with 
an inflammable mixture of air and gas. He evolved 
the four-stroke cycle, which required the intro- 
duction of compression, since, after the cylinder had 
been successfully filled with the inflammable mix- 
ture, the gas could not well be pushed out again 
unused. So it came about that Otto first regarded 
compression as a necessary evil, and therefore kept 
it as low as possible. Diesel’s starting-point was 
quite different. He was utterly obsessed with the 
idea of extremely high compression, but, to achieve 
this, even he had to adopt the four-stroke cycle, 
although the explosion of an inflammable mixture 





was no part of his original plan. He used the four- 
stroke cycle, therefore, not to fill the cylinder with 
a mixture of gas and air, but to compress pure air 
init as highly as possible. In this way a high surplus 
of oxygen for perfect combustion was available ; and 
high temperature could be obtained as well as high 
compression, besides the possibility of attaining a 
diagram in accordance with the Carnot cycle. 
Further, pure air had to be drawn in, or else the 
inflammable mixture would have been ignited 
through the heat of compression before the inner 
dead centre had been reached. 

Of almost paramount importance, however, was 
the fact that in the old gas engine, the combustion 
process, once started, could no longer be controlled ; 
and regulation was what Diesel, in conscious 
opposition to Otto, was trying to achieve. Besides 
this, powdered coal could not be drawn in and 
ignited like an inflammable mixture, and, at this 
theoretical stage, it was powdered coal that Diesel 
was still keen to use, because coal was the most 
widespread and also the cheapest fuel. He there- 
fore postulated that pure air should be drawn in 
and fuel injected afterwards. 

The fuel, as has been shown, was to be introduced 
in such a way as to cause the combustion process 
to follow the Carnot theory, from which Diesel had 
developed his own theory as closely as possible. 
This was in harmony with the precise, zsthetic 
and economical sides of his nature. He shrank from 
the idea of letting the combustion process proceed 
uncontrolled. He dreamed of making the combus- 
tion and expansion of the working gases correspond 
exactly with the ideal diagram, and of achieving 
regulation with the same precision as was, for in- 
stance, the admission and expansion of steam in the 
Sulzer and Corliss steam engines. This was much 
easier in the case of the steam engine, since the 
control and adjustment of the working pressure of 
the boiler was a natural outcome of a continuous 
combustion process, whereas in the new engine, 
which had no boiler, no such continuous process 
could take place. It was characteristic of Diesel 
that, in spite of these difficulties, he was determined 
that the new engine should have all the good 
qualities of the steam engine. These high aims of 
his, however, could not all be accomplished since 
Carnot’s theory was not quite exact, and Diesel’s 
own theory possessed a good many defects. Diesel’s 
ideas of very high compression of pure air, subse- 
quent injection of fuel, and the contro] of combus- 
tion were correct in substance. 

If the Diesel engine and, generally speaking, 
heat-engine construction on the whole, had continued 
to develop on the lines of the classic steam engine, 
with its big cylinders and few revolutions, in time 
extremely fine and sensitive methods of controlling 
the combustion process would probably have 
resulted, and even somewhat higher performances 
been achieved. But there was, after 1900, an ever- 
increasing tendency towards high speed, the weights 
decreased, the classic ideal was thrown overboard. 
The modern trend was to reach a very rapid repeti- 
tion of mechanically-exact injection, rather than its 
sensitive regulation in accordance with a theoretical 
cycle in big cylinders of low-speed engines. Further, 
Diesel had emphasised the constant-pressure dia- 
gram, fearing the increase of pressure and tempera- 
ture after the injection of oil, which would mean 
an increase in the consumption of fuel. This fear 
proved later to be baseless. I watched my father 
for many years trying dogmatically to carry through 
his famous constant-pressure diagram, and saw how 
he came to regard any deviation from it as heresy ; 
in fact, his dogma was adopted by almost all engi- 
neers up to his death. Another of his convictions 
was that solid injection would never work properly. 
I remember how, about 1910, I begged him to try 
it again, but his experience with it had been such 
that he would not hear of it. 

(To be continued.) 








ENGINEERING AND MARINE EXHIBITION, OLYMPIA.— 
The Engineering and Marine Exhibition will be held at 
Olympia, London, W.14, from August 25 to September 10. 
It will again incorporate the Welding Exhibition which 
will occupy the annexe at the south end of the Grand 
Hall, Further particulars may be obtained from Messrs. 
F. W. Bridges and Sons, Limited; Grand Buildings, 
Trafalgar-square, London, W.C.2. 
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INVESTIGATIONS ON THE 
FISCHER-TROPSCH PROCESS. 


Tue Fischer-Tropsch process of producing a range 
of hydrocarbons by synthesis from a mixture of hydro- 
gen and carbon-monoxide in the presence of a catalyst 
was invented in Germany in 1925. The synthesis gas 
is made from coal and coke in a producer and, after 
chemical treatment for the removal of sulphur, the 
purified gases are passed downwards through beds of 
catalyst in a reaction chamber. The catalyst generally 
employed consists essentially of granules of kieselguhr 
on which cobalt carbonate has been precipitated. The 
synthesis can be effected at atmospheric pressure, but 
as the reaction is exothermic and the temperature 
range at which satisfactory results are obtained is 
rather limited (180 deg. to 200 deg. C.), arrangements 
have to be made to dispose of the heat produced. For 
this reason the catalyst is kept in narrow compartments 
between water-cooled surfaces, the heat produced being 
utilised to generate steam. 

The hydrocarbons resulting from the synthesis range 
from methane to paraffin wax, but the proportions of 
each can be controlled to some extent by adjusting the 
working conditions. As operated in Germany, the 
products comprised 40 to 60 per cent. of low-grade 
motor spirit, some 30 per cent. of Diesel oil, and 
10 to 30 per cent. of wax. The process was expensive 
and not very satisfactory as a source of motor fuel, but 
it formed a useful source of raw materials for the 
chemical industry. Its progress in Germany, however, 
could hardly be regarded as spectacular. The first 
full-scale plant was erected in 1935 by the Ruhrchemie 
A.G., and on the outbreak of war there were nine 
plants in existence with an aggregate rated capacity of 
740,000 tons. Their actual capacity, however, was 
much less, the figure for 1943 being 570,000 tons. No 
new plant was constructed in Germany during the war 
and no great ch was made in the process; owing 
doubtless to the fact that Germany’s greatest need 
was for the high-grade aviation spirit and motor spirit 
produced in hydrogenation plants. No Fischer-Tropsch 
plant has been installed in this country so far, but 
investigations to improve the process have been carried 
on at the Fuel Research Station, Greenwich, for some 
years, on a laboratory and semi-technical scale. 

By using an iron-oxide catalyst in place of cobalt, 
and operating at a higher temperature and pressure, 
it is possible to obtain a greater yield of good quality 
motcr spirit with only a small percentage of Diesel 
oil or wax. The catalyst is used in powdered form, 
and recent experiments have been made with what is 
known as a “ fluidised’’ bed of the catalyst. The 
synthesis gas is forced upwards through the bed, 
producing in the catalyst a condition of turbulence 
which closely resembles that of a liquid. This condition 
can be demonstrated in a striking manner by passing 
air upwards through fine granular material, such as 
sand, contained in a funnel or other convenient vessel. 
At a certain air velocity, waves form on the surface of 
the sand, heavy objects sink and light ones float, and 
if the vessel is tilted, the surface of the sand will 
remain horizontal; “splashes” are even formed if a 
heavy body is dropped into the sand from a height. In 
the Fischer-Tropsch process, the “ fluidised ” sag 
has the advantage of giving a high rate of heat transfer, 
and as the catalyst can be cooled by circulating water 
through vertical tubes in the reaction chamber, the 
output of the plant for a given volume of reaction space 
can be increased up to more than 15 times that of the 
earlier plants. The catalyst, which consists essentially 
of magnetic iron oxide (Fe,0,), deteriorates in service, 
but it can be replaced continuously and the process 
carried on without interruption. 

It may be of interest to mention that “ fluidised ” 
catalysts were used in the United States during the 
war for the production of high-octane aviation spirit 
from petroleum oil by a cracking process. In this 
process, part of the catalyst is carried round con- 
tinuously from the cracking chambér to another 
chamber, in which air is blown through the hot catalyst 
to burn off the deposited carbon. The regenerated 
catalyst is then returned with the gases to be treated 
in the first chamber. A “ fluidised” fuel bed, it may 
be noted, was used in Germany shortly before the war 
for the production of gas from small brown coal. A 
mixture of air, oxygen and steam was passed upwards 
through the fuel bed, keeping it in motion in the 
manner of a liquid. At present, work at the Fuel 
Research Station is being directed to the application 
of the “ fluidised ”-bed technique to the production of 
producer gas and synthesis gas from such low-grade 
fuels as fine coal and coke breeze. 

In conclusion, we should explain that the information 
on which the above article has been based was supplied 
to us by Dr. A. Parker, C.B.E., Director of Fuel 
Research in the Department of Scientific and Industrial 
Research, during a recent visit to the Fuel Research 
Station, Greenwich, where we were able to see in pro- 
gress some of the work referred to in the foregoing. 
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GAUGE FOR MEASURING INTERNAL DIAMETERS. 

















THE COOLING OF HIGH-POWER 
RADIO VALVES. 


A piscussion on “‘ Water-Cooling versus Air-Cooling 
for High-Power Valves” was opened by Mr. J. Bell 
at a meeting of the Radio Section of the Institution of 
Electrical Engineers, on Tuesday, February 15. The 
speaker began by saying that if ordinary tap-water 
had been suitable for cooling high-power valves it 
was unlikely that large air-cooled valves would have 
been developed. In general, however, tap-water was 
unsuitable, as it caused furring and had a high elec- 
trical conductivity. Distilled water had thus to be 
employed, with the complications of large tanks, 
piping and heat exchangers. It was not surprising, 
therefore, that the demand for air-cooled valves had 
originated in connection with mobile equipment, with 
few exceptions, they could now be provided for the 
same ratings as the water-cocled types. 

As regards the factors governing the choice of the 
two patterns, the air-cooled valve operated at the same 
temperature as the water-cooled valve and had the 
same expectation of life. Its anode, which was some- 
what larger, however, had to be fitted with a heat 
exchanger, which added up to 25 per cent. to its cost. 
Weight and handling were of little importance in the 
sizes that had been made so far. The valve user was 
therefore likely to base his choice on a comparison of 
capital and running costs and on the reliability and 
convenience of the system as a whole. The initial 
cost of an air-cooled system depended a great deal on 
the refinements which were provided, but in any event it 
should be considerably below the cost of a water-cooled 
system. Replacements were higher for the air-cooled 
valve, but maintenance charges should be less owing 
to the absence of corrosion, leaks, faulty insulation and 
similar troubles. Renewal of filters, however, had to 
be catered for. There was little to choose between the 
reliability of the two systems, but the following points 
required notice : with the air-cooled system the direction 
of flow had to be decided, as had the question whether 
the hot air was to be discharged into the room or 
outside the building. To secure complete silence was 
costly, while with the water-cooled system care had 
to be taken to avoid corrosion, to prevent aeration of the 
water and freezing. Further, in order to avoid radio- 
frequency losses in the water it must be fed into the 
anode circuit at a point where the potential was zero, 
a complication that did not arise with air-cocling. 
A decisive case, in fact, could not be made for either 
system. Each had its own particular advantages and 
should therefore be treated on its merits for a particular 
application. 

In the discussion which followed the reading of the 
paper, a description was given of a water-cooled system 
which could be installed as a compact unit close to the 
transmitter. Only 150 gallons of distilled water were 
required to cool a transmitter delivering 100 kW to the 
aerial, compared with about 3,600 gallons on the old 
system. The system was completely sealed off from 
the atmosphere, the space above the water in the 
expansion tank being filled with nitrogen to eliminate 
the deposits usually caused by dissolved oxygen. The 
water-circulating pump and the fan driving the air 
through the cooler gave the system considerable flexi- 
bility and, if necessary, both could be thermostatically 
controlled. During the past ten years or so the rating 
cf water-cooling systems had risen from 250 watts to 
2,000 watts per square inch of active anode surface, 
while air-cooling over the same period had progressed 
from 20 watts to 400 watts per square inch. Being a 
comparatively young art, it might be expected to show 
still further improvement. In general, the opinion of 
the meeting was that air-cooling would continue to be 
most advantageous in low-powered mobile equipment, 
while modern water-cooling systems were still in a very 
strong position for high-power fixed stations. The 
border-line region was indefinite, but was probably 





Doubtless, more complete data will be published later. 
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GAUGE FOR INTERNAL 
DIAMETERS OF CYLINDERS. 


Messrs. Grorce H. ALEXANDER Macutnery, 
Lim1TED, Coleshill-street, Birmingham, 4, have recently 
developed a new form of adjustable gauge for measur- 
ing or comparing internal diameters or the distances 
between two parallel faces when there is an intervening 
obstruction, as, for example, a lapped bore with a 
honing spindle in position in the work, or the ways 
of a machine tool with a lead-screw in between. The 
gauge, known as the A-B type, is shown in the accom- 
panying illustration. It is intended primarily for use 
in honing operations, when, as the finished size is 
approached, it enables bore diameters to be checked 
and trial measurements to be made without with- 
drawing the hone. The frame is of cast Duralumin, 
and is approximately arc-shaped (as in the case of an 
ordinary micrometer) in order to clear central obstruc- 
tions, and to allow the anvil or feelers to make contact 
with the work across a diameter. A short handle in 
the form of a hexagonal rod is screwed into the frame, 
which is provided with a machined slot and slide for 
securing an adjustable bracket ; to this is screwed and 
dowelled a hardened and ground gauge plate. At the 
other end of the frame is a lap spindle on which 
are mounted two ball-ended levers. One of these 
serves as a feeler or movable anvil, while the other 
makes contact with the spindle of a dial indicator 
attached to the frame. The gauge plate has a rounded 
edge, which terminates on one side in two small pro- 
tuberances; these form fixed anvil points, and, 
together with the movable anvil, provide three-point 
contact with the work. The bracket is correctly 
aligned by means of a steel tenon, which sets the 
measuring axis in line with the central axis of the 
gauge plate and the movable anvil. For checking a 
bore diameter, the gauge plate anvils are first held 
against the arc of the bore so that the axis of measure- 
ment lies along a diameter, the length of which is 
found by gently rocking the instrument to find the 
minimum reading. 

The bracket, as shown in the illustration, is offset 
from the frame and, in the standard instrument, its 
position along the slot can be adjusted to cover measure- 
ments between 3{ in. and 6§ in., thus making the gauge 
suitable for most sizes of heavy-vehicle cylinder liners. 
The standard instrument is designed to clear boring 
bars or central obstructions up to 14 in. in diameter; 
the gauge plate, however, can be readily changed, and 
replaced by another allowing larger diameters to 
be cleared. 

When measuring between two parallel surfaces, 
the two fixed anvils on the gauge plate ensure that 
the gauge sets itself at right-angles to one of the 
faces, so that the true perpendicular distance between 
them is measured. Somewhat different designs have 
been prepared for the measurement of diameters below 
3} in. or above 6§ in. ; for these, patents are pending. 





ROYAL AERONAUTICAL Socrety.—A Division of the 
Royal Aeronautical Society has now been formed in 
South Africa. Its functions will be identical with those 
of the Divisions established in Australia and New Zealand 
in October, 1948. The new Division will have power to 
form branches of the Society, similar to those constituted 
in Great Britain. Members of the Division will be full 
registered members of the Society and the Division will 
have power to act, in most respects, exactly as the parent 
body in London. The only important exception is the 
actual election of members as Associate Fellows. In 
order that a consistent standard may be maintained 
throughout the world, all such technical members will be 
elected by the Royal Aeronautical Society in London. 
In other directions, however, the Division will follow its 
own activities in the ways best suited to the country and 





local conditions. 
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FUELS FOR UNDERFEED STOKERS.* 


A Report has been prepared by the Underfeed 
Stoker Makers’ Association, which includes manufac- 
turers of both screw and ram-type stokers, as a guide 
to consumers on the type of coals which can be used with 
underfeed stokers, and those which are not recom- 
mended. The stoker makers desire to emphasise 
that there is no reason to use only graded fuels with 
the great majority of stokers supplied in this country. 

There are certain physical features which affect all 
mechanical stokers, namely, the upper limit of size, 
which determines whether or not they can be delivered 
through the feed mechanism ; caking properties; and 
the proportion of fines and limit of moisture content. 
It is obviously useless to feed to a stoker mechanism 
coal which is initially larger than the feed-tube aperture. 
This limitation is not exclusive to the underfeed stoker, 
but applies to all mechanical firing equipment not 
provided with pre-crushers. With stokers up to 20 lb. 
per hour, the top size should be limited to } in.; up 
to 150 lb. per hour, 1 in. ; up to 350 Ib. per hour, 1} in. ; 
and over 350 Ib. per hour, 2 in. Depending on the type 
of the fuel, a certain amount of oversize can be per- 
mitted, as the feed mechanism will break it down 
satisfactorily. 

Coals with slight or medium caking om can 
be handled without trouble, but strongly caking and 
excessive swelling coals are not suitable when fired 
alone. Non-caking high-volatile coals are suitable, but 
low-volatile non-caking coals, such as anthracite, 
should not be used. Recommended coals should have 
an agglutinating value of between 5 and 8. It is the 
limitation of fines which has apparently caused the 
greater confusion as regards coal supplies. The stoker 
makers therefore wish again to emphasise that they are 
not in any way tied down to graded coals. The per- 
centage of fines that can be tolerated is determined by 
the caking power of the coal used and by the furnace 
conditions. The upper limitation on the proportion 
of fines is also determined by the free moisture content 
of the fuel. Coals containing over 40 per cent. fines 
and over 10 per cent. free moisture are not recom- 
mended, and, if they have a moisture content in excess 
of this, the proportion of fines should not exceed 25 per 
cent. 

The following table represents a fair average guide 
to the percentage of fines—O to 4 in. mesh—that is 
considered permissible with underfeed stckers, when 
using bituminous or semi-bituminous coals. The 
proportion can be largely increased in many cases. 
Class of Fuel. 








-—— |  Non-cokingor Moderate 
| Very Weakly Cak-| _Caking, 
ing, Percent. | Percent 

Recommended fuels : | | 
Stokers up to 100 Ib. | 
per hr. o% ee 20 30 
Stokers over 100 Ib. per | 
hr. ps ire oul 25 | 40 
AGtokers v D to 100 Ib 
ers W ° 
hr. fl aie vse 15 20 
Over 100 Ib. perhr. .. 20 30 





“Recommended” fuels include those which are 
free-burning, with moderate ash content. ‘“‘ Acceptable” 
fuels are those which are more difficult to burn, thus 
requiring greater attention by the fireman, but which 
can be used when “recommended” fuels are not 
available. The types of fuel are as follows. 

Anthracite: non-caking (coke t A), volatile 
matter less than 10 per cent. (dry ash- basis); and 
low-volatile steam coals. Dry steam coals: non-caking 
(coke type A-B), volatile matter 10-0 to 13-5 per cent. 
(d.a.f. basis). Except in an emergency, these coals 
should not be burnt in most underfeed stokers, unless 
they are mixed with bituminous or semi-bituminous 
coals. The percentage of these coals that can be used 
depends on the characteristics of the two types that 
are mixed. Using anthracite grains or peas, some 
30 to 40 per cent. can be used with bituminous coals. 
Anthracite duff 0 to } in. should not be used. Mixtures 
are not always suitable for applications, such as high- 
temperature furnaces, where difficulties with clinkering 
may be expected ; nor should such mixtures be recom- 
mended to users who are unable to appreciate that a 
certain amount of extra work may be involved. 

Sub-bituminous coals: coking steam coal—weakly 
caking (coke type C-G), volatile matter 13-6 te 15-5 
per cent. (d.a.f. basis). These coals are usually too 
“dry” for use in underfeed stokers, but specially 
selected coals such as Phurnod and Ocean coals, or 
mixtures of these qualities with coals of higher volatile 
content, give satisfactory results. 

Semi-bituminous coals : — steam nee eens 
caking (coke t; G,-G,) volatile matter 15-6 to 17-5 
per = (dat basis). These coals, including Welsh 





* Report by the Underfeed Stoker Manufacturer’s 
Association. Abridged. 
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“* navigation ’’ coals, may be used in underfeed stokers, 
though their caking properties may cause a drop in 
the rated output of the boiler. They are also suitable 
coals for mixing as described above. 

Bituminous 1: coking steam coal—strongly caking 
(coke type G,-G,), volatile matter 17-6 to 20-0 per cent. 
(d.a.f. basis). These coals are generally not suited for 
underfeed stokers. 

Bituminous 2: coking coals—very strongly caking 
(coke type G, and over), volatile matter 20-1 to 30-0 
per cent. These are the metallurgical coking coals of 
the Durham and South Wales type, and are troublesome 
in underfeed stokers, depending on the degree of their 
caking properties. In general, Durham coals mined 
from pits near the coast are more suitable than those 
obtained from pits farther inland. Certain Stafford- 
shire and Forest of Dean coals present similar diffi- 
culties, and a drop in the rated output of the boiler 
may be expected. 

Steam coals: weakly and medium caking coals— 
(coke type E-G,), volatile matter 37 per cent. or less 
(d.a.f. basis). These coals are the types most generally 
used in underfeed stokers and include coals from 
Scotland, Northumberland, Yorkshire, the Midland 
fields, etc. 

Coke and coke breeze : except in an emergency, coke 
and coke breeze should not be recommended. However, 
straight gas coke or low-temperature coke in the form 
of beans, peas or dust-free breeze, can be used in 
underfeed stokers under certain conditions. Due to 
the abrasive properties of the fuel the rate of wear of 
the coal tube and screw or ram may be comparatively 
rapid, and it should not be used in —— stokers because 
of the high ash content. It is preferable to mix in 
50 per cent. of bituminous coal on volume, slack or 
graded, in order to reduce the wear to a minimum. 

Opencast coal: opencast coal, screened through 
2-in. mesh, has become available for stoker firing in 
increasing quantities. Such coals are suitable for the 
majority of stoker-fired installations provided that 
their fines, ash and moisture content are not excessive. 
Opencast coal tends to vary widely in quality—much 
depends on site and weather conditions, apart from the 
coal itself. Owing to its friable nature, oversize lumps are 
usually crushed quite easily by the feed screw or ram. 

The maximum permissible percentage of ash depends 
largely on the type and duty of the installation and 
the amount of attention that the operator can give to it. 
In general, it is desirable that automatic stokers with 
capacities of less than 350 lb. per hour should not be 
run with coal exceeding 8 to 10 per cent. of ash; on 
the larger stokers in the industrial class, the ash should 
normally be limited to 12 to 15 per cent. Generally 
speaking, an ash fusion point of not less than 1,250 deg. 
C. gives the best results, but this depends on the 
temperature of the furnace. 

The moisture content has importance inasmuch as 
excessive moisture content may cause arching in the 
hopper, especially with small-coal blends, using un- 

ed coal in wet condition. As a rough guide, 
maximum moisture content with }-in. smalls should not 
exceed 10 per cent., and with 1-in. smalls or larger, 
12 per cent., as delivered. 

The stokermakers have successfully demonstrated 
over a considerable period that fuels conforming to the 
data given above can be used in underfeed stokers. 
It is maintained that the present labour shortage would 
be materially alleviated by the more extensive use of 
mechanical firing by the Services, in Government fac- 
tories and industrial and heating installations. Further- 
more, there is a saving of coal by the use of mechanical 
stoking as compared with hand firing. Savings up to 
15 per cent. of the weight of coal burned are possible 
in most cases. 





THe RoyaL AERONAUTICAL SocrETy.—The annual 
garden party of the Royal Aeronautical Society will be 
held on Sunday, May 8, at White Waltham Aerodrome, 
near Maidenhead, by permission of the Ministry of 
Supply and the Fairey Aviation Company, Limited. 
Further particulars will be available shortly. 





RaDIO FREQUENCY-ALLOCATIONS CHART.—A useful 
wall chart, showing the frequency allocations decided at 
the Atlantic City Conference of the International Tele- 
communications Union in 1947, has been issued by 
Standard Telephones and Cables, Limited, Connaught 
House, Aldwych, London, W.C.2. On this chart, the 
various services, such as aeronautical, radar and broad- 
casting, are arranged in separate vertical columns 
according to the frequencies used. The latter, 
ranging from 10 kilocycles to 10,500 megacycles, and 
those employed by any particular service are shown as 
black blocks. To find all the frequencies allotted to a 
particular service it is therefore only necessary to look 
down the appropriate column. Similarly, the services 
associated with a particular frequency can be found by 
looking across the columns. The chart, the price of 
which is 3s. 9d., post free, is completed with appropriate 
notes fromm the Conference Handbook. 
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IMPROVED MANUFACTURING 
METHODS AT CREWE LOCOMOTIVE 
WORKS. 


In a paper, “Some Developments in Locomotive 
Workshop Practice, 1939-1948,” read before the Insti- 
tution of Locomotive Engineers on Wednesday, 
March 16, Mr. I. C. Forsyth, M.I.Loco.E., reviewed 
the improved manufacturing methods which have 
been adopted at Crewe Works during recent years. 
Someare already familiar in engineering works generally, 
but others, which are summarised here, are more or less 
peculiar to locomotive works. The normal method of 
removing steel firebox stays previously consisted in 
chipping off the end of the stay, flush with the copper 
firebox plate, centring it, drilling it, and finally break- 
ing up the remainder with a pneumatic hammer. In 
1947, equipment was introduced for removing the stay 
from the copper plate by the oxy-are process. A 
hollow electrode is used; the operator strikes an arc 
on the end of the stay and then burns out the stay 
by admitting oxygen through the electrode. The 
process is stated to have effected a reduction of approxi- 
mately 20 per cent. in both time and cost required 
for the removal of steel stays from copper fireboxes. 
The boiler is turned upside down to facilitate the 
dispersal of fumes, and the operator wears a respirator. 

mprovements have been introduced in the welding 
of new sections in fractured locomotive frames. The 
standard method for welding w -shaped sections 
was described by Mr. E. 8. Cox and Dr. F. C. Johansen 
in a paper read before the Institution of Locomotive 
Engineers on November 12, 1947. At about that time, 
a number of class-5X parallel-boiler 4-6-0 locomotives 
were being converted to class-6 taper-boiler engines ; 
new cylinders were to be fitted and the front section 
of the main frames was to be modified. The new main- 
frame sections were fully machined prior to welding ; 
the bolt holes in the frame plates and cylinders were 
drilled with the aid of a jig. The new sections were 
then welded to the shortened old frames. The accuracy 
in the length of the finished frames was very satis- 
factory ; the left-hand frame was only 0-003 in. too 
long, and the right-hand frame was standard. As a 
result, it was decided to attempt welding vertically-cut 
(instead of wedge-shaped) frame sections, which were 
already fully machined and fitted with hornblocks, 
spring brackets, etc. This proved to be entirely satis- 
factory and is now accepted practice. It reduces the 
time that main frames remain on repair berths. 

During the war, a committee was set up by the 
chief mechanical engineer to standardise the various 
limits and fits which were then in use in the company’s 
locomotive works, so that interchangeability of com- 
ponents could be achieved, and the amount of fitting 
required in assembling could be reduced to a minimum. 
As a result, a complete standard of limits and fits for 
locomotive work was published, and has been adopted 
in the several locomotive works. At Crewe, it was 
necessary to alter 9,000 existing gauges and manu- 
facture nearly 600 new gauges. 

The steel foundry contains two Sesci rotary pul- 
verised-fuel furnaces, each of 5-ton capacity, which 
give two heats per furnace per day, using scrap steel 
from the works. They were installed in 1935, and 
considerable difficulty was experienced at first in 
providing a furnace lining which would withstand more 
than about 30 heats. Experiments were made with 
various refractory materials, until, in 1945, success 
was achieved with a technique of “ fritting,” using 
ordinary quarried silica sand as the “ fritting ’’ agent 
instead of the costly proprietary refractories formerly 
purchased for that purpose from abroad. Each lining 
now lasts from 350 to 400 heats.* 

The use of hot-sunk dies in conjunction’ with the 
pneumatic hammer, for the manufacture of forgings in 
quantities which are too small to justify the cost of 
normal die sinking has been developed with most 
profitable results. A sample forging is first made in 
steel; it is then placed between a pair of heated die 
blanks which are hammered until the impression of 
the forging is sunk into the blanks, thus forming die 
blocks. A little hand trimming is all that is required 
to complete a set of dies suitable for producing small 
quantities of forgings, such as connecting-rod and 
coupling-rod oil-well covers, vacuum control-regulator 
lever ends, small chain hooks, etc. 

The erecting shop has been equipped with stationary 
welding transformers and tors, and with a 
system of *bus-bars and outlet sockets, which replace 
the portable and semi-portable motor-generator and 
transformer types of welding machines. Five six- 
operator 300-ampere welding transformers and 21 
300-ampere regulators have been installed throughout 
the shop. The transformers supply a 100-volt *bus-bar 





* See also ENGINEERING, vol. 155, pages 257 and 279 
(1943): in a paper submitted to the Iron and Steel 
Institute, Mr. F. A. Lemon and Dr. Hugh O’Neill stated 
that 226 heats was then the record. 
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system, the *bus-bars running the full length of each 
bay, feeding one- or two-way outlet sockets every 
28 ft. with single-phase current. The sockets and 
regulators are painted with phase colours so that, by 
allowing no more than two regulators of the same 
colour to be used in any one bay, overloading is 
avoided. The roof columns and crane-runway girders 
are used for the return part of the circuit. The erecting 
shop has also been equipped with high-frequency 
electric drilling and grinding machines which can be 
connected to 172 outlet sockets mounted on the roof 
columns. Mr. Forsyth also stated that approximately 
350 new fixed machine tools have been installed 
during the past ten years, and about 500 cast-steel 
cylinders have been produced successfully since 1946. 





THE ‘“* MEGGER” EARTHOMETER 
TESTER. 


For many years, official regulations have laid 
particular stress on the need for the efficient earthing 
of electrical plant both at substations and at con- 
sumer’s premises. The purposes of good earthing are 
firstly to ensure that, in the event of an insulation 
fault, apparatus normally “ dead ”’ shall not attain a 
dangerous potential above or below earth, and secondly, 
when “solid” earthing is used, to allow sufficient 
current to flow to enable the protective gear, such as 
fuses and circuit-breakers, to operate and isolate the 
faulty circuit. To fulfil this second condition the 
impedance of the complete earthing circuit (i.e., the 
circuit in which the leakage current would flow in 
the event of an earth fault), must be kept low, the 
maximum permissible value depending upon the 
supply voltage and current rating of the protective 
gear in use. Where this current rating is high, it may 
even be impossible to obtain earth electrodes of low 
enough resistance to earth to permit sufficient current 
to flow, and in this case some other form of protection 
must be employed. 

In the interest of safety it is therefore necessary to 
examine the efficacy of earthing at the time of instal- 
lation and at regular intervals thereafter. For many 
years such tests have been carried out by various 

tterns of the Megger earth tester manufactured by 
Mess essrs. Evershed and Vignoles, Limited, Acton-lane 
Works, Chiswick, London, W.4. This instrument not 
only measures the resistance to earth of earth plates, 
tower footings and other metal structures embedded 
in the ground, but also, with certain precautions, the 
impedance of the complete earth circuit. 

Some years ago, Messrs. A. Reyrolle and Company, 
Limited, Hebburn-cn-Tyne, devised an instrument 
which they called an “earthometer.” This instru- 
ment operated from the alternating-current supply and 
measured the impedance of the complete earthing 
circuit, including the resistance to earth of the earth 
electrodes at both the substation and at the con- 
sumer’s premises. It used the neutral conductor of 
the cable in place of a live conductor, it being assumed 
that the impedance of both conductors would be 
normally equal. Subsequently, by arrangement with 
Messrs. A. Reyrolle and Company, Messrs. Evershed 
and Vignoles undertook to manufacture a new instru- 
ment which enabled this test of the complete earthing 
circuit to be carried out. This instrument is the Megger 
earthometer tester. 

The instrument is similar in appearance and in 
operating principle to the Megger earth tester. It consists 
of a hand-driven generator and a direct-reading moving- 
coil ohmmeter, mounted together in a case of cast 
aluminium. On the shaft of the generator are mounted 
two rotary commutators arranged so that direct-current 
passes through the coils of the ohmmeter, whereas 
alternating current is supplied to the test terminals. 
As earthometer tests are carried out with the circuit 
alive, the instrument contains a live line detector in 
the form of a neon lamp situated in the top of the 
case. A press-button switch short circuits this lamp 
while a measurement is being made. The normal 
instrument has three terminals, but instruments re- 
quired for measuring the specific resistance of soils 
have four terminals. 

To test the impedance of the complete earthing 
circuit, one terminal is connected to the frame of the 
consumer’s apparatus, and the other two terminals 
are joined together and fitted into cne pole of a plug 
or one pole of a lamp adaptor. The power is switched 
on and if the neon lamp lights, the plug or adaptor 
must be reversed. The switch button may then be 
pressed, and if the generator handle is turned, the 
impedance of the complete earth circuit can be read 
on the scale of the instrument. To test the resistance 
to earth of an individual earth electrode, the fourth 
terminal is connected to the electrode under test and 
two other terminals to two spikes driven into the 


ground. The switch button may then be pressed, and 
if the generator handle is turned, the resistance of 
the electrode oan be read directly on the scale. A 


LABOUR NOTES. 


Proposats for a wage structure in the engineering 
industry have been given preliminary consideration by 
the general council of the Confederation of Shipbuilding 
and Engineering Unions and the unions affiliated to the 
Confederation have been asked to submit their views. 
The Transport and General Workers’ Union regards 
the document in which these proposals are embodied 
as requiring considerable modification before it can 
be accepted as a basis for presentation to the engineering 
employers. 





The desirability of revising the negotiating procedure 
in the engineering field has been raised in various 
sections of the industry at different times and the metal 
and engineering group of the Transport and General 
Workers’ Union reports that proposals have now been 
drawn up for submission to the employers. These 
provide for the establishment of a Central Council with 
a constitution and functions similar to those possessed 
by joint industrial councils. The group feels that such 
a Council should constitute a considerable improvement 
on the present method of conducting negotiations and 
dealing with disputes. 


Increases, totalling approximately 68,0001. weekly, 
were added to the full-time wages of some 450,000 
workpeople in the United Kingdom during January, 
compared with December, when about 159,000 persons 
received increases in their full-time wages estimated to 
amount to 33,0001. weekly. The Ministry of Labour 
Gazette reports that those who benefited from the 
January increases were distributed over a large 
number of trades and industries. Persons employed 
in many sections of the iron and steel industry received 
small increases resulting from sliding-scale arrange- 
ments based on the index of retail prices. War-bonus 
increases of ld. an hour for men and 3d. an hour for 
women were granted in the vehicle-building industry. 
The war bonuses of men and women employed in 
wire-rope and in iron- and steel-wire manufacture 
were increased by 3s. and 2s. 3d. a week respectively. 
About 29,000/., out of the total weekly increase of 
68,000/., resulted from direct negotiations between 
employers and workpeople, or their representatives. 
Increases totalling 14,0001. were due to agreements for 
sliding-scale payments based on the retail-prices index. 





Approximately 10,000 employees had their hours 
of work reduced during December. For the most 
part, they were persons engaged in the flax-processing 
and rubber-reclamation industries and their normal 
working week was reduced from 48 hours to 45. The 
only change in the standard weekly hours of work which 
came into force in January was among shoe and slipper 
operatives in the Rossendale Valley ; their hours were 
reduced from 464 to 45. Work performed outside 
these hours will, in future, be entitled to payment at 
overtime rates. 





The Ministry of Labour index of rates of wages for all 
classes of employees combined rose by one point 
during January to 108, the highest attained since the 
index came into being on June 30, 1947, wages at 
which date are taken as 100. The rates for the separate 
classes of men, women, and juveniles remained station- 
ary at their December levels of 107, 109 and 110, 
respectively. The index covers a wide range of indus- 
tries and services and is based on recognised rates of 
wages as fixed by collective agreements, arbitration 
awards and Statutory Orders. The relative importance 
of these industries and services is governed by their 
positions in the United Kingdom’s total wage bill for 
1946 and the percentage of increase in each is combined 
accordingly, to give the current index figure. 





There was no change in the index of retail prices 
during the period ending in mid-January, the figure for 
all items being 109, at which level it has remained since 
mid-November. For food only, the index figure also 
remained stationary, in this case at 108, having reached 
that level in mid-October. The highest figures recorded 
since the index came into operation on June 17, 1947, 
which is taken as 100, were in mid-June last year, 
when all items stood at 110 and food only at 113. 





Industrial disputes occurring in January were 
more numerous than in the preceding month. The 
total stoppages in progress during January numbered 
117, in which 54,400 persons were concerned and 
115,000 working days were lost, compared with 108 
stoppages in progress during December, when 12,900 
persons were involved and 30,000 days lost. The 
comparative figures for January, 1948, were 182 dis- 
— with 32,600 workpeople involved and 82,000 days 

Of the 112 disputes which commenced in January, 
no less than 63 occurred in the coal-mining industry. 





series of tests can thus be quickly made. 





These strikes caused the loss of 57,000 days and 


involved 16,900 miners. The metal, engineering and 
shipbuilding group of industries was responsible for 
two stoppages which were in progress at the beginning 

of January and for a further 24 disputes commen 4 
during that month, making 26 in all. In these, 27,000 
days were lost and 5,600 workpeople involved. The 
seven strikes which commenced in the transport 
industry during January caused 25,000 days to be lost 
by 29,400 persons. 





A request was made recently by the Union of Post 
Office Workers that the Post Office should limit wage 
increases and other benefits, conceded by the Depart- 
ment as a result of claims presented by the union, to 
members of the union alone. The Post Office, in 
announcing its complete rejection of the union’s demand 
states that what the Union of Post Office Workers is 
asking the Department to do is to pay certain peopie 
less than the rate for the job. This, the Department 
adds, seems to be a grave breach in a well-established 
principle. 





A claim that the five-day week in the shipbuilding 
industry should be worked all the year round was made 
by the Transport and General Workers’ Union at a 
recent conference with the Shipbuilding Employers’ 
Federation. At present, the five-day week in the 
industry is operated only during the period from March 
to October. The union also asked that the national 
minimum time rate for labourers in the industry 
should be increased from 90s. weekly to 92s. A further 
claim submitted by the union was that a second week’s 
holiday with pay should be granted annually. The 
union’s Record for March reports that all these claims 
are under consideration by the employers and that the 
union is hoping to receive their replies shortly. 





The demand of the miners in Cheshire, Cumberland 
and parts of Lancashire for concessionary coal will be 
discussed before Lord Porter, at a meeting of the 
National Reference Tribunal in London to-day, under 
clause 16 of the national conciliation agreement for the 
coal-mining industry. Although the National Coal 
Board and the National Union of Mineworkers agreed 
that the claim should be submitted to arbitration, they 
were unable to agree on which arbitrating body should 
act. A special delegate conference of the Lancashire 
area of the union, held in Bolton last Saturday, decided 
that the men’s claim for seven tons of concessionary coal 
a year to “ each househclder or bread-winner ”’ should 
be pressed vigorously. A statement issued after the 
meeting declared that, while the delegates were anxious 
to avoid any unconstitutional action, the strike vote 
in the coalfield registered a week previously would be 
operated unless a solution was found quickly. 





The first of the teams of British personnel appointed 
to study productivity problems in the United States 
under the auspices of the Anglo-American Council on 
Preductivity arrived in New York last Monday. This 
team is drawn exclusively from the steel-founding 
industry, and was met on arrival by Mr. William A. 
Kimbel, field director of the Economic Co-operation 
Administration, who will give technical advice to the 
team. He stated that the British steel founders will 
study modern production methods at some of the most 
efficient and best equipped foundries in the United 
States. Most of the past week has been spent in 
technical talks and making detailed plans for their 
tour, which is expected to last a little over six weeks. 
Visits will be paid later to foundries in New Jersey, 
Chicago, Milwaukee, Dearborn, Detroit and Phila- 
delphia. The team expects also to visit Windsor, 
Ontario, and to discuss productivity matters in Wash- 
ington with representatives of the United States 
Government and the Economic Co-operation Adminis- 
tration. 





The traffic receipts of the British Railway Executive 
and of the London Transpcrt Executive fell appre- 
ciably during the first eight weeks of this year, as 
compared with the similar period in 1948. Traffic 
receipts for British Railways, during the eight weeks 
ended February 27, 1949, totalled 45,930,0001., as 
against 47,621,000/. for the eight weeks ended Feb- 
ruary 22, 1948. Receipts from passenger fares alone 
declined from 14,852,0001. during the 1948 period to 
only 13,175,000. during the 1949 period. For the 
four-weekly period ended February 27, 1949, the total 
traffic receipts were 23,362,0001., compared with 
24,004,0001. for the four-weekly period ended Feb- 
ruary 22, 1948, a fall cf 642,000/. Traffic receipts for 
the London Transport Executive aggregated 8,369,0001. 
for the eight weeks ended February 27, 1949, as 
against 8,477,000/. for the four weeks ended Febru- 
ary 22, 1948. Traffic receipts from each of the Execu- 
tive’s services, railways, *buses and coaches, and trams 








and trolley-’buses, had all declined. 
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PUMP 
WITH HYDRAULIC GOVERNOR. 


FUEL-INJECTION 


For some years prior to the recent war, Messrs. 
C.A.V., Limited, Acton, London, W.3, were engaged 
on the development of an improved injection pump 
and a new t of governor. This project had to 
be suspend "nies the war, as their research staff 
was aoa on other problems, such as the develop- 
ment of fuel and control systems for jet-propelled 
aircraft. The work, however, was resumed on the 
cessation of hostilities, and recently the firm announced 
the introduction of a new range of injection pumps and 
« hydraulic governor. At present the range includes 
pumps having from two to six elements, the diameters 
of which vary from 5 to 10 mm.; the elements, how- 
ever, have the same external dimensions and are 
interchangeable between any pump housing. The 
stroke is the same for all pumps and the maximum 
speed, when using a cam pi suitable for direct- 
injection four-stroke engines, is 1,500 r.p.m. 

The new pumps have been designated the N type, 
and @ six-element pump is illustrated in Fig. 1, on 
this page, and in Fig. 6, on page 262, from which it will 
be seen that, apart from the governor casing, it is 
similar in appearance to previous models. The hous- 
ing consists of a die casting in L8 aluminium alloy, 
which is drilled so that the governor can be fitted at 
either end, the governor speed stops and control lever 
ry, i so that they can yn either 
side of the governor. Filat- fixing is employed, the 
pump being secured at the front by two bolts which 
Sa lugs incorporated in the base, while two 
urther belts at the rear through bosses extendi 
the full di th of the houting, percent ype 
ported by nd inthght the magneto ype, the bear- 
ings being located in light-alloy end caps bolted to the 
casing. pumping elements employ the same prin- 
ciple as in earlier C.A.V. pumps, but they are of 
stronger construction, bei hem in depth and larger 
in diameter. The fuel is fed to each element from a 
common gallery, and the effective stroke of the elements 
is varied through control helices on the plungers in the 
usual way. 

The tappet construction has been lightened, but at 
the same time the bearing areas have been increased. 
The method of guiding the tappets also has been im- 
proved, a hardened-steel set screw now being secured 
to the housing and engaging a slot in the tappet 
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@ transverse cross-section through the complete pump. 
The method by which pump plungers are adjusted 
for vertical position has been altered considerably. 
Previously this was effected by tappet screws 
lock nuts, a method which vette Be considerable skill 
on the part of the operator. On the N-type pump, 
this adjustment is carried out by shims which are 
inserted between the top of the tappet and the spri 
plate. This ent can be seen in Fig. 2 and also 
in Fig. 3, which shows an enlarged view of the spring- 
plate and tappet assembly. It will be seen that the 
top of the tappet body a is counterbored to accept a 
spigot formed on the underside of the spring plate b. 
The shims are inserted between the tappet and the 
spring plate, as shown at c in Fig. 3, and it will be 
appreciated that variation in the thickness of the shims 
automatically affects the setting of the point of 
commencement of injection. The shim has a nominal 
thickness of 1 mm., but a range of shims is available 
having thicknesses varying from 0-7 mm. to 1-30 mm., 
by increments of 0-1 mm. By inserting a shim of the 
required thickness, it is possible to phase any pump 
within a total error of 0-5 deg. of camshaft angle. 
As previously mentioned, the effective stroke of the 
elements is varied through control helices on the 
lungers in the same manner as on previous pumps. 
e calibration adjustment, however, has been re- 
designed and involves the use of helical teeth on the 
sleeves which rotate the pump plungers and on the 
woes control rack. This method can be 
descri best with reference to Fig. 4, which shows 
part of a single pumping element. It will be seen 
that the pump plunger a is fitted with a lug which 
engages a slot formed in the sleeve 6. The latter 
surrounds the pump barrel c and is provided at its 
upper end with a quadrant d having helical teeth 
which mesh with similar teeth formed on the control 
racke. It will be realised that movement of the control 
rack in an axial direction as viewed will rotate the 
quadrant and, therefore, the pump plunger a, thereby 
varying the point at which injection of the fuel is 
cut off. Due to the action of the helical teeth, however, 
vertical movement of the quadrant will cause it to 
rotate also but without ing axial displace- 
ment of the control rack e, thus allowing the point of 
cut-off for each pumping element to be varied individu- 
ally and without disturbing the adjustment of the 
elements as a whole. The vertical adjustment of the 
quadrant is effected by the calibrating screw f, the head 
of which is in the form of a disc. The edge of the disc 
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the screw causes the quadrant to be raised or lowered 
according to the direction of rotation. Obviously, a 
separate screw must be provided for each quadrant, 
and as will be seen from Fig. 1, they are supported 
by a bar which extends along the length of the pump. 
The supporting bar is lettered g in Fig. 4, from which 
it will be seen that the screws are locked in position 
by the usual form of lock nut. 

Altho the phasing and the balancing of the 
individual pumping elements can be adjusted to 
within exceptionally fine limits by the methods just 
described, it has been ascertained that improved 
output balance can be obtained over a wide range 
of speeds and loads if the pressure conditions at the 
inlet to the pumping elements can be kept constant. 
The N-type pumps, therefore, will be fitted with the 
C.A.V. diaphragm feed pump, which maintains practi- 


and | cally a constant pressure in the injection pump inlet 


gallery. Nevertheless, in many cases the balance of 
output, although of a high order when the pump leaves 
the factory, is found to deteriorate in service, and 
almost invariably this has been brought about by 
abrasion of the pumping elements due to the entry of 
dirt into the fuel. The necessity for efficient fuel 
filtration on oil engines is well known and it is common 
practice to fit a filter in the fuel line between the tank 
and the injection pump. This arrangement is satis- 
factory so long as dirt is not allowed to enter the 
system when the filter is dismantled for cleaning ; if, 
however, it is deposited on the output side of the filter 
the injection-pump plungers are liable to be damaged. 
In order to obviate this, the N-type pump is provided 
with a final filter, which is fitted within the pump 
housing ; it can be seen in Fig. 2, where it is lettered b. 
The filter consists of a series of felt pads, the number 
of which depends on the size of pump. On the six- 
cylinder pump illustrated, three felt are used, 
each serving two elements. It should be empha- 
sised that the built-in filter is not intended to replace 
the filters in the external fuel line, but is fitted purely 
to safeguard the pump. For this reason it is located 
80 that it cannot readily be dismantled until the pump 
is removed from the engine, the capacity having been 
designed so that the need for cleaning or replacement 
only occurs at mileages greater than those at which 
major overhauls usually are carried out. 

It will be realised from the foregoing that, although 
several refinements and detailed improvements are 
incorporated in the N-type pump, it is generally similar 
to its predecessors. The same, however, cannot be 
said for the new hydraulic governor, as this represents 
a complete departure from previous C.A.V. practice. 
The new governor, which has been designated the 
H-type, has been designed essentially for controlling 
variable-speed oil engines having a apes up to 
two litres per cylinder. It is of the all-speed type, 
and enables the engine speed to be maintained at any 
given value between idling and this maximum revolu- 
tions. The governor uses the fuel oil as drawn from 
the injection pump as its operating medium and is 
designed so that it can be fitted to either end of the 
injection pump. The maximum-fuel is fitted 
in a separate housing mounted on the end of the 
pump remote from the governor, this housing also 








t body 
instead of projecting from the ta body as hitherto. 
Fig. 2, which shows 


One of the set screws lettered a 


engages a slot formed in the quadrant so that rotation of 





incorporating an excess-fuel device for starting- the 
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engine. The governor employs the well-known prin- 
ciple that when a fluid is discharged through an 
orifice, a pressure occurs which varies as the 
square of the rate of flow. The method by which 
this principle is applied to the governor is best illus- 
trated by Fig. 5, on page 261, which shows, in dia- 

tic form, a simple hydraulic governor. A 
continuous discharge, positive displacement pump 
circulates fuel oil through an orifice a drilled in the 
piston 6, which is arranged to make contact with the 
stem of a spring-loaded valve c. Assuming the pressure 
of the oil before passing through the orifice is P, 
and the pressure on the other side of the piston P,, 
the pressure drop through the orifice will be P, — P,. 
P,, however, d ds on the force exerted by the 
spring on the valve c and the extent by which 
this load is relieved by the pressure on the piston. 
Assuming that the closing force of the spring is S and 
the areas of the valve and piston a and A, respectively, 
then the forces acting on the valve are: a closing 
force S, an opening force P, x a, and an opening force 
“ to (P, — P,) x A. For any steady condition 
of flow, the opening forces must equal the closing 
force and the equation for equilibrium is :— 


S= P,a+(P, — P,)A, 
or 


Ss A 
Py=——= (P,— Py). 


This means that the pressure P, is equal to the 
opening pressure of the valve, less the pressure drop 
through the orifice multiplied by the ratio of piston 
area to valve-seat area. The latter factor is called 
the amplifier ratio and has a distinct bearing on the 
sensitivity of the governor, as the larger the amplifier 
ratio, the greater the decrease in P, for any given 
increase in (P, — P,). The governor illustrated in 
Fig. 5 is supplied with oil under from an 
engine-driven gear-type pump, the oil escaping from 
the valve ¢ being returned to the pump suction. The 
pressure P, acts on a spring-loaded piston d con- 
nected to the control rack of the injection pump, 
so that the spring e tends to reduce the fuel delivery 
and the pressure P, to increase it. 

Typical pressure characteristics for a governor of 
this type having an amplifier ratio of 10 to 1 are shown 
in Fig. 13, opposite, the lower curve a showing the 
variation of P, — P, with speed and right-hand curve b 
the corresponding variation of P,. If it be assumed that 
@ pressure of 20 lb. per square inch is required to hold 








the control rack in the position for maximum fuel 
delivery, then, for the case illustrated, full engine load 
will be carried at 2,000 r.p.m. If the load be removed 
from the engine, its will rise until P, has fallen 
to the value required to hold the rack in the no-load 
position. It will be seen that this is equal to 5 lb. 
per square inch, which corresponds to an increase 
in (P, — P,) from 10 Ib. per square inch to 11-5 Ib. 
per square inch and an increase in engine speed from 
2,000 r.p.m. to 2,140 r.p.m. Therefore the decrease in 
P, is ten times the increase in (P, — P,) and the change 
in engine speed is only 7 per cent. for 100 per cent. 
change of load. The Teft-hand curve c illustrates the 
variation of P, at a lower speed setting and shows a 
change in engine speed from full load to no load of 
250 r.p.m. This condition is obtained by reducing the 
load on the valve ¢ in Fig. 5; similarly, any other 
speed may be obtained by varying this load. 

It will be seen from Fig. 13, that, as the speed setting 
is reduced, the percentage increase in engine speed from 
full load to no load becomes larger. In general, this 
is an advantage as it gives maximum sensitivity at 
maximum speed. When idling, however, it results in 
the governor being too sluggish and it fails to respond 
rapidly to small changes of engine speed. Further- 
more, at low idling speeds, there is a danger of the engine 
stalling ; this is illustrated by the curve d in the bottom 
left-hand corner of Fig. 13, which shows the small 
margin of fuel delivery available to aid recovery and 
prevent stalling. Nevertheless, several governors 
embodying this circuit wete constructed and tested 
before the makers decided to improve the low-speed 
performance without impairing the high-speed charac- 
teristics. The problem was solved by the introduction 
of what is termed the dual-phase principle. This 
consisted of applying to the other side of the piston 
lettered d in Fig. 5, a pressure P, in opposition to the 
pressure P, and controlling the movement of the piston 
by the difference between these two pressures. At 
idling, P, is kept substantially constant and governing 
is performed by varying P, ; at intermediate and maxi- 
mum speeds, however, P; is maintained constant while 
P, is varied in the manner already described. A 
hydraulic governor embodying this principle is shown 
diagrammatically in Fig. 11, opposite. Instead of 
returning directly to the inlet side of the gear pump, 
oil escaping through the valve returns through the sma 
orifice a. This causes a pressure P, to be built up which 
acts on the reverse side of the servo piston 6 and assists 
the servo return spring. Obviously, this pressure 
would increase progressively over the speed range of 
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the engine unless provision were made to keep it con- 
stant once idling speed is passed. This is accomplished 
by the relief valve c, which is in parallel hydraulically 
with the orifice a, and lifts when the required pressure 
is reached. In order to limit the maximum value of the 
pressure P, and thereby prevent excessive loads being 
imposed on the mechanism, a further relief valve d is 
provided. 

The effect of this modification can be seen from Fig. 
14, opposite. The position of the servo piston now 
depends on the difference between P, and P, and, 
assuming the same values of 20 lb. per square inch and 
5 1b. persquare inch for full load and idling, respectively, 
the variations in speed over the load range will be as 
shown by the shaded areas. It will be seen that 
although the speed variation at intermediate and 
maximum speeds is the same as for the simple governor, 
the sensitivity at idling is increased considerably. The 
high degree of sensitivity obtained, however, gave rise 
to a tendency for the engine to hunt at idling speed 
and led to the introduction of an idling stabilising valve 
in place of the fixed orifice. The stabilising valve is 
shown in position in Fig. 12, opposite, which shows 
in diagrammatic form the design of governor finally 
adopted. The valve a, which is of the piston type, is 
located in a circular passage formed in the body of the 
governor and it controls the flow of oil through the 
passage by masking axial slots machined in an inner 
extension 6 of the In the same passage as 
the valve, but separated from it by the spring c, is 
@ plunger d which is arranged to make contact with the 
adjusting screw e threaded into the lever f. The valve 
is maintained in the position shown by the action 
of a further spring g. The lever f pivots about its 
lower end and is connected at its upper end to the 
servo piston A through the link j and to the control 
rack of the injection pump through the drag link &. 
It will be seen, therefore, that with this arrangement a 
motion proportional to that of the servo piston is 
imparted to the plunger d. Oil escaping from the 
control valve J and, therefore, at the pressure P;,, is 
allowed to enter the space between the valve a and 
the plunger d through 4 small orifice drilled in the valve. 
Obviously, the flow of oil either into or out of this space 
is restricted by the orifice, so that for rapid movements 
of the control rack, such as those experienced when the 
engine is surging, the oil is trapped and the plunger and 
valve move peste" as a solid unit thereby giving the 
idling-valve assembly a high momentary sensitivity. 

For slow movements and permanent changes of 
position, the oil pressure on each side of the orifice 
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PUMP WITH HYDRAULIC GOVERNOR. 


MESSRS. C.A.V., LIMITED, ACTON. 


Fig. 12. 
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equalises and the valve will adopt a position which 
depends not only on the position of the plunger d 
but on the rates of the springs. The outer spring c 
has one half the rate of the inner spring g, so that a 
permanent change in position of the plunger d will 
cause the valve to change its position by one-third 
the movement of d. This has the effect of reducing 
the permanent rate of the governor so that, for any 
change of load at idling, the resultant change of idling 
speed is small. Any movement of the control rack and 
idling-valve plunger towards the open position, 
however, will result in a corresponding movement of 
the idling valve. This will restrict the flow of oil 
through the valve, raise the closing pressure P, and 
return the servo piston towards the closed position. It 
will be seen, therefore, that the idling valve holds the 
control rack at a steady position and maintains the 
— 8 at a constant value. 

t will be clear that this form of idling valve gives 
three degrees of sensitivity when the engine is idling, 
namely: high instantaneous sensitivity so as to 
ensure rapid response to changes of speed; medium 
permanent sensitivity to prevent undue variation of 


idling speed under changes of operating conditions ; | pedal 


and low temporary sensitivity to counteract transient 
disturbances and vent any tendency to surge or 
hunt. The effect of the idling valve on the pressure P, 


is shown by the chain dotted curve in Fig. 15, on this 
page. It will be noted that, although the oe 
of the governor is decreased, full fuel delivery is st 
obtained before the engine comes to rest, which, in 
practice, is sufficient to prevent stalling. 

The speed of the engine above idling is selected by 
the position of the control pawl m, Fig. 12, which, in 
turn, is determined by the position of the accelerator 
pedal. When this is depressed, it causes a load to be 
applied to the amplifier valve 1 by compressing the 
Spring n, the valve, in consequence, K tree either partly 
or completely, according to the load applied. This 
action cuts off the supply of oil to the closing side 
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Engire 
of the servo piston and at the same time causes a rise 
of pressure on the opening side of the piston. The 
servo piston, therefore, moves to the right as viewed 
in Fig. 12 and increases the fuel delivery unti! the engine 
hes the selected s Once this speed is reached, 
however, the amplifier piston opens the amplifier valve 
and admits oil to the closing side of the servo piston, 
thus bringing the piston and control rack to the position 
required to maintain the selected speed. Similarly, 
if the speed of the engine falls owing to an increase in 
the load, the subsequent increase in the pressure 
acting on the opening side of the servo piston increases 
the fuel delivery and restores the loss of speed. 

The actual speed of the engine depends, of course, 
on the position of the control pawl m, the motion of 
which is restricted by the adjustable stops o and p. 
The stop p is set to give the allowable maximum 
speed, while the stop o selects the idling speed. 
Although not shown in the diagram, the stop o is 
spring loaded, so that, when it is required to stop the 
engine, the accelerator pedal is lifted to overcome the 
spring and thereby allow the control rod to return 
to the no-delivery position. Lifting of the accelerator 
also brings into action a positive fuel cut-off, 
which acts as a if the governor should fail to 
return the control rod to the no-delivery position. The 
action of fuel cut-off can be described best by reference 
to Fig. 7, opposite, which shows the mechanism in 
diagrammatic form. The control pawl m is provided 
with a heel n, which, in the idling position, just makes 
contact with the pawl o, this pawl forming an in 





| part of the bell-crank p, which pivots about a spindle 


secured to the rear cover of the governor casing. 
When the accelerator pedal is lifted against its spring 
stop, the heel n rotates the bell-crank p about its 
spindle, so that its upper end makes contact with a 
flange formed on the outersleeve q of the control-rod link. 
It then overrides the spring 7, which normally locates 
the sleeve on the cntecleod tahyand forces the control 
rod to the stop position, as shown in Fig. 8, opposite. 
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The maximum-fuel stop and excess-fuel device .is 
fitted to the end of the pump opposite to the governor. 
Its construction is shown diagrammatically in Figs. 
9 and 10, opposite, which show part-sectioned plan 
views and will serve to illustrate the method of working. 
The block a is held rigidly to the end of the control 
rod remote from the governor and is threaded to 
accept the maximum-fuel stop 6. This stop works in 
conjunction with the quadrant c, which is free to 
move axially and circumferentially on the vertical 
spindle d. Integral with the quadrant c, however, is 
the trigger e, which is located within a horizontal slot 
formed in the quadrant and,is free to move about the 
pivot f. Under normal may conditions, the stop b 
makes contact with the lower jaw of the slot and the 
maximum fuel delivery is determined by the further 
stop g, which is fitted to the pump casing and restricts 
the rotation of the quadrant c. To obtain excess fuel 
for starting, the quadrant c is de by a knob, 
external to the pump, against a spring co-axial with the 
spindle d. This action brings opposite the trigger a 
groove h machined in the spindle, the trigger entering 
the groove and thereby retaining the quadrant in the 
depressed position ; the trigger is shown in engagement 
with the groove in Fig. 9. Depression of the quadrant 
also brings the trigger opposite the stop 6, so that 
when the accelerator is pushed hard down, the stop 
makes contact with the trigger, overcomes the spring j 
and enters the slot, thereby gaining extra movement ; 
the stop b is shown in the excess-fuel position in Fig. 10. 
On entering the slot in the quadrant, however, the 
stop } releases the trigger from the groove h and the 
quadrant is raised by the return spring an amount 
equal to the clearance between the stop 6 and the 
lower jaw of the slot. Nevertheless, this movement is 
sufficient to prevent re-engagement of the trigger in 
the groove, so that when the governor takes centrol 
and withdraws the stop, the quadrant is returned to 
the normal position. 

The governor and associated equipment are cf 
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two ‘hardened and ground (pore of involute. form, response to correspond with that of the master stan NOTES ON NEW BOOKS. 
which are driven by the camshaft through a self-| by adjusting the replay equaliser until the output was|#.0.F.: The Story of the Royal Ordnance 

coupling. All moving parts work within | the same at each of the above tones. The recording 1939-48. By Ian Hay (Major-General John Hay 


i sleeves or bushes, oa for the main pistons 
and plungers fitted so that a limited amount of 
freedom is allowed, thereby avoiding distortion. No 
Faye provision for lubricating the governor is made, 
materials used in its, construction having been 
selected because of their suitability for operating in 
fuel oil. As previously mentioned, the governor has 
been designed for controlling variable-speed oil engines 
having a capacity up to two litres per cylinder, and it 
will be a apparent from tho foregoing that i has been 
developed in the first instance for use on commercial 
and public service vehicles. Obviously, its use is by 
no means confined to this purpose and there is little 
doubt that it will have a wide range of applications. 





THE DEVELOPMENT OF MAGNETIC- 
TAPE RECORDERS. 


A JomnT meeting of the Radio Section of the Institu- 
tion of Electrical eers and of the Acoustics Group | electron 
of the Physical Scciety was held at Savoy-place, 
Victoria-embankment, London, W.C.2, on Wednesday, 
January 26, when an informal lecture on “ The Develop- 
ment of the ic-Tape Recorder” was delivered 
by Mr. B. E. G. Mittell. The first magnetic recorder, | +), 
he said, was the the cage cr esa which was invented by 
Valdemar P Copenhagen, in 1899. An 
patent covering this invention suggested that not only 
could steel wire be used as the recording medium, but 
that a tape of paper or similar material coated with 
magnetisable m dust could be employed. Even 
a disc over which an might be conducted 

irally was suggested.  Poulsen’s original direct- |. 
current method ‘of biasing, in which a direct-current 
was employed to bring the magnetisation of the steel 
wire to an efficient part of the curve, was still in use by 
the British Broadcasting Corporation for recording 
speech and music a subsequent transmission. The 
audio-frequency range of this was 6,000 cycles 
per second cl the Pate [noite ratio hag ot decibels. 

The underlying supersonic biasing, which 
wa alo i ly used to-day, was revealed by the 

Ewing and others about 1880. The 

po: onde was actually invented by Carlsen and 
ter in the United States, in 1921, and was based 

on the fact that the sensitivity of a magnetic tape to 
feeble signals was greatly increased by imposing fre- 
quencies exceeding 10,000 cycles per second upon it. 
The frequency range of this system was 12,000 cycles 
e second and the signal/noise ratio was 45 decibels. 

1918, Fuller had ne the same system to erase 

a clameeelhy recording by passing a high-frequency field 
diminishing intensity through it. 

peas fre for magnetic recording was based 
on the eahes of Pfleumer and consisted of a base 
of pai . cellulose acetate, or other suitable plastic, 
with ferric — or ferroso-ferric oxide fixed thereto, 
each parti being insulated from its neighbour by a 
lacquer. A full reel of tape would run for 21 minutes 
at 77 cm. per second, using a bias frequency of 75 kilo- 
cycles per second. The tape LF “omar three heads 
in succession—the erasing, recording and replay heads— 
and finally over a roe to check the sped ma regu- 
larity of running. Provision was also made for a 
second machine to take over recording when the reel 
on the first was finished. 

To obtain good response to high frequencies a 
reasonable tape speeds, the effect of the leakage field 
round the and play-back heads must be 
taken into account. At high frequencies this field 
reversed very rapidly and eenitens tended to attenuate 
the signals it was desired to record. Moreover, demag- 
netisation took place when the wavelength was com- 

ble with the width of the tape, there were iron 
aren in the play-back head and a great variation 
in its output, owing to the length of its air gap being 
finite. e output also increased with the frequency 
until half a wavelength just en the gap, after 
which it fell to zero when the wavelength and gap were 
equal. To compensate for all these factors, a substan- 
tial amount of equalisation, or pre-emphasis, had to be 
provided in the recording head by feeding more powerful 
currefits into it at the upper end of the audio-frequency 
scale. Similarly, equalising circuits had to be provided 
in the play-back head to counteract the various 
losses in this part of the system. Some standardisation 
of the response curve in this way was desirable and 
would involve the use of a standard tape, as well as 
standard pre-emphasis and level, and standard record- 


and reproducing systems. 
“ices with which he was connected, the 
author said, was being forced into running a sort of 
international bureau by av aes lying standard test tapes, 
100 cycles, 


Econtcen, ondh tre, kileapeles one, three and seven 
kilocycles, and ten per second. With one 





characteristic could then be set by using a blank tape 
and adjusting the recorder equaliser until the overall 
response of the equipment was flat over the whole 
frequency range. 

In the Papo Poe “sal followed the lecture, the 
necessity for stan tion in magnetic recording was 
pence As regards tape width, the difference 
between British and American standards was insignifi- 
cant. The divergence in tape omens ny 
more serious ; 77 om. per second havi 
payed fixed in this country, while in the ited 

the standards were: primary 15 in., secondary 7- Sine 
and supplemental 30 in. per second. More difficult 
still was the standardisation, and even the definition of, 
the magnetic properties of the tape. Although the 
characteristics of the oxide could be measured in bulk, 
data on the film coating were still difficult to obtain. 
In photographic film and lateral-cut diso 
the nature a on the modulation could be seen. This 
was igen a with magnetic recording, though it had 
been suggested that the deflection of the beam in an 
electron microscope might afford a means of finding the 
magnetic state of individual elements. 

Several theories were put forward to account for the 
improvement in recording, consequent upon the use of 
ear Uae. Most speakers were content with 

the generalisation that mechanical agitation loosened 
the bonds in the crystal lattice and so assisted re-orienta- 


early | tion. The most plausible ao however, was 


that subsidiary loops, indu 

bias and enclosed between the 
hysteresis loop, transferred the working characteristic 
to these straight sides. Acco to this theory, 
minimum distortion would be obtained when the bias 


mngitate equalled the coercive force. Experiment | enlarge 


confirmed this, too little bias resulting in second- 
harmonic, and too much in third-harmonic distortion. 
In theory, it was desirable to use as high a bias frequency 
as possible, but in practice the increase in effective 
resistance and overheating of the recording and erasing 
heads set a limit. A lower frequency was often used 
for erasure, but when this practice was adopted it was 
necessary to choose the relative frequencies, so that 
intermodulation between their harmonics was avoided. 





CATALOGUES. 


Mercury-in-Steel Thermometers.—Messrs. Negretti and 
Zambra, Limited, 122, Regent-street, London, W.1, have 
sent us a copy of their brochure, M.S. 2, which describes 
clearly the relative merits of mercury-in-steel and 
vapour-pressure thermometer systems. 

Radio Transmitting Valves.—Full descriptions of 
transmitting valves, DET.18, ACT.19, BR.124, BR.125 
and TT.12, are given in leaflets received from Marconi’s 
Wireless Telegraph Company, Limited, Marconi House, 
Chelmsford. 

Electric Soil-Warming Equipment.—A descriptive 
pamphlet, dealing with the low-voltage equipment which 
they have designed for soil warming, has been issued by 
the General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2. 

Direct-Current Ampere-Hour Meters.—Full details of 
the construction and other technical data regarding the 
direct-current ampere-hour meter (Type FK) manufac- 
tured by them are contained in a pamphlet recently 
issued by Messrs. Ferranti, Limited, Hollinwood, Lanca- 
shire. 

Low-Temperature Welding.—An explanation of the 
manner in which Sifbronze, a special copper-zinc alloy, 
can be used for low-temperature welding without any 
tendency to “ hot-shortness,” is given in a leaflet pub- 
lished by the Suffolk Iron Foundry (1920), Limited, 
Stowmarket, Suffolk. 

Condensers for Power-Factor Correction.—The possible 
applications of static condensers to the correction of 
power factor is dealt with in a booklet published by 
Messrs. Ferranti, Limited, Hollinwood, Lancashire. Both 
the theory and the practice of the subject are considered 
and details of the various units available are given. 

Rudder Indicators.—The rudder indicators, details 
of which are given in a pamphlet recently issued by 
Messrs. Evershed and Vignoles, Limited, Acton-lane 
Works, Chiswick, London, W.4, have been in use in the 
British Navy since 1893, and in the mercantile marine 
for many years. The pamphlet is available in English, 
French, Norwegian and Portuguese. 

Plastic Protective Coatings.—A leafiet giving particulars 
of the Crocell hot and Lowerite cold dip-applied pro- 
tective coatings has been received from Croda, Limited, 
Croda House, Snaith, Goole, Yorkshire. Both are plastic 
coatings and are applied to metal articles and com- 
ponents to protect them from corrosive attack during 
transit or storage. Subsequently, the coatings can be 
stripped off in one piece. 





Beith, C.B.E., M.C.). 
House, Kingsway, London, W.C.2. 
net. } 
In his to this eminently readable bookiect, 
Ian Hay is at pains to emphasise that it is “ in no sense 
an official comprehensive history of the Royal Ordnance 
Factories ” and goes so far as to excuse its simplified 
descriptions on the und that “to explain those 
a | mageterien in correct detail would be quite ‘ond my 
ret | tg of scientific exposition.” The first statement 
may be accepted—no such comprehensive history could 
be produced for half-a-crown—but the second may be 
discounted considerably. There is all the difference 
in the world between the kind of brochure that a pro- 
fessional, but non-military, journalist would have 
produced and this compact surve B.A a professional 
soldier, who is also a highly-skilled writer, discoursing 
on munitions that he knows well how to use, even 
though some of them were not dreamed of when he 
went soldiering. One feeling that this account cer- 
tainly induces is regret that High Authority did not 
make more use of the author's services and experience 
in as others of the flood of official publications 
the nation’s war effort for the 
instruction oa man in the street. 


H.M. Stationery Office, York 
[Price 2s. 6d. 





Steam Turbine Theory and Practice. By Proressor 
Wru1uaM J. Kearton, D.Eng. Fifth edition. Sir 
Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, London, W.C.2. [Price 
22s. 6d. net.] 

WHEN a text-book has bebind it a reputation of more 

than a quarter of a century, there is little need to 

upon its merits. Except for an additional 
chapter of about 40 pages, di with methods of 
overning steam turbines, the present edition of Pro- 

Rew Kearton’s treatise is practically identical with the 

previous one, the text of which was entirely rewritten 

and amplified about four years #0. The new chapter 
explains the principles of the oil-relay gears used for 
operating the valves of mixed- ure and pass-out 
turbines as well as for the control of ordinary generating 
sets. The method of age profiled throttle valves 
so as to get a practically straight-line relationshi 

between speed and load is also made clear. The eodk 
thus constitutes a very complete and also a very 
excellent treatise on steam-turbine design, both from 
the thermodynamic and the mechanical pcints of view. 

It is the attention paid to the latter aspect which makes 

the book so instructive to the student, who is brought 

to realise that sound mechanical design ts con- 
structional problems every bit as important, and 
requiring, in general, greater wisdom for their solution, 
than those concerned with the behaviour of steam. 

Good as the book is, it might be even better if some 

of the test results and illustrations of once famous 

machines were replaced by more modern examples. 


Light and Narrow Gauge Locomotives. By R. W. 
Kipngr. Second edition. Light Railway Hand- 
books No. 8. The Oakwood Press, Tanglewood, 
South Godstone, Surrey. [Price 3s. net.] 

Tuts booklet should be read in conjunction with the 

revious parts of the Light Railway Handbooks series. 

Te “ provides a general review of the development of 

locomotive power for light and narrow-gauge passenger- 

carrying railways, with a table of dimensions of loco- 
motives mentioned and illustrated in handbooks 

No. 1 to 6.” There is a score or so of illustrations, 

including two, reproduced from ExcivzERine, of some 

of the earliest narrow-gauge locomotives, built by 

Messrs. Fletcher and Jennings and delivered to the 

Tal-y-Llyn Railway in 1865. They are stated to be 

still running. The Festiniog Railway, with a gauge of 

: i 11} in., was the first passenger-carrying narrow- 

railway worked by steam . The locomo- 

Seas were built by England, of Hatcham Iron- 

works, London, but in 1869 the first Fairlie-type double- 

ended locomotive was put into service on the line. One 

Fairlie locomotive could haul a train of coven, bagi 

and 100 empty wagons up the 

line, hich rose almost continuously at a gradient of 

1 in 80. Narrow-ga' railways developed fairly 

idly in Wales and Ireland, but standard-gauge light 
por. ways did not fare so well. The Act of 1896, which 
resulted in a number of lines being built, came too late : 

“ by that time, the motor-’bus was on the way, and 

light lines did not develop enough revenue to encourage 

the manufacturers to bring out ial designs, either 
for narrow or standard gauge.” This booklet will be of 





interest to students of railway history, who can hardly 
complain that their subject is ected ; few other 
branches of engineering and can be so fully 


documented, and this booklet, like others from the 
same publishers, is a useful addition. 
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THE EFFECT OF HEAT ON 
ELECTRO-DEPOSITED 
CHROMIUM. 


By R. Granam, Ph.D., K. R. Wiiutams, B.Sc., 
and R. W. Wizson, B.A. (Cantab.). 


(Concluded from page 243.) 


A cross-section of chromium plated on mild 
steel was examined microscopically and appeared as 
illustrated in Fig. 1, on page 241, ante. The section 
was then heated in vacuo to about 350 deg. C., after 
which treatment it appeared as shown in Fig. 13. 
The major cracks, one of which is shown, occurred 
at remarkably regular intervals and the finer shorter 
cracks did not extend, like the major ones, through- 
out the thickness of the plating. In general, most 
of the finer short cracks occurred at right angles to 
the plated surface, but a fairly large number were 
slightly inclined. This phenomenon has been 
found with several different samples of plating, 
including samples which had been anodically etched 
before being sectioned. 

The wear resistance of chromium plating, ground 
and also anodically etched, was investigated with 
the reciprocating-wear machine referred to pre- 
viously. Wear was examined at room temperature, 
180 deg. C. and 250 deg. C. The results are drawn 
up in Table I. The most obvious feature of the 





Fic. 14. Wear Track ON PLATING aT 
20 Dee. To 40 Dec. C. x 3. 





test was the scoring found on the chromium surface 
when the test temperature was above room tempera- 
ture. The degree of scoring was roughly propor- 
tional to the operating temperature, but also to the 
time of testing. It is also obvious that a discon- 





Fic. 13. Cross-Section AFTER HEATING 
in vacuo TO 450 Dea. C. x 440. 





Fic. 15. Wear TRACK ON PLATING AT 
250 Dea. C. x 3. 


TABLE I.—TEsts ON RECIPROCATING-WEAR MACHINE SLIDER OF 4K6 Cast IRCN; PLATE OF 
CHROMIUM-PLATED MILD STEEL. 
































| 
Condition of Plating Wear at End of Test (6 Hours). | 
Before Test. Operating 
No ar ws Plate Wear (Micro-in.). Remarks. 
( r 
Treatment Surface yo Fiat 
- Roughness. | (Mm.). End of Stroke. Centre. 
374 Continuous 2 180 0-34 10 Slight Plate heavily scored. Oil 
surface - supply icted. 
375 ” 2 100 0-40 10-15 Slight not scored at end of one 
hour, but heavily 
r hours. 
376 ” 2 180 1-0 10 Slight | Plate heavily scored. 
379 ” 2 25-40 0-25 10 (greater Slight Very slight scoring. 
in scores) 
386 Etched after 40-70 180 40 25 Negligible scoring. 
grinding (difficult to assess) 
Deep etching 
390 ay gy 40-60 180 1-1 (Difficult to assess) No marked scoring. 
Surface not 
true 
398 } ge wg 40-60 180 1-26 250 250 | Several heavy score marks. 
399 Plate from’ 250 1-24 (Diffieult to assess) Further wear occurred, but 
Test 398 plate appeared to have run- 
in. Lacquering heavy and 
possibly hel in this 
respect. 
24 | Continuous 2-5 180 1- 15 — Scored, but not heavily. 
| surface 
425 | 9 2-5 250 1-15 10 a Heavily scored. 
427 Van der Horat _ 250 1-06 75-100 _ Slight scoring. 
| | 

















tinuous surface is less liable to score than a continu- 
ous one, and that grinding or lapping after etching 
reduces any tendency there might be towards 
scoring. The wear on the chromium surface looks 
heavier for those samples where a discontinuous 
surface was used, but this is to be expected as the 
original surface roughness was greater and the 
degree of wear is proportional to original roughness. 
The scoring must certainly have been due to pieces 
flaking or breaking out of the chromium surface 
(Figs. 14, 15 and 16). The oil used was clean, 
there was no possibility of the entry of extraneous 
matter, and the grooves in the slider were deep cuts. 
It is suggested that there is a definite connection 
between this fact and the roughening of chromium 
deposits on heating which was mentioned above and 
also with the thermal cracking illustrated in Fig. 13. 

The frictional characteristics of chromium were 
investigated using the Bowden-Leben apparatus 
described previously. The investigation was con- 
fined mainly to the determination of the coefficients 
of friction for cast iron sliding on various chromium 
surfaces, unlubricated and lubricated by a mineral 
oil and by a fatty acid; also, because chromium 
steels frequently show a poor response to conven- 
tional extreme-pressure (E.P.) additives, investiga- 
tion was made of the effect of a representative 
additive of this class. 

For the unlubricated tests, the chromium deposit 
was finished on a lead lap to an average roughness 





Fic. 16. Scorrmye on Cast-Iron SLIDER AT 
250 Dre. C. x 3. 


of 2y-in. A cast-iron slider was prepared from an 
actual piston ring and the combination was examined 
on the apparatus at various temperatures. A 
marked increase in friction took place as the tem- 
perature rose, as shown in Fig. 17, page 266. This 
effect was found to be repeatable. As it was thought 
that there might be an interfering film of lead 
remaining after lead lapping, the experiment was 
repeated with an emery-ground surface of 2,-in. 
roughness, which had not been in contact with lead. 
The results of this experiment are shown in Fig. 18, 
page 266, the curve being very similar to that shown 
in Fig. 17. This increase in the coefficient of friction 
contrasts very strongly with the behaviour of cast 
iron sliding on mild steel, typical results for which 
are given in Table II. 


TABLE II.—Cast Iron Sliding on Mild Steel. 








Temperature, Mean Coefficient of 
Deg. C. Friction. 
16 0-31 
51 0-31 
76 0-31 
101 0-305 
127 0-29 
140 0-31 








To check whether “‘ welding ’’ or “‘ pick-up ” was 
responsible for the rise in the curves of Figs. 17 
and 18, a prolonged run was carried out at 120 deg. C. 
with cast iron sliding on chromium. The results 
given in Table III, page 266, show that this was not 
the case. Further experiments were made with a 





cast-iron slider on ground-chromium surfaces of 
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EFFECT OF HEAT ON ELECTRO-DEPOSITED CHROMIUM. 
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mined using a representative additive of this class. 
A mild-steel slider was used. The chromium was 
lap-finished and the coefficient of friction was 
measured at different temperatures up to 200 deg. C. 
The slider was moved cver the same track several 
times at this tempcrature to simulate running-in, 
and the coefficient of friction was again measured 
for a series of doecreasing temperatures. The 
results are shown in Figs. 23 and 24, with results 
obtained under identical conditions for a mild steel 
of equivalent finish. There is little difference 





shown in Fig. 22. The results of these experiments 
are given in Table IV. As might be expected from 
its inertness, chromium does not respond to the 
addition of a fatty acid. The reduction found with 
cast iron sliding on chromium is due to the formation 
of a film of metallic soap on the iron at the lower 


TABLE IV.—Chromium Slider on Chromium Plate. 








encountered. Medicinal paraffin was used as a 
straight mineral-oil lubricant. As shown in Fig. 22, 
it reduces the coefficient of friction as compared 
with dry sliding, the motion changing from smooth 

iding to a relaxation (stick-slip) oscillation at 
118 deg. C. The tests were made with cast iron 
sliding on chromium of 2y-in. average roughness. 
The curve for 1 per cent. weight oleic acid in 
medicinal paraffin is also given in Fig. 22, and 
shows the farther reduction of the coefficient of 
friction which is obtained at room temperature 
with this additive. The oleic acid, however, ceased 
to be effective at 115 deg. C. Additional experi- 
ments with chromium sliding on chromium, the 
lubricants being medicinal paraffin and medicinal 
poraffin +1 per cent. weight oleic acid, showed 
that in this case there was no friction reduction 
due to the presence of the fatty acids such as is 














Mean Coefficient of Friction. 
Temperature, 
Deg. C. Medicinal Paraffin 
Medicinal Paraffin. + 1 per cent. 
Oleic Acid. 

11 0-06* | 0-08 

36 0-08* 0-08 
62 0-09* 0-10* 
112 0-16* 0-14* 
125 0-22° 0-18* 
150 0-24* | 0-21* 

} 








* Stick-slip oscillations occurred in these cases, 


between the values found for rising as compared with 
falling temperature, apart from the tendency of 
the additive to inhibit “‘stick-slips” after the 

ing-in . In the case of the mild-steel 
plate, the fatty acids present gave rise to a change 
from smooth sliding to “ stick-slip ’’ with a transition 
temperature of 129deg.C. After the slider had been 
“ run-in ” at 200 deg. C., however, “‘ stick-slipping ” 
was replaced by smooth sliding, the coefficient of 
friction being 0-2. This remained practically con- 
stant down to room temperature. This behaviour 
contrasts with that of the base oil alone, which, 
under similar conditions, caused no appreciable 
difference between tests on rising or on falling 
temperatures. The difference in behaviour is 
probably accounted for by the E.P. additive being 
able to form a chemical film on the mild steel but 
not on the chromium. Apart from the effect 
attributable to the fatty oil which was present in 
one component of the additive, the E.P. additive 
had a negligible effect on the lubrication of the 





temperatures. This soap film breaks down at about 
115 deg. C. and hence no advantage acrues from the 
use of the additive when the temperature rises 


chromium plating. Null results were also obtained 
when tricresyl phosphate was used. From the 
above, it would appear that E.P. additives of the 





above 115 deg. C. 
The influence of extreme-pressure additives on 
the frictional properties of chromium wae deter- 


type used do not offer any useful advantages in the 
lubrication of chromium surfaces. 
It has been shown that significant changes occur 
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in the hardness, coefficient of friction, physical 
structure and wear properties of ehromium deposits 
when these are heated to temperatures up to 
350 deg. C., the maximum temperature, approxi- 
mately, to which such deposits would be exposed 
in an internal-combustion engine. The hardness of 
chromium, as shown above, decreases with rise in 
temperature, but as the value at engine operating 
temperatures of 200 deg. C. to 300 deg. C. is approxi- 
mately 600-500 V.P.N., this factor would not be 
expected to affect the wear properties adversely. 

Although not entirely pertinent to the present 
discussion, it is of interest to record that the 
exceedingly fine grain size of chromium deposits 
appears to offer the most logical and satisfactory 
explanation of the great hardness of such deposits. 
When the chromium is heated to 450 deg. C., there 
is a very slight change in the X-ray diffraction pat- 
tern. The lines become slightly less diffuse but the 
change is not sufficient in extent to indicate any 
significant alteration in crystal size. 

The increase in coefficient of friction is a factor 
which would be expected to affect wear properties 
adversely, especially as it has been shown that 
results from the reciprocating-wear machine indicate 
progressive wear as the temperature of operation is 
raised. It will be seen from Fig. 23, opposite, that 
there is a small rise in the coefficient of friction of 
mild steel also, when it is heated above 100 deg. C. 
It may be mentioned here, that although the recip- 
rocating-wear machine was expressly designed to 
reproduce piston-ring /cylinder-wall conditions, it was 
not possible in the t instance to obtain the 
degree of “‘ oil starvation ” which would have been 
desirable in view of the difficulty of lubricating ade- 
quately a continuous chromium surface in a cylinder 
bore. The information obtained, however, will be 
applicable to discontinuous chromium surfaces where 
better lubrication prevails. It is necessary to con- 
sider coefficient of friction results and wear-test 
results together since the two are so closely asso- 
ciated, and the most notable feature of the wear 
tests was the scoring of the plating. This scoring 
is found even at 100 deg. C., after a period of time, 
and, as mentioned above, must arise from the 
chromium itself. It will be seen from Fig. 16, page 
265, that the scoring of the chromium surface is 
reflected in gouges in the cast-iron slider and since 
clean oil was used, there being no re-circulation, 
there was go possibility of the feature arising from 
trapping of extraneous material. Further, it would 
require very hard, angular material to cut such 
gouges in the slider. Now it has been shown that 
no cold-welding or pick-up results from the increase 
in the coefficient of friction, which, incidentally, was 
measured at much slower speeds where there would 
be more opportunity for this to happen. The 
scoring, therefore, must be due to some physical 
characteristic of the chromium itself. 

The mechanism whereby the scoring occurs is 
postulated to be as follows. It was found, in pre- 
paring cross-sections of chromium deposits for 
microscope examinations, that extreme care was 
essential in rubbing the sections on fine emery 
papers; otherwise the sections were found to con- 
tain angular irregular voids due to chromium 
breaking out of the free surface. It has also been 
found that chromium contracts when heated and 
that the grain size of the electro-deposited metal is 
exceedingly fine. The cracking of chromium de- 
posits on heating is illustrated in Fig. 10, page 242, 
ante, and in Fig. 13, page 265, and it can be seen 
that arising from such cracking small pieces of 
chromium may become detached. This is un- 
doubtedly due to the small grain size and brittleness 
of the deposited metal. Hence in subjecting con- 
tinuous chromium ‘surfaces to friction above room 
temperature, the physical structure is altered with 
a distinct possibility of the breaking-out of small 
pieces of metal. It is true that 300 deg. C. is 
quoted as the temperature at which significant 
contraction of the deposit takes place, but it is not 
necessary for the bulk of the metal to reach this 
temperature. The heat generated by friction can 
raise the temperature locally, and so initiate a small 
amount of contraction and cracking. Since the 
deposit is under a contractile stress, whenever these 
minute cracks exceed the critical depth, they will 
propagate till the decrease in stress falls below the 





critical value, but, in reaching this depth, small 
pieces and sharp edges will be left to be broken off 
and cause wear and scoring. It is possible also, but 
not so probable, that cracking can arise in an engine 
from the sharp edge of a piston ring pressing on a 
plated cylinder wall, the action being similar to that 
shown above where a diamond impression initiated 
large cracks at temperatures above 80 deg. C. 

The cracking, postulated to occur as above, will 
find a path ready for its propagation in the network 
found in most deposits of chromium. This is illus- 
trated in Fig. 11, page 242, ante. Here it is evident 
that the wider discontinuity has followed along the 
optimum path of the minor ones, which, when the 
major was produced, were not visible except at high 
magnifications. This illustration also shows that 
“channel” porosity is due simply to the opening 
by reverse-current etching of the cracks occurring 
normally in chromium plating. The unusual surface 
condition illustrated in Fig. 12, page 242, ante, shows 
that the mechanical treatment of the plating before 
etching can be used to influence the distribution and 
type of discontinuity. It is evident that, owing to 
the stress in the plating, and the relief afforded by 
the cutting action of the grinding wheel, discon- 
tinuities immediately form at right angles to the 
direction of grinding because the deposit is isotropic 
and hence a stress relief in one direction will neces- 
sarily increase the relative stress in the direction at 
right angles to it, so that orthogonal cracking occurs. 

The basic reason for the stress in chromium 
deposits and for the crack-producing contraction 
which takes place on heating has not been investi- 
gated in the present work. It is possible, however, 
to reason from the published data of others, especi- 
ally Snavely, as to the mechanism ible for 
the contraction. It is shown by Snavely, through 
X-ray analysis and calculation, that chromium is 
deposited, if not completely, then to a considerable 
extent, as chromium hydride. It is also known 
that the hydrogen in chromium plating is driven 
off by heating. Opinions differ as to the exact 
degree, but the curves of four separate investigators 
all show practically the same findings. The quan- 
tity or percentage of hydrogen evolved at any 
temperature is independent, within limits, of the 


time of heating, so that, for instance, between |° 


40 per cent. and 50 per cent. is evolved at 200 deg. C. 
on heating for one hour, but no matter how long 
heating is continued thereafter, the further quantity 


evolved will be negligible. At 300 deg. C., prac-|*” 


tically all of the hydrogen is evolved, except for 
about 2 per cent., which is retained up to tempera- 
tures above 1,000 deg. C. It is interesting to note 
also that Goldschmidt found the lattice of chromium 
plating expands on heating at first and then con- 
tracts, the curve showing a minimum at about 
300 deg. C., before further expansion takes place. 
These temperatures coincide with those found in 
the present investigation for the onset of apparent 
contraction in the chromium deposits. It is there- 
fore suggested that hydrogen is the operative factor 
in the wear of chromium at elevated temperatures. 
It follows from this that trouble may be experienced 
down to 80 deg. C., where hydrogen is first evolved, 
but would be longer in developing. This is borne 
out by crack formation being found at 250 deg. C., 
but pronounced at 300 deg. C., and also by scoring 
being found in wear tests at 100 deg. C. after six 
hours but not after one hour. 

If the suggestions made above concerning the 
wear of chromium are correct, then it should be 
possible to overcome the difficulties by adopting a 
Gefinite procedure of heating and grinding combined 
with reverse-current etching. The ure chosen 
was that used in Wear Test No. 386, Table I. The 
chromium plating was heated to 350 deg. C., then 
ground to very nearly the desired dimension before 
Teverse-current etching was carried out. After 
reverse-current etching, the plating would be lightly 
lapped or honed to finished size. The surface struc- 
ture obtained from such a sequence of operations is 
illustrated in Fig. 25, opposite. This shows the sur- 
face of a chromium deposit on a 4-in. diameter 
cylinder liner treated as above but before the final 
lapping was carried out. After this surface was 
lapped, the chromium was very carefully washed 
and steamed to remove all pieces of loose grit and 
n™ given satisfactory results in service. 





APPENDIX. 


Determination of Impurity in Electrolytic Chromium.— 
A deposit of chromium, approximately 0-015 in. thick, 
was separated from the thin copper foil on which it had 
been formed, by dissolving the copper in coneentrated 
nitric acid. The chromium was washed and dried before 
weighing. After weighing, the chromium strip was 
immersed in 10 per cent. Na,CO, solution inside a 
sintered-glass crucible of barium-sulphate fineness. A 
lead strip was immersed in the solution outside the 
sintered-glass crucible and was made cathodic to the 
chromium strip. Electrolysis was carried out at approxi- 
mately 40 amperes per square foot, and was continued 
until the chromium strip was on the point of disinte- 
grating. The strip was then washed and re-weighed, 
the washings being filtered throu h the sintered-glass 
crucible. The total deposit which had dropped into the 
crucible was washed with distilled water till colourless, 
and under the microscope was seen to be composed of 
small pieces of chromium metal and some dark-coloured 
material. 

This material was analysed as follows. The crucible, 
washed free of alkali, was dried at 105 deg. to 110 deg. C., 
and weighed. The de t on the sintered filter was 
then digested with contentrated nitric acid to dissolve 
material other than chromium metal, which was passive. 
Chromium was estimated on the extract plus the washings 
from the crucible. The crucible was dried and weighed, 
and then extracted with 20 per cent. HCl containing 
10 per cent. by weight of potassium persulphate for one 
hour. The chromium was then estimated on the extract 
and crucible washings, and the crucible iteelf was again 
dried and weighed. 

The results were as follows :-— 


Gramme. Gramme. 
(1) Weight of chromium 
foil dissolved by elec- 
trolysis in 10 per cent. 
Na,CO, solution 
Weight of total residue 
(dried) a 
Chromium (as metal) in 
residue (20 per cent. 
HCl +10 per cent. 
wt. pot. persulphate 
extraction) eet 


-*. Weight of residue less 
metallic chromium ... 
Weight of material left 
after both extractions 


*. Weight of impurity in 
the chromium metal 
dissolved by electro- 
lysis eid oi 0 -0042 


Percentage impurity in 


electrolytic chromium 9.9949 x 100 0-0064 x 100 
deposit ; 


0-1744 0-1917 


0-0138 0-0108 


0 -0092 0 -0042 


0 -0046 0 -0066 


0 -0004 0 -0002 


0-0064 





0-1744 0-1917 
Per cent. Per cent. 
- 2-4 3-3 


(2) Chromium in extract 
removed by conc. 
HNO, ove eee 61-4 53°7 


Now, chromiuminCr,0, = 68 per cent. 
chromiuminCrO, = 52 ,, 


The impurity thus has a composition approaching 
that of one of these oxides (CrO, or Cr,0,). Itis post- 
ulated that it was a decomposition product arising in 
the electrolysis of the CrO, plating bath. 





DOUBLE-TRIODE VALVE FOR INDUSTRIAL ELECTRONIC 
EQUIPMENT.—The double-triode valve, recently intro- 
duced by Mullard Electronic Products, Limited, Century 
House, Shaftesbury-avenue, London, W.C.2, combines 
medium or low anode resistance with high working and 
low heater current. It has therefore a large number of 
applications for such purposes as counting, relay opera- 
tion and timing. In many applications it can be used 
throughout the equipment, thus simplifying mainten- 
ance. 





THE LaTE Mr. C. E. HODGEIN.—We have learned with 
regret of the death on March 3, at the advanced age of 
86, of Mr. Charles Ernest Hodgkin, formerly chairman of 
the Pulsometer Engineering Company, Limited, Nine 
Elms Iron Works, Reading, and the fourth son of Mr. 
John Eliot Hodgkin, founder of the firm. Mr. Hodgkin, 
who was educated at King’s College School and trained 
in his father’s works, then at Battersea, was subse- 
quently chief draughtsman with the Brush Electrical 
Engineering Company, when they were in Lambeth, and 
afterwards was their works manager at Loughborough. 
He returned to join his father at Reading in 1900 and 
became joint managing director with his brother, the 
late Mr. 8. H. Hodgkin, on Mr. Eliot Hodgkin’s death. 
He was chairman from 1944 to December 31, 1948, 
when he retired. 
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LITERATURE. 


Waste-Heat Recovery from Industrial Furnaces. A treatise 
based upon a series of papers presented to the Institute 
of Fuel. Chapman and Hall, Limited, 37, Essex-street, 
London, W.C.2. [Price 35s. net.] 

Tue well-known principle of Humpty-Dumpty, that 
the employer of a word has the right to make it mean 
what he likes, is the only justification for calling 
the present volume a “‘ symposium,” as is done on 
the wrapper. The faulty etymology, however, 
cannot be laid at the door of the Institute of Fuel, 
who describe the book more correctly as a treatise 
based on a series of papers presented to the Institute. 
Whether the papers were discussed by the members 
is not clear; at any rate, there are no comments 
on them. They constitute the eight chapters into 
which the work is divided, each having its own 
authorship, style, and subject matter. An intro- 
duction by Mr. G. N. Critchley, the chairman of the 
Industrial Waste-Heat Recovery Committee of the 
Institute, seeks to emphasise'the importance of 
fuel-saving equipment by tabulated statements of 
the miner-years that could be saved per man-year 
expended on the manufacture of such equipment and 
the return on capital investment that would be 
obtained. He gives some striking figures, but 
without enough detail to render them convincing. 
It is not very helpful, for example, to read that 
sectional magnesia lagging of unstated thickness 
applied to a 4-in. steam pipe will save 1,985 tons of 
coal during a working year of 7,000 hours, unless, at 
least, the length of the pipe is given ; neither is it 
of much use to learn that the addition of an 
economiser to a Lancashire boiler, both of unspeci- 
fied size, will save 580 tons of coal in a 7,000-hour 
working year, especially as steaming for an average 
of 19 hours out of 24 every day in the year is not 
typical of the duties of such boilers. 

The first chapter, by Dr. P. O. Rosin, deals with 
the volume and heat of products of combustion, and 
explains the calculations for finding the heat avail- 
able from the waste gases. Temperatures are given 
in deg. C. and heat contents in B.Th.U. per cubic 
foot, but the confusion that might otherwise arise 
from mixed units is avoided by the use of numerous 
tables. Ordinary British units are used throughout 
the next chapter, in which Dr. Margaret Fishenden 
and Dr. Owen A. Saunders have simplified as far as 
possible the calculations concerning heat transmis- 
sion by convection and radiation in tubular and 
other apparatus. This is a useful piece of work, 
and its value is enhanced by tables of physical 
constants for all the more usual gases, including 
water vapour. The third chapter contains an 
account, by Mr. T. C. Finlayson and Mr. A. Taylor, 
of experiments to determine the best design of 
regenerators for use with coke ovens. The experi- 
mental regenerator was of full size, except as regards 
length, and complete tests were carried out with 
fillings of different types and proportions, the results 
being fully tabulated and commented on. The 
design of tubular metallic recuperators is next dis- 
cussed by Mr. G. N. Critchley and Mr. H. R. Fehling. 
According to data concerning 14 existing or proposed 
installations, fuel savings varying from 8 to 18-3 per 
cent. were obtainable, with returns of 30 to 210 per 
cent, per annum on the capital cost involved. The 
fifth chapter is a useful survey, by Captain W. Greg- 
son, of the field for waste-heat boilers in industry, 
and of the types appropriate to particular duties. 
He estimates that waste-heat boilers could save the 
British gas industry 1-5 million tons of coal per 
annum, and that a somewhat less amount could be 
saved in connection with open-hearth steel furnaces, 
though these quantities apparently include the 
savings already made by such boilers in these fields. 
The figures should also be considered in the light of 
possible furnace improvements, the result of which 
might,.be to reduce considerably the amount of 
waste heat remaining to be recovered by boilers. 
An interesting possibility suggested by Captain 
Gregson is the use of a gas turbine, or, more strictly, 
of a hot-air turbine, taking advantage, by means of 
heat exchangers, of the hot gases from continuous 
vertical gas retorts. Such a scheme would provide 
a useful quantity of electricity for sale, and all the 
steam for the retorts would be generated by the heat 
in the turbine exhaust. 











The remaining chapters deal with the recovery of 
waste heat in the carbonising, metallurgical and 
container industries, respectively. In the 
first of these, Dr. J. G. King and Mr. F. J. Dent dis- 
cuss various systems of heat recovery in gasworks, 
without claiming precedence for any, as circum- 
stances vary so much. They suggest, however, that 
metallic recuperators of suitable metal might 
constitute a great advance over the usual gasworks 
regenerators, which restore about 37 per cent. of 
the waste heat to the secondary air. The recovery 
of heat by the dry-cooling of coke has made very 
little progress because of the high cost of mainten- 
ance of the apparatus and the possibility of explo- 
sion. In the chapter on waste heat from metal- 
lurgical furnaces, which is the joint production of 
Messrs. J. A. Kilby, W. G. Cameron, E. C. Evans, 
A. H. Leckie, J. L. Harvey and A. E. Balfour, 
several plants are described and some are illus- 
trated, but many of the drawings are of too small a 
scale to be easily legible. The authors think that 
gas turbines may eventually supersede waste-heat 
boilers, though not for many years to come. As 
regards the glass industry, Mr. W. A. Moorshead 
points out that practically no limitations on fuel 
economy are imposed either by the processes carried 
out or the materials used. The temperatures cause 
no serious difficulty with regenerators, but the 
author thinks that, nevertheless, the advantages of 
the waste-heat boiler are overwhelming, though it 
has to be admitted that, before the war, it is pro- 
bable that no more than one such boiler was installed 
in any glass works in the country. From the above 
indication of the contents of the book, it will be 
evident that it is in no way a manual for operators 
of existing plant. Its greatest appeal is likely to be 
to engineers engaged in the design and lay-out of 
new heat-saving equipment, who can hardly fail to 
find a good deal of useful information in the chapters 
that particularly concern them. 


Techniques in Experimental Electronics. By PROFESSOR 
C. H. Bacuman. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
3-50 dols.); and Chapman and Hall, Limited, 37, 
Essex-street, London, W.C.2. [Price 21s. net.] 

Tue twelve years spent by the author of this book 

with the General Electric Company of America in 

developing vacuum and electronic devices qualify 
him as an expert (rather than “ an expect,” as stated 
on the jacket) in electronic techniques. Though 
proficiency in these, as in all laboratory arts, can 
only be acquired by practical experience, much time 
and trouble can be saved by a preliminary study of 

a detailed analysis of the fundamental procedures 

as is here presented. 

Electronic devices are normally required to 
operate under high and stable vacuum conditions, 
and rather more than half the text is devoted to the 
design and construction of systems in which such 
conditions can be secured. Reduction of pressure 
is usually brought about in two stages, necessitating 
the employment of a fore-pump down to 10-* to 
10-* mm. of mercury, backed by a molecular vapour- 
diffusion pump to carry the exhaustion down to 
10-* to 10-7 mm. of mercury. Typical pumps of 
both sorts are described, together with methods for 
measuring their speed of exhaust.’ Diffusion of 
vapours along a vacuum line is often troublesome, 
but this can be largely obviated by baffles and 
refrigerated traps such as are illustrated. The 
accurate measurement of very low pressures is a 
matter of considerable difficulty and the chapter on 
vacuum gauges explains the mode of operation of the 
chief forms of absolute and secondary gauges, with 
statements of their approximate ranges of usefulness. 
The importance of the proper location of the gauge is 
rightly stressed. It is often necessary temporarily 
to isolate’ one section of a vacuum system or to 
maintain a constant flow of gas through the system, 
and suitable forms of valves and controlled leaks for 
this purpose are illustrated. The value of demount- 
able joints in enabling adjustments and replace- 
ments to be readily made within the system is 
obvious. The importance of starting with carefully 
ground joints and using a minimum of grease or 
wax for sealing purposes is emphasised. Rubber 
gaskets, often used in the assembly of metal com- 
ponents, require careful design, and representative 





examples are given. Under the heading of “ con- 
trols and gadgets,” a number of ingenious mechani- 
cal, magnetic and electrical contrivances for locating 
components within the evacuated space are de- 
scribed. The chapter on glass-blowing fundamentals 
outlines the procedures and precautions for obtain- 
ing satisfactory glass to glass unions and glass to 
metal seals, in so far as these can be conveyed by 
printed instructions. 

Vacuum system techniques cover a number of 
important points, including the use of short lengths 
of wide-bore tubing, the necessity of cleaning its 
walls thoroughly, methods of degassing by baking, 
electron bombardment and induction heating, the 
manipulation of alkali metals in a vacuum system, 
details of “getters” and of the sputtering and 
evaporating of metals in vacuo. Sound advice is 
provided on the systematic tracking down of leaks, 
a distinction being drawn between true leaks due to 
punctures in the chamber walls and virtual leaks 
arising from internal evolution of gas. This section 
of the book ends with a discussion of the relative 
merits of metal and glass vacuum systems. The 
remainder of the book is devoted to the generation 
of controlled beams of charged particles in vacuo 
and at very low pressures. Attention throughout is 
confined to practical aspects, theoretical discussions 
of conduction of electricity through gases or electron 
optics being excluded. The review of the sources 
of charged particles embraces the gas discharge, 
cold-cathode and photo-electric emitters, thermionic 
cathodes, and secondary electron emission, ending 
with a list of devices for generating ions. Methods 
for directing and controlling beams of charged 
particles by appropriately disposed magnetic and 
electric fields are treated in some detail, together 
with means of recording their point of impact on a 
fluorescent screen or photographic plate, including 
information on the preparation of fluorescent 
materials and on the properties of photographic 
emulsions. The necessity for accurate spacing and 
careful insulation of electrode systems demands 
special techniques of assembly which are indicated, 
as are also the procedures for processing the system 
when mounted. The final chapter contains notes 
on high-voltage equipment and on the preparation 
of thin organic films to serve as supports for speci- 
mens in electron microscopy and electron-diffraction 
experiments. 

A few misspellings were noted: Holwecke for 
Holweck on page 12, ductyl for ductile on page 114, 
unity for unit on page 185. In places, the English 
has a pronounced Teutonic flavour, but, these 
blemishes apart, the full directions, clear illustra- 
tions and helpful tables given by Professor Bachman 
will enable those with little experience in electronic 
techniques to proceed with the confidence born of 
knowledge and to avoid many of the mistakes 
commonly made by doing the wrong thing or trying 
to do the right thing in the wrong way. 





SHORT-SERVICE CQMMISSIONS IN THE R.N. INSTRUCTOR 
Brancu.—About a hundred short-service commissions 
in the Instructor Branch of the Royal Navy are being 
offered to university graduates and qualified teachers 
under 36 years of age. Commissions will be of three, 
four or five years’ duration, with tax-free gratuities of 
3002., 4002. and 5007. Officers having qualifications in 
mathematics, science and engineering are principally 
required, but a few vacancies exist for officers with 
degrees in other subjects. Applications for further 
details should be addressed to the Director (P), Education 
Department, Admiralty, London, 8.W.1. 





LARGE GASHOLDER FOR JOHANNESBURG.—Work on 
Johannesburg’s new three million cub.-ft. gasholder, 
which has taken two years to build, has now been 
completed and the structure has been tested. The new 
gasholder is constructed of 1,600 tons of steel plates and is 
situated at Germiston. Its capacity, it is stated, is equal 
the combined storage volume of the three existing gas- 
holders in Johannesburg, and it is anticipated that the 
new structure will give sufficient storage capacity to 
meet the city’s gas demands until 1955. The structure, 
which has cost. 143,0001., has been built with South 
African labour by Messrs. Dorman, Long (Africa) 
Limited, under the supervision of the designers, Messrs. 
Ashmore, Benson, Pease and Company, Limited, Park- 
field Works, Stockton-on-Tees. The gasholder will be 
put into service officially towards the end of the present 
montb. 
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OUTLOOK, 


XII.—GENERAL AND CONSTRUCTIONAL 
ENGINEERING. 

In this, the concluding article in the ‘‘ Engineering 
Outlook” series, it is to give a brief 
review of the activities of some of the sections of the 
engineering industry not so far covered, and to 
sum on the prospects of the industry as a whole. 
One of the more important of such sections is that 
which manufactures mechanical-handling equipment. 
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United States to unload Lease-Lend cargoes and for 
use on Combined Operations, gave a fillip to manu- 
facturers of mechanical-handling equipment in 
Britain, and much of this equipment, often with 
improvements in design and efficiency, is now being 
produced here. The fork-lift truck, used in conjunc- 
tion with the pallet (a platform or container), is one 
form of mechanical handling which appears to have a 
particularly bright future. The rising trend of output 
may be seen in Table I, herewith. Several firms 
are adopting it and insisting that their raw materials 
shall be delivered on pallets so that manhandling is 
avoided. For conveyors, production statistics are 





The first National Mechanical Handling Exhibi- 


not available before 1948, but during that year 


TABLE I. —UntrEp Kinepom: OvtTrpuT oF CERTAIN INDUSTRIES CLASSED AS GENERAL ENGINEERING. 


























| 
1948. 
| a 
— 1946. | 1947 | s. ] 
1st 2nd 8rd 4th 
| | Quarter. Quarter. Quarter 
Value (£1,000). | 
Internal-combustion engines .. 3 oa 927 | 1,702 | 2,226 2,131 | 2,107 1,605* 
Steam engines .. - re om ‘cal “6 OC 50 60 58 68* 
ra and pumping plant... KA 628 892 1,147 | 1,180 1,183 | 1,606° 
Woodworking machinery a rn rie 10 3h 327 sae | 500 pe 
Industrial furnaces Lone? 308 | 486 “2 | «49 565° 
M > uipment > “4 = 368 280 | 308 Sone 
8 ee —_— _ 
ypoaiees — ee od 82 150 154 166 107* 
Accounting and similar machinery - oof 191 | 313 428 522 500, 627* 
Other Office boo machinery ee 137 | 207 870 368 330 336* 
Printing and bookbinding machinery st 461 ny | 851 890 004 «=|—Cs«1,015* 
Tobacco and cigarette-making machinery . .| 169 al | 807, | 840 319 | 339° 
Number (thousands). | i 
| 
cal . \ 136 149 188 198 | 281 
Blectrical } wee {| 92 58 oe | eat 
Watches .. : 154 CO 236 284 289 - a 
Time recorders — 1,620 1,145 1,489 1,629 1,678¢ 
Time switches Bs ie ry —_ 7314 | = (6,747 11,187 18,148 12,807 
Sewing machines at i. ee 4 5 3 4 4 
Mechanically. led works trucks— 
Fork | Fanlts) ae 3 - 4 an 86 135 169 107° 
Other (units) * x ee J 279 170 276 340 355 281° 
Excavators (units) ee se a x 82 73 98 94 95 — 
Conveyors os ae os 4 on — | = 559 557 650 658° 
| | 
* October to November. t October. 


TABLE II.—Unirep KIne@pom: EXPORTS OF CERTAIN INDUSTRIES CLASSIFIED AS GENERAL ENGINEERING. 























| Volume (Tons). } Value (£1,000). 

| 1988, | 1947, | 1948, 1988. | 1947. | 1948, 

~ a . 2 -|]— . 
Air compressors, and exhausters ..| 3,640 5,676 | 7,168 578 1,882 695 
Boot and shoe shoe machinery a he 456 a 747 ea 4138 *8o8 
Cement-making machinery _. 951 5,418 6,701 84 518 684 
Concrete mixing Sechiony” . , 7560 6 Dt 6,532 129 1 os 1,307 
Condensers "| oes 2,487 1,182 296 "70 312 
Coe Eeetncet other eg aeiinny | MS. | Oe | M36 ots Ter 
| ower — LY similar digging machinery . | 5,776 | “es 7 681 ner rm 

ans—) ven os os o.0 ee _ _ 
a ion and sterilising machinery . .| aS | be oo pong | af —— 
oe oe ee os ++] F i 
Gas and chemical machinery . 4,166 5,880 10,177 329 992 1938 
~ . 1,975 | 5,901 | 980 326 1,467 Paes 
ida nd dry-cleaning machinery | Pal S051 | «(4400 149 $30 1 rt 
laws mowers _ atte "700 «|| «O87100—S |= s(8:746 138 | 844 1,015 
packeting and labelling machinery | So 0CO| «Cees Teor | 188 a0 tts 
Patane a sta a | | eee | oe | | 
a | . 9! | ’ | ?' 2 

Pep ant “ed 7,223 2'008 4256 | 729 596 1,212 
Pum 2 | geo | 14,806 17916 1,561 4,769 6,485 
Road t 2709 «| «48,654 | 8,052 258 1,676 1,002 
Sewing machines and parts | 4700 | 9474 | 15,819 1,262 2/394 4,780 
Tobacco and Tobasto and clgarette-making ‘machinery oss 0 |Ss«1,918 2'577 522 1.764 23588 
and refining machinery 8,368 13,505 | 19,884 566 1,781 2/148 
Wi * 2 .| 2188 3,402 3,830 250 818 954 
iy s , aee er ay ECE TAR a: 7.176 6558 | a 1,847 1,974 
codworking machinery |. |. ..| 1,441 3)244 5,610 | 231 916 1,849 
Ball and role and roller bearings eres Coe’ ee ee 2585 | 646 1,521 2/085 
Medical and surgical instruments 5) is | a 405 1,801 1,858 
other scentiic Instruments efter Syeges ee. | 908 2,067 4,524 
Clocks and watches ‘eee B ue e. i 104 1,146 1,827 
Total ; ‘ 105,487* | 186,040* | 230,289* 15,562 55,374 79,477 











* Exclusive of unavailable items marked ... 


tion, at which 130 firms exhibited, was opened at 
Olympia on July 12, 1948. Detailed reports were 
given in Enorvexrine of July 16 and July 23. 
The theme of the display was that the mechanisation 
of handling processes, as distinct from those of 
manufacture, may well be the industrial revolution 
of the present century. Here in Britain, where 
future prosperity hangs upon increased productivity, 
mechanical handling is ly vital. Even in 
those factories where the most modern fabricating 


introduction of equipment brought over from the 





monthly figures showed a rapidly rising output. 
Exports also increased considerably, amounting to 
about 25 per cent. of the output. 

The scientific instruments industry, which, besides 
playing an increasingly important part in assisting 
other industries to become more efficient, made an 
important contribution to the export drive, has, 
nevertheless, had a difficult year. Mr. E. 
chairman of Aeronautical and General Instruments, 
Limited, pointed out in his circulated statement 
for the annual general meeting in September, how 
the ‘‘ good camera ” industry, relatively new to this 
country, was hindered and discouraged by a crippling 








purchase tax of 66-6 per cent. “‘ Progress in the 
scientific development of high-precision instru- 
ments,” he’said, “‘should never be penalised and 

handicapped to this extent. On the contrary, 
encouragement is necessary in this highly technical 

work, so vital in the case of a national emérgency.”’ 
Inaletter to The Times on February 14, Mr. J. E.C. 

Bailey, President of the Scientific Instrument 
Manufacturers’ Association, drew attention to the 
revival of the German industry and ite threat to 
British exports. This industry, he said, suffered 
little damage during the war and, in accordance 
with the policy of the controlling powers, is being 
allowed to expand. Mr. Bailey claimed that lower 
wage rates had gained many contracts for the 
Germans, whose prices are 30 to 40 per cent. below 
the British. Recently, Ernst Leitz G.m.b.H. were 
able to tender to supply 400 microscopes for the 
Indian Government at a price 10,0001. below the 
lowest British tender, and they gained the order. 

In reply to Mr. Bailey, M. Henri Dumur, managing 
director of Leitz, pointed out that the Leitz wages 
rate was 2s. 9d. an hour, which, in a small provincial 
town, was not unduly low as compared with the 
British rate of 3s. Od. German prices were mote 
than 100 per cent. over those obtaining in 1939, 
while export prices were, in most cases, above home 
market prices. M. Dumur also pointed out that, 
as far back as 1919, the British industry was pro- 
tected by a “ key industries ” duty of 33-3 per cent.., 
since increased to 50 per cent. After 30 years this 
duty, designed to protect the British scientific 
instrument industry, while restricting sales of 
German apparatus in the British market, does not 
appear to have made British instruments more 
competitive. 

One branch of the instrument industry which is 
developing rapidly in Britain is the manufacture 
of watches and clocks. The monthly average 
output of mechanical clocks in the last quarter of 
1948 was double that of 1947, and the output of 
watches more than one-third greater. Although the 
world demand for watches appears to be falling off, 
British exports increased slightly in 1948. Swiss 
exports of watches in the first six months of 1948 
were 5 per cent. less by value than in the corres: 
ing period of 1947. Smith’s English Clocks, Limited, 
are already producing 3,000,000 clocks a year and 
hope ultimately to increase this to 5,000,000. The 
Carfin Works of this company are turning out 20,000 
alarm clocks a week and expect eventually to reach 
4,000. The Enfield Clock Company, a subsidiary 
of Smith’s English Clocks, has also achieved a high 
level of production. The Anglo Celtic Watch 
Company have started production of pocket watches 
at a new factory at Ystradgynlais, in South Wales ; 
the output is now 5,000 a month, but the factory is 
being extended to produce 100,000 a month. by 
1950. 

It is impossible to deal in detail with all the sections 
of the industry classed as general engineering, for 
which the output figures are given in Table I. All 
achieved a considerable expansion of output in 
1948, but two which may be selected for special 
mention are those concerned with the manufacture 
of office machinery, and printing and bookbinding 
machinery. The office machinery industry in 
Britain has been growing rapidly. The Ministry, of 
Supply has estimated that total production, inelud- 
ing typewriters, was 12-2/. millions in 1948, com- 
pared with 2-11. millions in 1938. Total exports in 
1948 were 8-4l. millions, which compares with 
1-01. million in 1938 (Table II). The expansion is 
expected to continue; the Ministry have forecast 
an increase in output of 50 per cent. in the next few 
years. In 1934, it may be noted, production of 
office machinery, of which typewriters accounted 
for half the output, was iess than 1-2/. millions. 
Most of the office machinery in use in the United 
Kingdom then came from the United States, Ger- 
many and Sweden. The dollar shortage is, perhaps, 
the most important single factor contributing to the 
British industry’s success. United States sales in 
this country have been kept very low for this 
Teason, and several American com: have 
increased the output of their British affiliated 
companies. Recently, the decision to transfer the 
Syracuse plant of the Remington-Rand Company to 
Hillington, Glasgow, was announced. The factory, 
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which produces portable typewriters, was scheduled 
to close down in America on February 7. 

In Bizonia, the German production of typewriters 
was about 40,000 units in 1948. Before the war, this 
area accounted for about 11 per cent. of the national 
output of 500,000 typewriters. Since the war, 
two new factories have started production and it is 
expected that output will double in 1949. The 
German home market absorbed all production in 
1948, but, it is believed Germany is now beginning 
to export. 

Manufacturers of printing and bookbinding 
machinery had a successful year in 1948 and hope 
to increase their output still more in 1949. Linotype 
and Machinery, Limited, state that their capacity 
for the manufacture of Linotype machines will be 
increased by at least 100 per cent. over their pre-war 
output as soon as supplies of steel and other materials 
improve. The export target fixed by the Ministry 
of Supply for Linotype machinery is 66 per cent. 
of output and for stereotyping machinery and print- 
ing presses, 75 per cent. Linotype and Machinery, 
Limited, claim to be maintaining these figures 
within a fraction. Inability to give prompt 
delivery, however, has already resulted in losses 
of orders, particularly for printing machinery. 
Rehabilitation of the industry in Germany is 
already well advanced, and, since German manu- 
facturers appear to be able to deliver more quickly 
than the British, they have made headway in some 
European markets. 

For the constructional engineering industry, 
1948 was a successful year. Supplies of steel 
improved considerably during the year. In the 
Monthly Digest of Statistics, this type of steel is 
listed under the heading of “‘other heavy steel 
products,” the output of which, in 1948, was 1-8 
million tons, as compared with 1-6 million tons in 
1947. Most of this increase was devoted to home 
consumption ; the increase in exports was only 
about 10,000 tons. Progress with investment 

and industrial rehabilitation at home 
and abread have meant full order-books. Manufac- 
turers of structural steelwork report a high level of 
activity in 1948. T. C. Jones and Company, for 
example, were working to capacity and increased 
their turnover by nearly 50 per cent. over the pre- 
vious year. Considerable progress was made with the 
new works of Horseley Bridge and Thomas Piggott, 
Limited, who claim that, when it is finished, this 
will be one of the finest and most modern construc- 
tional engineering works in ‘the country. One 
problem which the industry has to face is shortage 
of labour ; between December, 1947, and December, 
1948, the labour force declined by 10,000 to 54,900. 
The continuing prosperity of the industry seems 
assured by the Four Year Plan which envisages an 
expenditure on capital development in Britain of 
about .2,0001. millions per annum. 

The improvement in supplies of various compon- 
ents to the engineering industry in 1948 has been 
commented upon in previous articles. The shortage 
of ball and roller bearings seriously affected output 
in the engineering industry in 1947, but supplies 
greatly improved in 1948. Although the industry 
has concentrated on supplying the home market, 
exports increased in volume by about 30 per cent. 
in 1948 as compared with 1947. This is a reflection 
of the increased exports of cars and machinery, 
since the proportion of bearings going overseas is 
devoted mainly to the servicing of British-made 
products. Mr. Michael Déwar, chairman of British 
Timken, Limited, at the annual general meeting in 
July, e his company’s determination to 
ensure that they would not only fully supply the 
demands in this country, but would also be able in 
the coming months to fight again for the very con- 
siderable export trade which, they thought, could 
be obtained. Messrs. Ransome and Marles Bearing 
Company expect increased production in 1949 as 
new plant and premises become available. The 
Grantham factory, rented from the Board of Trade, 
has almost reached the production stage, and 
approval for extension to the Duston factory at 
Northampton was given by the Ministry of Supply 
in April. 


a further improvement may be expected in 1949. 
The Saunders Valve Company have additional 
productive: capacity under construction at their 
Cwmbran factory, which is expected to come into 
Operation in 1949. Improvements in the supply of 
raw materials have enabled manufacturers of gears 
to increase output and cut down arrears of orders. 
Some concern is being felt about future overseas 
demand; Mr. Walter Duckitt, chairman of the 
Moss Gear Company, said at the annual general 
meeting on December 1 that buyers abroad were 
becoming increasingly discriminating over prices, 
and this might affect the export trade in the next 
12 months. 

Nut and bolt manufacture will be profoundly 
affected by the new agreement on standards signed 
by the United States, Great Britain and Canada 
on November 18. The new standard screw threads, 
cut at an angle of 60 deg., are closer to the existing 
American than to British practice, and will mean 
extensive retooling here. While the change may 
be welcomed by manufacturers of engineering 
products who are increasing their exports to the 
Western Hemisphere, makers of goods mainly for 
the home market are not likely to adopt quickly the 
new standards, which, at present, are mandatory 
only for military equipment. Some toolmakers 
have been making threads to American standards 
for some time past; the Ford Motor Company 


car and the Ferguson tractor. 

The supply of castings seriously restricted output 
in the engineering industry in 1947, but in 1948 the 
position had improved considerably. Production of 
castings, including those of malleable cast iron, 
reached 3-28 million tons in 1948, as compared with 
2-84 million tons in 1947 and 2-5 million tons in 
1946. Deliveries of castings to the motor-vehicle 
industry in 1948, at 171,000 tons, were 11,600 tons 
higher than in 1947 ; the textile-machinery industry 
received 152,000 tons—29,000 tons more than in 
1947 ; and the machine-tool industry 172,000 tons— 
9,000 tons more. The 
increased from 418,000 tons in 1947 to 478,000 tons 
in 1948. Supplies for building and domestic 
equipment rose from 400,000 to 445,000 tons. The 
increase in output is due partly to the success which 
has attended the efforts made by manufacturers 
to increase their labour force. Considerable diffi- 
culty has been experienced in the post-war years in 
attracting suitable labour, since much of the work 
in foundries is dirty and unpleasant—though often, 
it may be remarked, not nearly so bad as it is made 
out to be. It may be assumed that improvement 
in the recruitment rate reflects the improvement in 
working conditions as a result of the adoption of the 
recommendations of the Joint Advisory Committee 
on Conditions in the Ironfoundries. Moreover, 
articles of apprenticeship have been made more 
attractive. In consequence, the personnel employed 
in January, 1949, at 136,000, was 5,300 higher than 
in January, 1948. The other factor limiting output 
in 1947 was the shortage of raw materials. In 
1948, the consumption of pig iron was 2-28 million 
tons—273,000 tons more than in 1947—and the 
consumption of scrap, 2-4 million tons, was 382,000 
tons higher. Little information about the relation 
between costs and prices in the foundry industry is 
available and while, in all probability, profit margins 
are not unreasonable, it is interesting to note that 
the section dealing with the manufacture of domestic 
castings is to be investigated by the Monopolies and 
Restrictive Practices Commission. 

Perhaps the most significant achievement of the 
engineering industry in 1948 was the attainment of 
the ambitious export targets set by the Board of 
Trade ; in 1948, the volume of exports was 60 per 
cent. above the level of 1947 and 130 per cent. above 
the level of 1938. Table III, herewith, shows that, 
while the largest increases on exports were made 
in the Dominions and Colonial markets, important 
progress was made in the hard-currency markets. 
The value of exports to the United States in 1948 
was three times as high as in 1947. 

The engineering industry has a vital part to 





The supply of many other components also 
improved considerably in 1948. Output of indus-. 


trial valves was 50 per cent. higher than in 1947 and | 


play in the Government’s Four Year Plan. The 
broad objective, according to the White Paper 


and Vauxhall Motors, Limited, already employ | Tur 
them, and the Standard Motor Company adopted | pay, 
them when they started production of the Vanguard | Iraq 


uction of cast-iron piping | - 








(Cmd. 7572) Memoranda submitted to the Organis::- 
tion for European Economic Co-operation relating 
to Economic Affairs in the period 1949 to 195:, 
is “to achieve by 1952 an aggregate output in 
mechanical and electrical erigineering 70 per cent. 
above the 1938 level; vehicles 35 per cent. and 
tools and implements 100 per cent.” Investment 
by British industry as a whole in plant, machinery 


TABLE III.—United Kingdom: Exports of Machinery by 
Value (£1,000), 








To | 1938, | 1947. | 1043. 

Eire .. 3 at -.| 1,609 5,851 | 7,900 
Palestine .. * wel 186 3,125 1,376 
British West Africa ..| 1,059 1,855 | 3,442 
Union of South Africa rs 7,503 14,347 | 20,528 
Southern Rhodesia .. | 442 1,234 1,915 
British East Africa .. oe 505 2,268 5,339 
India, Pakistan, etc. 7,886 | 29,957 36,086 
British Malaya ; 1,692 3,246 3,393 
Australia a | 4,812 10,621 19,306 
New Zealand. . 1,692 4,496 7,625 
x | 1,558 3,663 5,120 

Soviet Union. . | $848 10,408 | 3,538 
Finland a 548, 1,508 2,875 
Sweden | 1,028 j 4,836 9,235 
Norway 405 3,483 4,649 
Denmark | 519 | 21899 4,598 
Poland : | 1,025 997 1,120 
Netherlands . 1,975 6,517 10,680 
Belgium ‘ 894 5,453 7,040 
France " | 1,428 4,874 8,230 
Switzerland . 285 1,832 2,441 
Portugal . 307 1,968 3,240 
Spain .. , 136 1,276 1,951 
key ad 608 2,085 | 3,021 
Dutch East Indies | 330 1,213 2,599 
* a 794 5,256 7,027 

es 432 2,664 3,823 

Iran .. 1157 2,326 3,598 
na os 1,013 2,586 2,447 
United States 628 2,128 348 
Vv 2? 137 1,865 3,193 
Brazil ee 1,226 | 4,997 6,455 
tina .. 1,339 5,310 8,949 

Other countries --| 9,868 23,503 | 34,626 
Total .. ..| 57,868 | 253,713 
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TABLE IV.—LEstimated Increase in Output of Certain 
Sections of the Engineering Industry in 1950 as Compared 
with 1948. 


Estimated Increase in Output. 








Product. 
Wheeled tractors -, 10 per cent. (100 per cent. in sizes 
over 40 h.p.) 
Crawler tractors } 150 per cent. 
Power plant .. 15 per cent. 
Automatic looms | 10 cent. 
Hosiery machinery New and rising supply 
specially designed to meet the lay-out 
of small factories. 
Machine tools Start of production on ¢; for which 
| the United Kingdom viously 
relied on imports from and 
other sources. 
Chemical plant : 20 per cent. 
Steel and non-ferrous | 
metal] manufacturing 
B- ce ..| 20 per cent. 
..| 10 per cent. 
Enamelled wire ..| 50 per cent. 
Contractor's plant ..| 15 per cent. increase in exports. 
Coal-face machinery | 30 per cent, increase in exports. 





and vehicles during 1949-50 is to total about 650]. 
millions. This is about 40 per cent. above the pre- 
war level, as compared with 20 per cent. in 1947. 
Moreover, it is hoped to maintain exports at or 
near the level achieved at the end of 1948, though 
this will require a larger export of capital goods to 
compensate for the probable reduction in demand 
for some semi-durable goods. The main energies 
of the engineering industry are to be directed to the 
production of those goods which provide the means 
of expansion and modernisation of industrial and 
agricultural processes in the United Kingdom and 
also upon making larger supplies of this kind 
available for export. Examples of the scale of 
effort required are given in Table IV, herewith. 
The engineering industry as a whole is already 
producing 40 per cent. more than in 1938, and 
exporting already about 40 per cent. of the total out- 
put; further increases depend upon improved 
supplies of steel and timber. The outlook for more 
steel is not very hopeful ; although 1949 is an impor- 
tant year in the investment programme of the iron 
and steel industry—capital expenditure on plant and 
building is estimated at 40/.. millions—the increase 
in output of iron and steel which will be realised 
during the year will be relatively small. Consider- 
able progress should be made with work at Corby, 
Northamptonshire. Full development there will 
raise the -steel-making capacity by about 700,000 
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ingot tons a year; 140,000 tons of this is expected 
to be available by the middle of 1950. By the same 
time, blast-furnace capacity for steel-making pig 
jron in the country will be increased by half a million 
tons, and a total of 7-7 million tons of pig iron will be 
produced. 

A serious shortage in wire rod became more acute 
in 1948 ; the output in 1948 was far short of require- 
ments and supplies from abroad were not readily 
available. The position should be easier by the 
middle of 1950 when new capacity for billets and 
wire rod is due to come into production. Britain, 
however, will be largely dependent upon imported 
supplies until 1952, when the output of wire rod 
is expected to be about a million tons a year. 

The production of ingots and castings in 1949 
will not be much in excess of 15-5 million tons, as 
compared with 14-9 million tons in 1948. Imports 
of steel will amount to a further one million tons, but 
in order to secure the delivery of essential commo- 
dities and to assist economic recovery in Europe 
it will be necessary to e 
. The amount of steel available for home consumption 
and manufactured goods, therefore, cannot exceed 


15-3 million tons ingot equivalent, an improvement | P°®” 


of only about 400,000 tons as compared with 1948. 
This means that many sections of the engineering 
industry must continue to work below capacity. 
By 1952, the finished-steel supply may be 17 to 18 
million tons, as compared with 14-8 millions in 
1948. This is expected to permit the realisation of 
both the investment and export programme. At 
present, the total supplies of steel are being used in 
the proportions 60 per cent. for home investment 
and 32 per cent. for exports in direct form or as 
manufactures, and 8 per cent. for defence and for 
consumer goods for the home market. As the 
investment programme will require, in future, 
10 million tons of steel (ingot equivalent) per annum, 
this means, roughly, a continuation of the present 
distribution. The supply of timber will 

upon the e ble surpluses of other countries and 
on the ability of the United Kingdom to finance 
timber imports. It is expected that, in 1952-53, 
5-7 million cubic metres of softwood will be available 
as compared with a consumption of 4-6 million 
cubic metres in 1948-49, 

While it is unlikely that raw-material supplies will 
endanger the realisation of the Four-Year Plan, 
there are other difficulties to be considered. One 
of the most important is the high cost of machinery 
and plant: While depreciation allowances are 
woefully out of line with replacement costs, and 
while many manufacturers have good cause to fear 
that, in the long run, when the buyer’s market 
returns, new machinery may not earn sufficient 
to cover its cost, manufacturers may not undertake 
the re-equipment and expansion of capacity visua- 
lised in the investment programme. This would be 
most serious at a time when the need to increase 
productivity and to improve the competitive 
position of British goods in overseas markets 
probably warrants extensive re-equipment. Rising 
costs during 1949 may prevent the engineering 
industry from realising its export programme. The 
most urgent re-equipment and rehabilitation 
programmes in most overseas countries are now well 
under way and, therefore, a slackening in the 
urgency of demand for investment goods may be 
expected. American manufacturers, facing declin- 
ing domestic sales, are being driven into the export 
markets. The dollar shortage may exclude them 
from some markets, but many countries are now 
finding the shortage of sterling almost as serious 
as that of dollars, and are imposing import restric- 
tions on British goods. The deterioration in trading 
conditions has been brought home strikingly in 
the case of the Ferguson tractor. A three-day 
working week has been instituted for the 4,000 
employees of the Standard Motor Company at 
Coventry and the production of tractors is to be 
reduced to less than 1,000 a week, as compared 
with 1,500 in January. This, according to Mr. 
Harry Ferguson, was entirély due to restrictions 
on tradé in Argentina, France, “‘ and other countries 
which at the moment I cannot name.” German 
competition over 4 wide range of engineering 
products is already being felt, and, though favour- 
able exchange rates have been responsible for some 





1-2 million tons. | ® 





German successes, their costs on the whole appear 
to be substantially below the British. The quality 
of British products in general compares well with 
those of foreign manufacturers, and the establish- 
ment of sales agencies and maintenance depots in 
many Overseas countries has allayed buyers’ fears 
that spare parts will not be available ; but, in an 
era of keen price competition, success will be main- 
tained only if costs are cut. Standardisation has | ot 
an important part to play in the reduction of costs, 
and while many sections of the engineering industry, 
notably the motor-vehicle industry, are reporting a 
great deal of activity in this direction, very little 
headway seems to have been made. No single 
simple prescription for the reduction of costs, how- 
pon ts is likely to the answer; as the Joint 

Penae Bg -ccartn on Productivity have 
eon te out, little adverse criticism can be levelled | ™ 
at the more efficient industrial units in Britain, 
whose methods compare well with those of their 
counterparts in the United States. The problem 
to be one of raising the level of the less 
efficient to that of the more efficient. 

Rehabilitation in Western Europe under the Euro- 

Recovery should mean expanding 
markets there for the British engineering industry. 
The fear that Marshall Aid may be used as a means 
of financing American exports is probably exagger- 
ated, although there will doubtless be pressure from 
American manufacturers to have their surplus 
products included among deliveries under the pro- 
gramme. Imports of machinery by participating 
countries, including vehicles and agricultural 
machinery, from the outside world (mainly the 
United States), represent only about 15 to 20 per 
cent. of the total new machinery requirements, and 
are appreciabiy less than the exports of the partici- 
pants. The Organisation for European Economic 
Co-operation, however, considers that the import 

of the various countries still include 
certain kinds of plant which could be obtained 
within Europe. For this, payments difficulties and 
the long delivery periods often required are largely 
responsible. Since the delivery periods quoted by 
British manufacturers are now improving, some of 
the participating countries may, perhaps, revise 
their estimates of requirements from the United | ad 
States and take British machinery. 

The engineering industry as a whole has good rea- 
son to expect continuing prosperity over the next 
few years. During 1948, there was some decline 
in orders on hand for many types of machinery and 


equipment and, in some cases, deli is now 
virtually Sn ee ee eee 
be seen in its proper perspective. The danger 
signal has been given, however, and if British goods 
ate to main SS ee ee ee ee 
the question of costs must be given the closest 
attention. 





THE LATE Mr. W.F. ROwDEN.—We record with regret 
the death of Mr. William Frederick Rowden, which 


occurred on Merch 17, at his home at Hatch End, Middle- | ; 


sex, after a long illness. Mr. Rowden, who was a director 
of the Climax Molybdenum Company. of Europe, Limited, 
2 and 3, Crosby-square, London, E.C.3, was born on 
May 30, 1897, and served an engineering apprenticeship 
in the Openshaw Works of Messrs. Sir W. G. Armstrong, 
Whitworth and Company, Limited. After completing 
his time he was made assistant to the manager of the 
heavy-forge department of the firm for two years and was 
then shift manager of the open-hearth steel-furnace 
department for a further ten years. In 1930, he joined the 
staff of High Speed Steel Alloys, Limited, Widnes, as a 
metallurgical engineer and was engaged on the develop- 
ment of molybdenum and other alloy steels. In April, 
1937, he joined the research and development department 
of the Mond Nickel Company, Limited, in London, but 
left at the end of the following year to enter the service of 
the European organisation of the Climax Molybdenum 
Company. Subsequently, he was appointed a director 
of the Climax Company of Europe. During the recent 
war he rendered valuable service as a metallurgical adviser 
to the Department of Tank Design, Ministry of Supply. 
He maintained a close liaison with American metallurgical 
practice and made frequent journeys to the United States. 
It was on his return from the last of these journeys that 
he became ill. Mr. Rowden was a member of the Iron 
and. Steel Institute, the Institute of Metals, the Institute 
of British Foundrymen, the Institute of Welding, the 

Manchester Association of Engineers, and the Manchester 
Metallurgical Society. 


RUBBER LININGS FOR CHEMICAL 
PLANT. 


OwIne he unique he myers! rubber, the chemi- 
cal and allied manufacturing industries are 
the material to an increasing extent for lining con- 
tainers and equipment. Not only does rubber resist 
the action of many corrosive fluids, but linings or coat- 
ne 9 the material can be applied in situ to tanks and 
apparatus. Thus, Sat" tanks for hydrochloric 
acid may be of wood or , and a lining of either 
hard or soft rubber, to the conditions which 
have to be met in use, is applied in thicknesses of from 
2to4mm. The vessel is first thoroughly cleaned by a 
suitable method, such as sand- . Sheets of 
rubber, and the walls of the vessel, are then coated 
with adhesive solution. After allowing the solvent to 
evaporate the sheeting is placed in position, like wall- 
paper, and pressed into close contact with the wood or 
metal by means of hand rollers, to expel 
entra air. adoption of rubber 
nat ly decided by the chemical resistance 
by the material to the fluids to be handled and, if any 
doubts exist, it is as well.to perform the simple test of 
hanging # number of strips o metal, coated with rubber 
made from suitable mixes, in the fluid con- 
cerned. If suitable, the rubber should be unaffected 
after exposure, and what is of equal im the 
underlying metal should be found to free from 
corrosion after stripping off the rubber. 
A wide range of rubber mixes is now available, and 
to a list published recently in Rubber in 
C Engineering, a publication of the British 
Rubber o Developm Board, Market Buildings, Mark- 
lane, London, E.C.3, mixes are available which will 
resist arsenic, carbonic, hydrofluoric, hydrochloric, 
phosphoric, sulphuric and other acids of various con- 
centrations, and at temperatures of up to 65 deg. C. 
(150 deg. F.). Dr. J. P. Lawrie, who has drawn our 
attention to these data, states that rubber is a suit- 
able lining material for vessels. intended for amyl 
alcohol, castor oil, furfural, glycerine, methyl alcohol, 
mineral oils, tartaric acid, v and other liquids 
and that even gases, such as slater dealin. aonb 
stored in rubber-lined eet Rubber also 
vides an excellent protective layer for pi or etchi 
baths, plating solutions, photographic solutions, dyes, 
and for the storage of ammonium salts and other chemi. 
cals. An alternative method of lining tanks and con- 
Sten ee cnet nner eende Momener ty 
ying or dipping and continuing the process until the 
revine | desired thickness i obtained. wet one aa 
vantages, in that larger ped 
juipment can be dealt with than b: the usual method. 
en the requisite thickness has theme ‘Genus 
liquid content of the latex is dried off and the deposit 
vulcanised as a continuous sheet or co 
uf type cen is marketed under a variety 
names, is Sading Snesneting epplention in.indey- 
try, is chlorinated rubber. In this uct the un- 
easated Sotly basse, thn suinenigesennien 
molecule take up the same manner as 
sul; Seer cuturs indy coutblastig Utth Stertesier tation 
valentin. Moreover, as chlorine will also displace 
hydrogen in the form of hydrogen chloride, the chlorine 
creased 


spacer 

it resists atmospheric oxidation. It is 
chiefly in anti-corrosive paints giving a 

elastic film which offers a very high resist- ik 


ance to the passage of water vapour. 





Royal Am FORCE TO ADOPT THE DE HAVITLAND 
“ CHIPMUNE.”—It has been announced that, after exten- 
sive trials carried out by the Royal Air Force, the de 
Havilland Chipmunk has been adopted to repl the 
Tiger Moth at all Reserve Flying Schools. It will thus 
become the standard aircraft for pilot training in the 
Royal Air Force Volunteer Reserve and many of this type 
will be entering the service during the next few years. 
The Chipmunk was designed and built by de Havilland 
Aircraft of Canada, Limited, and flew for the first time in 
May, 1946. It is a low-wing single-engine dual-control 
monoplane of metal. construction having a span of 
34 ft. 4 in., a length of 25 ft. 5 in., and a height of 7 ft. 
The seats are arranged in tandem within a single-piece 
transparent sliding canopy and, in order to simulate 
night-flying conditions, the aircraft is provided with 
amber screens which can be installed when in flight. 
A more complete description of the aircraft was given in 
ENGINEERING, vol. 164, page 307 (1947), where it was 
described in connection with the Society.of British Air- 
craft Constructors’ annual fiying display and static 








exhibition. 
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BORE-MEASURING MICROMETER. 


Tue photograph and drawings uced in Figs. 1, 
2 and 3, on this page, show the Matrix Micro-Maag 
internal micrometer, which has been introduced 
by the Coventry Gauge and Tool Company, Lim 
Coventry. Equipped with a range of eleven measuring 
heads, some extension pieces and tapered plugs, it is 
suitable for measuring bores between 1 in and 2 in. 
in diameter and up to 15 in. ~~ to within 0-0001 in. 
The arrangement of a tapered plug, moved axially by 
@ micrometer head and bearing on radial anvils which 
measure the bore, is familiar, but the method of ensuring 
that the anvils always bear on M4 bore with fon tel 
tially the same , practi independently o 
the Tove applied by the user, we Salibve to be aovel 
The plug, a (Fig. 3), has a 10 per cent. taper, so that a 
considerable axial movement of the plug corresponds 
to a small radial movement of the anvils. The axial 
movement of the plug is measured by a micrometer 
head in the usual way. Such an arrangement of tapered 
plug and micrometer screw, however, leads to a sub- 
stantial magnification of the force applied by the 
user to the micrometer head—an undesirable feature, 
since accurate measurement requires a moderate and 
‘constant radial force on the anvils. This difficulty is 
overcome by employing a helical spring in the micro- 
meter head, which provides the main force on the 

An ebonite finger grip b, which is free to slide on the 
body of the instrument, is connected to an axial 
member c, by a diametral pin. The helical spring d, 
pushes the axial member forward, and, through it, the 
plug. The knurled part of the micrometer 
is connected to an internal rod e, which bears on 
axial member c. To measure a bore, the graduated 

of the micrometer head is turned back as far as it 
go; the plug is withdrawn, against the pressure 
the spring, by means of the finger grip, thus releasing 
anvils ; et et mente fe tm ie fad 


i 


sant 


s§ 
: 
' 
[ 


turned 

taken to the nearest 0-0001 in. The drum is then 
turned back, the finger grip is retracted, and the 
instrument removed from bore. 


checking jig-boring, machining and grinding operations, 
and for finished-work inspection. iis 





ScorrisH CoaL STaTistics ror 1948.—<According to 
statistics given by Mr. Alfred Robens, Parliamentary 
Secretary to the Ministry of Fuel and Power, the pro- 
visional figures of the output of coal from all sources 
in Scotland for 1948 was 24,700,000 tons. The total 
disposals for inland consumption in Scotland amounted 
to 21,300,000 tons, and bunker shipments to Northern 
Ireland and exports abroad totalled 3,100,000 tons. The 
Balance of 300,000 tons represented the excess of the 
disposals of coal from Scotland to England over receipts 
of coal from England. Disposals of Scottish large coal 
accounted for 9,200,000 tons, of which 7,800,000 tons 
were sold for consumption in Scotland, 1,200,000 tons 
were dispatched as bunkers or were shipped to Northern 
Treland, ahd 200,000 tons were exported abroad. In 
addition, 400,000 tons were imported into Scotland from 
England. 
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AERODYNAMICAL BALANCE FOR 
HIGH-SPEED WIND TUNNEL. 
(Concluded from page 225.) 

Tue rolling and yawing moments as well as the 
lateral forces are measured by a mechanism, which is 
most easily understood from the simplified diagrams, 
Figs. 18 and. 19, opposite. In Fig. 18, each wing 
strut is shown mounted on an inverted V-shaped 
base frame, which, her with its strut, forms an 
inverted Y-shaped structure. Each of these structures 
is hinged at its lower ends to the transverse roll-yaw 
beams a and 6. (For the time being the hinges should 
be considered to be flexible in all directions.) The roll- 
yaw beams are pivoted at their centres from the turn- 
table which, for the sake of clarity, is not shown. Lift 
and drag forces are therefore transmitted from the 
wing struts to the fulcrum points of the roll-yaw 
beams and thence to their respective balances in the 
lower section. The pitching-moment couple is similarly 
transmitted to the turntable and is measured in the 
manner already described. A short vertical bracket 
is shown fixed to each roll-yaw beam below ite fulcram 
point. These brackets are flexibly linked through bell- 
crank levers, pivoted from the turntable, to the ends 
of & horizontal compensating beam c. 

When the aircraft model begins to roll, one of the 
inverted Y structures descends while the other rises. 
Hence, both roll-yaw beams tilt in the direction of the 


.| rol. For example, an anti-clockwise roll (looking 
The | forward) pulls on both bell-crank levers and thereby 


raises the compensating beam bodily. Similarly, a 
clockwise roll causes the beam to fall. On the other 
hand, a yaw (i.e., a turning moment about the vertical 
axis) swings or tilts the inverted Y structures in 
directions, i.e., it raises the front hinge of one structure, 
while lowering the front hinge of the other. This action 
tilts the roll-yaw beams in opposite directions an 
in these circumstances, one end of the com i 
beam is downward while the other end is fo 


. 19 
with the roll and yaw weighbeams are actually 











rie. 1. 





the turntable. Under the action of roll, both th® 


com beam, and therefore the floating frame, 
rise or fall ther—thus actuating the secondary 
levers and ena the rolling moment to be balanced 


and measured by the roll weighbeam. The tilting of 
the compensating beam due to yaw does not, however, 
affect the position of its central point, from which 
the floating frame is suspended. Hence the secondary 
levers and roll weighbeam remain undisturbed by yaw. 
As indicated in Fig. 19, the weighbeam h, for balancing 
yaw, is mounted the ing frame, and is actu- 
ated a bell-crank lever which is also pivoted 
from this . This, bell-crank is linked to a ver- 
tical bracket fixed to the compensating beam below 
its central suspension point. Tilting of the beam 
due to yaw therefore operates the -crank and the 
yaw weighbeam fh. On the other hand, the vertical 
movements of the beam and the frame due to roll, 
exercise no a on the bell-crank, so 
me the yaw weigh remains free from the effects 
of roll. 

The method adopted for measuring the lateral forces 
acting on the model is also shown in Fig, 18. Trans- 
verse rods d and e connect the wing-supporting 
structures through flexible joints to a common bell- 
crank lever which is pivoted from the turntable and 
linked to a weighbeam arm (not shown). Lateral 
shift of the model, therefore causes the supporting 
structures to rotate in similar directions about longi- 
tudinal axes peesing through the lower hinges. This 
actuates the -crank, thereby enabling lateral 
force to be balanced by the weighbeam loads. 

A photograph g some of the roll-yaw mech- 
anism is reproduced in Fig. 21, on page 276. This 
illustration also shows the downstream end of the 
pitching-moment lever, and its two welded-steel sup- 
porting frames, with part of the lateral-force 
weighbeam, which is assembled on the starboard side of 
the balance. The roll and yaw weighbeams, together 
with their ing structures, floating frame, etc., 
are assem on the port side, certain parts being 
visible on the left-hand side of Fig. 21. e inverted 
V frames, which support the wing struts and link the 
roll-yaw beams, are made of fabricated steel, and are 
aligned outside and parallel with the pitching-moment 
lever frame. Each inverted frame has 4 

ined surface at the top to which is bolted one of the 
two traversing slide boxes for receiving the lower ends of 
a wing strut. The two boxes each contain a cast-iron 
plate with a central socket ; this can be traversed | ft. 
along the box by means of screw and hand-wheel. 
The wing-struts are fixed to these sockets so that 
the distance between the struts can be varied from the 
2 ft., previously mentioned, to 4 ft. The assembly is 
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arranged with the bases of the boxes } in. above the 
top faces of the pitching-moment lever frames. 
The insertion of } in. steel shims enables the slide boxes 
to be bolted to these frames, thereby converting the 
balance to a three-component unit for the measurement 
of lift, drag and pitching moment. 

Reference to fig. 18 shows that each of the four 
hinges at the lower ends of the inverted Y 
structures has to withstand direct loading in three 
directions, viz., vertically in order to transmit lift and 
to ca some of the dead weight of the system, 
lon; ally in order to tra it drag, and trans- 
versely in order to allow the lower ends of each struc- 
ture to serve as a fulcrum for the lateral forces. More- 
over, in order to operate the roll and yaw weighbeams, 
each hinge has to be flexible, both in the transverse and 
longitudinal directions. It was not found possible to 
devise a simple unit which would meet all these require- 
ments sati ily, and the problem was finally 
solved by the use of round “springs” and additional 
linkwork, the latter being employed to resist the effects 
of horizontal loading. One of these “springs” is 
visible in a vertical position in the lower left-hand side 
of Fig. 21. It forms one of the four hinges which 
join the lower ends of the two inverted Y-shaped 
structures to the roll-yaw beams, this unit 
joining the downstream end of the starboard structure 
to the starboard corner of the downstream roll-yaw 


The type of “ spring” just mentioned is flexible in 
any direction my en eo to its axis, but can only 
withstand direct ing in an axial direction. Thus 
the unit shown withstands the axial forces due to dead- 
weight and lift, and allows for the relative rotation of 
the roll-yaw beams and their associated structures. By 





itself, however, it cannot withstand the horizontal 
loads due to the drag and lateral forces. In order to 
resist these loads, therefore, each of the four hinges is 
indirectly tied to the turntable by means of long steel 
rods. A transverse rod is taken from each of the lower 
ends of the inverted V frames to resist the lateral 
forces, while the drag loads are resisted by a longi- 
tudinal rod taken from each of the two downstream 
ends. These rods are not. shown in Fig. 18, or in 
Fig. 21. In effect, however, they fix the position of 
the hinges in relation to the turntable, while the springs 
permit the necessary flexure. 

In order to provide rigid supports for the fulora 
of the two roll-yaw beams, channels are bolted 
to the turntable, two at the upstream end and two 
at the downstream end. These channels are aligned 
parallel with the pitching-moment lever, and, as shown 
in Fig. 21, overhang the turntable. Those at each 
end are spaced 1 ft. 6 in. apart, and are bridged 
by brackets from which the roll-yaw beams are 
suspended on crossed-spring centres. These beams 
are also built of channel, the horizontal centre line of 
each being 3 ft. from the vertical axis of the turn- 
table. Four channels are also bolted to the turntable 
in order to mount the supporting structures for the 
various levers shown in. Figs. 18 and 19. Two fabri- 
cated-steel supporting frames are bolted to facings on 
these channels and lie horizontally 1 ft. apart. 

Each of these supporting frames comprises a horizon- 
tal channel mounted on two vertical channels, the whole 
being stiffened by }-in. steel plate. The two rolling- 
moment secondary levers (e and f in Fig. 19) are 
suspended on crossed-springs from brackets which 


bridge these two ing frames. The floating-frame 
Saaehah tre nih cad jeune cpu ie pen 








and tied together by mild-steel plates. Mounted at 
each end, as indicated in Fig. 19, is a vertical bracket, 
which is attached by crossed-spring centres to the 
pay end of one of the above-mentioned secondary 
levers. The other ends of these levers are flexibly 
connected in a manner similar to that employed for 
the two main lift levers and are connected = a short 
vertical link to the rolling-moment weighbeam. This, 
together with its loading gear, etc., is mounted from 
the eupporting tome. e method of connecting the 
lift has been described previously. 

A fabricated-steel pillar is also bolted to the floati 
frame ; this pillar supports the yawing-moment weigh- 
beam arm, which, as in other cases, is suspended from 
crossed-springs. Facings are provided on the frame 
for mounting brackets which carry the auxiliary gear 
of the yaw weighbeam. A link, 3 ft. in length, connects 
this weighbeam to the bell-crank pivoted on the under- 
side of the floating frame, the link being forked in order 
to clear the roll weighbeam. A short link connects this 
bell-crank to a bracket bolted to the lower side 
of the com beam. This, as well as all bell- 
cranks, brackets, etc., are made of welded steel plate, 
while the connecting links are of solid-drawn mild- 
steel tubing. All these components are made suffi- 
ciently rigid to reduce bending and stretching to very 
small ions, thereby ensuring the stipulated 
accuracy of measurement. Other photographs of the 
roll-yaw mechanisms and balances are reproduced in 
Figs. 22 to 24, on page 276. 

As shown in Figs. 21 and 23, the lateral-force weigh- 
beam is assembled on the starboard side of the balance ; 
it is operated in a manner very similar to that shown in 
Fig. 18. A bracket is bolted to the top facing of each 
wing strut supporting frame (i.e, the inverted V 
frame); and the two brackets are connected by a 
single transverse rod, instead of the two as shown in 
Fig. 18. Each end of the rod is fitted with a round 
spring of the type shown in Fig. 21, the connection to the 
brackets being made through these springs. This ar- 
rangement gives the necessary flexure between the rod 
and each of the s ing structures. A universal 
joint is attached to the centre of the transverse rod, 
and is connected to the primary end of a bell-crank 
lever. This lever pivots on crossed-springs which 
are mounted on brackets bolted to the starboard 
pitching-moment lever support frame. In effect, 
therefore, the lever pivots from the turntable itself. 
The other end of the bell-crank is linked by a universal 
joint to a secondary lever which lies longitudinally 
on the starboard side of the balance. This lever is 
attached to the lateral-force — oa to- 
gether with ite loading gear, etc., e lever, is 
mounted from channels built out from the starboard 
side of the turntable, 

The sides of the wind tunnel are fitted with observa- 
tion windows in order that the aircraft model can be 
viewed during the course of a test, the windows being 
arranged in line with a transverse ey te ey 
the working portion of the tunnel. h window is 
made of optically flat glass, so that, if required, Schleiren 
photographs can be taken of the air flow the model. 
A photograph of a section of the control room is repro- 
duced in Fig. 20, on this page. This illustration 
shows the general arrangement of the instrument 
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panels and control desks. Operation of the various 
motors which drive the balance mechanisms and of the 
tunnel plant itself, the adjustment of air tem- 

ture, and pressure in the tunnel, can all be effected 

the control room. The wind ‘speed is measured 
by means of an automatic manometer balance, which 
is situated behind the extreme right-hand side of the 
panel near the observation window. 

The instrument panel itself is divided into two 
main sections ; on the left are mounted the amplifie 
for the weighbeam lead-screw motors. These —_ 
fiers are arranged in a vertical rack and are led 
by an upward draught of air; forced cooling is 
employed, since the amplifiers together dissipate about 
1 kW. Air is blown in by a small fan through a 
duct under the floor, and then 


front, who can te the poh. bayer by means 
of a button on the control desk. A counter in the 
centre of the panel moves one unit each time the 
camera shutter is operated, and automatically gives a 
reference number to each photograph. The various 
operating motors are controlle by push-button switches 
mounted on the control desks. Hand, automatic, and 
off switches are provided for the rider and dropweight 
control of each component balance, so that either 
manual or automatic adjustment of the weighbeam 
loads may be chosen. If automatic control is selected, 
balancing and measurement is carried out to give a 
continuous register in the manner already described. 





CONTRACTS. 


Messrs. THE NorRTH BRITISH LOCOMOTIVE COMPANY, 
LimtreD, Glasgow, have received an order for 18 loco- 
motives, each valued at approximately 20,0001., from 
the Egyptian State Railways. Other orders placed 
recently include five locomotives for the Sudan Govern- 
ment Railways, 16 for the West African Railways and 
Harbours, and 10 for the Western Australian Railways. 


Messrs. THE POWER-GaS CORPORATION, LIMITED, 
Parkfield Works, Stockton-on-Tees, have received a 
contract for extensions to an existing gas-making plant 
for a South African industrial company. The installation 
will be an aut tically-operated water-gas plant with 
mechanical ash extraction. The contract is similar in 
many respects to the gas-making sections of other current 
contracts held by the Power-Gas Corporation, namely, 
for fertiliser plants for the Government of India and for 
@ Dutch organisation. The new plant will incorporate 
several modern developments, including an adaptation 
of the Lockheed hydraulic equipment for the cyclical 
operation of gas-making plant. 


MESSRS. ASSOCIATED BRITISH OIL ENGINES LIMITED, 
Duke’s-court, 32, Duke-street, London, S.W:1, ‘have 
received an order from Oy Mercantile, their agents in 
Finland, for 20 Mirrlees “‘T.L.G.R.B. 5” five-cylinder 
marine-propulsion Diesel engines for Messrs. Soveta of 
Helsinki, for installation in fishing vessels. These engines 
are fitted with reverse-reduction gear and are rated at 
240 s.h.p. at 600 r.p.m. Another order from Finland 
is for a Mirrlees “ H.F.R.A.S.8 ” eight-cylinder super- 
charged marine engine rated at 1,100 s.h.p., at 300 r.p.m., 
and two McLaren “‘ M.R. 5 ’”’ 60-kW auxiliary generating 
sets to be installed in an oj] tanker for Wartsila Koncernen 
Ab. Other orders received include one for a Mirrlees 
six-cylinder marine engine rated at 540 s.h.p., at 300 
r.p.m., for the Faroe Islands; another for a McLaren 
six-cylinder marine engine with 2:1 reduction gear 
rated (continuous) at 120 s.h.p., at 1,000 r.p.m., for Siam ; 
and a third for a Mirrlees five-cylinder marine engine 
rated at 240 s.h.p., at 600 r.p.m., for a fishing vessel to 
be built by Mr. George Forbes, of Peterhead. 








HEATING BOILERS FOR BUCKINGHAM PALACE.—Three 
Thermax-type boilers are being provided by Messrs. 
Ruston and Hornsby, Limited, Lincoln, for the heating 
system of Buckingham Palace, which is being over- 
hauled. Each boiler has an internal heating surface of 
1,000 sq. ft., and is designed for an output of 6,000,000 
B.Th.U. per hour. They are 12 ft. in. length over the 
tubeplates and 8 ft. in diameter; the working pressure 
is 100 lb. per square inch. Pool heavy fuel oil, having a 
ealorific value of 18,750 B.Th.U. per pound, will be used. 
The boilers will supply water at 350 deg. F., and the 
return temperature will be about 270 deg. F. They are 
being installed by Messrs. G. N. Haden and Sons, Limited, 
19," Woburn-place, London, W.U.1, under the direction 


BRITISH. STANDARD 
SPECIFICATIONS. 

Tue following publications of engineering interest 
Copies are obtaina e Departmen’ 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 

Nomenclature of Metallic Finishes.—A new specifica- 
tion, B.S. No. 1448, has been with the object 
of enabling a purchaser of articles finished by 


no uniformity in this respect. A term such as “ oxy- 
silver,” for example, may cover a whole range of 
finishes. The new specification ides for finishes 
to be defined with regard to characteristics, 
namely, the nature of the surface, the colour, and the 
“relief” of colour. By “relieving” is implied the 


Symbols have been 
characteristics so that the designation of the finish is 
com defined by the symbol. [Price of the 
cation, which is entitled ‘“ Nomenclature of 
tive Metallic Finishes,” 2s. 6d., postage included.] 
Electrical Installations.—The Codes of Practice Com- 
mittee for Civil ineering, Public Works and Build- 
ing, operating under the zgis of the Ministry of Works, 
have now issued, in form, Code CP No. 321, 
covering “Electrical Installations—General.” The 
Code was poeviently polished as a draft for comment 
and was revised, before final publication, y a com- 
mittee convened by the Institution of i 
i of the Codes of Practice Com- 
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read to imply the sanction of any relaxation 
requirements. Moreover, in certain respects 
goes beyond the requirements of the regulations i 
encouragement of good practice. [Price 7s., 
included.] 


be 





BOOKS RECEIVED. 


The Blue Book, 1949. “ The Electrician” Electrical 
Trades Directory. Edited by Bast. H. Trirp. Benn 
Brothers, Limited, Bouverie House, 154, Fleet-street, 
London, E.C.4. [Price 30s. net.] 

Ministry of Fuel-and Power. National Building Studies. 
Special Report No.7. District Heating in American 
Housing. The Report of a Mission to the United States 
of America, February to April, 1947. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 4s. 6d. net.] 

. Report 


1947. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. 6d. net.] 

Electricity Commission. Generation of Electricity in 
Great Britain for the Year Ended 31st December, 1947. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 2s. 6d. net.] 

Whitaker's Almanack, 1949. Established by JosEern 
WHITAKER. J. Whitaker and Sons, Limited, 13, Bed- 
ford-square, London, W.C.1. [Prices: library edition 
(with maps), 25s. net; complete edition (without 
maps), 12s. 6d. net; shorter edition, 7s. 6d. net.) 

Engineering Management. By SrrvuaN A. ROBERTSON. 
Blaekie and Son, Limited, 66, Chandos-place, London, 
W.C.2. [Price 17s. 6d. net.] 

Electricity in the Small Workshop. By Ian BRADLEY 
and NORMAN Hatiows. Percival Marshall and Com- 





pany, Limited, 23, Great Queen-street, Kingsway, 
London, W.C.2. [Price 3s. net.] 

Metal Working and Heat-Treatment Manual. Volume III. 
Surface Hardening Processes. By Dr. F. JOHNSON. 
Paul Elek Publishers, Limited, Diamond House, 36-38, 
Hatton-garden, London, E.C.1. [Price 21s. net.] 

Scientific and Technical Abbreviations, Signs and Symbols. 
By Prorgasorn O. T. ZIMMERMAN and Dr. Irvin 
Lavine. Industrial Research Service, Masonic Build- 
ing, Dover, New Hampshire, U.S.A. [Price 8-25 dols. 
outside the United States.) _. 

The Manufacture of Iron and Steel. By G. REGINALD 

BasnrortuH. Volume lI. Iron Production. Ohapman 

and Hall, Limited, 37, Easex-street, Strand, London, 





of the Ministry of Works. 


W.C.2. [Price 21s. net.] 


PERSONAL. 


Dr. A. R. COLLINS, M.B.E., A.M.1.C.E., A.M.L.Struct.ic., 
A.C.G.I., who was formerly a principal scientific ofticer 
at the Road Research Laboratory and joined the Cenwnt 
‘and Concrete Association in 1947 as assistant to the 
technical director, has now been appointed technical 
director with effect from March 31, in succession to 
Mr. W. A. Famruurst, M.LStruct.E., who, however, 
will continue with the Association in a consultative 
capacity. 

COLONEL A. 8. OSBORNE, O.B.E., M.C. (late R.A.0.C.), 
has been appointed director of the Council of British 
Manufacturers of Petroleum Equipment, 40, Palace 
Chambers, Bridge-Street, London, 8.W.1, as from Apri! 1, 
in succession to Mr. T. L. Bonstow, MILC.¥., 
M.1.Mech.E., F.Inst.P., who, however, is remaining with 
the Council in the capacity of technical adviser. 

Mr. A. R. VAUGHAN, M.B.E., is retiring from the posi- 
tion of joint managing director of Morgan Brothers 
(Publishers), Limited, 28, Essex-street, London, W.C.2, 
on March 31, but will retain his seat on the board. At 
the same time, he will relinquish the office of manager of 
our contemporary, Th¢ Engineer, which he has held 


ief. | since 1922, and in which he will be succeeded by Mr. 


E. J. Haus, 0.B.E. 

Mr. W. REDFERN, the new President of the Manchester 
Association of Engineers, 20, Booth-street, Manchester, 2, 
was inducted into the chair by the outgoing President, 
Mr. J. W. Courts, M.B.E., A.M.I.Mech.E., on March 18. 
Mr. W. J. Junnett, B.Sc. (Eng.), A.MLE.E., is 
resigning the position of honorary secretary of the 
London Group, Industrial Applications Section, of the 
Royal Statistical Society, 4, Portugal-street, London, 
W.C.2, as a result of a change of employment. 

Mr. 8S. J. Lewis, formerly sales manager of the British 
Motor Boat Manufactiring Company, Limited, has been 
appointed assistant export manager of the Brockhouse 
Organisation and will take charge of the export depart - 


“| ment in the firm’s London office, which will be trans- 


ferred from 25, St. George-street, W.1, to 25, Hanover- 
square, W.1, as from April 4. (Telephone: MAYfair 
8783.) 

Mr. W. J. A. Davies, O.B.E., M.I.N.A., ‘a member 
of the Royal Corps of Naval Constructors, has been 
appointed Director of Merchant Shipbuilding and 
Repairs, Admiralty, in succession to Mr. 8. A. MoCaRTHy, 
R.C.N.C., M.LN.A. 

Messrs. YARROW AND CoMPANY, LiImireD, Scotetoun, 
Glasgow, W.4, have formed a new subsidiary company : 
Yarrow (Arrica) (Pry.), Lmarep, Johannesburg, 
which is also registered in Southern Rhodesia. 

Messrs. LANSING BAGNALL LIMITED, manufacturers 
of industrial tractors, platform trucks and trailers, have 
moved from Isleworth, to a new factory at Kingsclere- 
road, . Hampshire. (Telephone: Basing- 
stoke 1010.) Their London sales office is at Little St. 

. Mortlake, S.W.14. (Telephone: PROspect 
4466.) 

Messrs. SARGROVE ELECTRONICS LIMITED, announce 
that they have removed to Effingham, Surrey. (Tele- 
phone: Bookham 2707.) 





GLUE FoR FouNDRY PATTERNS.—The advantages of 
certain improved materials for gluing-up foundry patterns 
are described in Bulletin No. 74, issued by the Technical 
Service Department, Aero Research, Limited, Duxford, 
Cambridge. “ Aerolite” 300 glue is applied with a piece 
of wood to one surface, and ‘‘ Hardener ’’ GBM is brushed 
on to the other surface. After an interval of a few 
minutes for air-drying, the surfaces are brought together 
and held by means of pattern-makers’ dogs. No pressure 
is necessary as the materials fill-up the gap. The joint 
sets in about 3} hours at 21 deg. C. or in 5 hours at 
15-6 deg. C. It will withstand wetting without loss of 
strength, and is not affected by heavy rapping when 
the pattern is being withdrawn from the mould. It 
is also proof against the effects of weather and bacterio- 
logical] attack. : 





GLass-CARRYING RaILwAyY WaGoNS.—As a result of 
experiments begun in 1946 by the L.M.S. Railway and 
Messrs. Pilkington Brothers, Limited, St. Helens, Lan- 
cashire, special wagons have been introduced on British 
Railways for carrying sheets of window glass. The 
wagons are of the shock-absorbing type, the body being 
alranged so that it can move slightly longitudinally 
against springs. Each wagon is provided with two cradles 
having a total capacity of 8 tons 10 cwt. of glass sheets 
measuring 66 in: by 48 in. The cradles consist of two in- 
verted T-frames, joined by three transverse members. 
The glass is arranged in two “ packs ’’ on both sides of the 
vertical members of the T-frames, the weight being taken 
by the horizontal members, and is clamped by means of 
loose frames attached by adjustable screws. The various 
members are provided with felt-covered timber bearers. 
The cradles can be transferred by crane from the wagons 
to road vehicles. 
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NOTES FROM THE NORTH. 
Giaseow, Wednesday. 

Scottish Steel.—Production, assisted considerably by a 
satisfactery raw-material position, is keeping up to the 
target standard. Steelmakers and re-rollers are busily 
engaged at present with the completion of export orders 
due for shipment before the end of the month. For this 
quarter a larger proportion of the output has been 
absorbed by overseas business on account of the slightly 
more generous quotas. Australia is the principal pur- 
chaser, the demand from this Dominion being as insistent 
as ever for practically the entire range of steel products, 
with plates and sheets particularly in request. Sub- 
stantial shipments of plates, sheets, bars and sedtions 
are scheduled to leave for Australian porte this month, 
while a considerable tonnage is also represented in cargoes 
for Finland, There is a fair demand for both iron and 
steel] from the West Indies, and Sweden is showing more 
interest, especially for tonnages negotiable under bi- 
lateral trade agreement conditions. Some shipments for 
Period 2 have been arranged on Canadian account. 
There is no sign of any slackening in the demand from 
home consumers, the position being basically strengthened 
by considerable firm orders in connection with hydro- 
electric developments, locomotive and wagon building, 
and shipbuilding. In addition, the aggregate tonnage of 
steel absorbed by the many smaller consumers is un- 
diminished. A good proportion of that tonnage is for 
sheets, which remain in very strong demand. Recent 
deliveries of sheet bars have been slightly greater. 

Scottish Coal.—Notwithstanding the weekly output 
fluctuations arising from the alternate five- and six-day 
week arrangements in Fife, the rate of production under- 
ground is fairly steady, easing the distribution problems 
to consumers. Unless s major upset—elther through 
severe weather or labour stoppag occurs, during the 
next week or two, it seems probable that the worst 
difficulties of another winter will have been overcome. 
The recent improvement in the position at electricity 
stations has resulted in a slightly easier situation among 
industrial users, although there is no suggestion of any 
substantial surplus. Steelworks are reasonably com- 
fortable despite their heavy requirements, and apart 
from the continued inadequacy of graded fuel, com- 
plaints from general industrial users are less numerous. 
Coke-ovens are recovering from the set-back after the 
recent temporary loss of coking coal at two collieries. 
There is no appreciable margin in round coal, but the 
position remains rather better, depot deliveries of house- 
coal from local pits having been regularly supplemented 
by railed tonnages from the North of England. Stocks 
at railways and gasworks are not extensive, but fresh 
coal is arriving in accordance with programmes. Gum 
is a shade easier, particularly for inferior sorts. Ship- 
mente of 4,000 tons of duff to Spain and 2,350 tons to 
Portugal, last week, signified an expansion in the export 
trade. Considerable tonnages of washed nuts were also 
stemmed for Sweden, Denmark and Eire, while a small 
quantity of low-volatile sorts was shipped to France. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Steadier production of steel has been 
made possible by the abolition of gas restrictions; 
what is now awaited is the end of staggered hours, a 
source of inconvenience all round and a hindrance to 
production. More steel is needed to meet the require- 
ments of numerous users, especially in high-carbon 
qualities. Insufficient wire rods of high-carbon steel 
retard the drawing of the type of wire required by wire- 
rope makers, who are very heavily booked with orders 
from the mining industry and shipping and port autho- 
Trities. The re-equipment of collieries continues to 
provide a lot of work to colliery-engineering concerns. 
Steel props and arches for collieries are in strong request. 
Railway-material makers are busily employed and con- 
tinue to add to their order books. The pronounced 
shortage of axle steel which was a source of delay has 
been partially overcome. Agricultural-steel firms are 
trying to effect deliveries of machine parts urgently 
required by makers of agricultural machinery in various 
parts of the country. Edge tools are in active request. 
but import restrictions hamper both the tool and cutlery 
trades. It is authoritatively stated that 80 per cent. of 
cutlery orders in hand at present cannot be executed 
owing to lack of foreign import licences. 

South Yorkshire Coal Trade.—More coal is being raised 
from deep-mines, and fine weather has permitted full 
working at opencast sites which have produced more 
coal. The threatened closing of the Monckton group of 
five pite unless production increases has had the effect 
of reducing absenteeism. The demand for coal is rather 
greater than the supply. A small increase in the alloca- 
tion of house coal has not satisfied the market demand: 
More coking coa/ has been available and the make of hard 
coke increased a little. More gas coal is required to 
satisfy the demands of producer plants. Exports of coal 
and coke are at a fairly high level. Patent fuel is active. 


NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 
The Welsh Coal Trade.—The first of two part-time 


‘directors for the Divisional Coal Board, Capt. Hugh 


Vivian, of Swansea, has been’ appointed during the 
past week. The second appointment is expected 
shortly. The market has again been very busy througli- 
out the past week. The demand has continued on brisk 
lines, but, once again, owing to the activity of the home 


delivery. Salesmen have already disposed of practically 
the whole of potential outputs over the next month or so. 
As & consequence, export business has been particularly 
difficult to handle. A fair level of trade bas been main- 
tained under existing allocations for Portugal and France, 
but supplies for other countries have been limited, and, 
in some instances, deliveries have had to be delayed. 
There has been, as yet, no development locally in trade 
with Spain although it was hoped that allocations would 
be made for this country in April, subject to supplies 
being available. It is reported that Spanish buyers 
who have been taking coal from the North-East Coast for 
some time past had recently made supplementary 
purchases there. As a result of the scarcity of coals, 
some foreign consumers have been showing more interest 
in patent fuel as an alternative. Trade for this com- 
modity has been stepped up, and, during the first two 
months of this year, 38,874 tons were shipped, which 
quantity was nearly double the amount handled in the 
same period last year. Shipments have been made to a 
larger number of foreign countries and in the past week 
a cargo of 6,500 tons was loaded for Massawah. Cokes 
have been in sustained request and in short supply. 
Swansea Steel-Sheet Indusiry.—The market report 
issned by the Incorporated Swansea Exchange states that, 
last week, business in tin-plate continued to be active. 
Home consumers were covering their requirements for 
Period 2, and the quantity disposed of was satisfactory. 
The export market, too, showed some improvement 
and more business was transacted. The demand for 
steel sheets and also for iron and steel scrap continues 
unabated. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

General Situation.—The decision to terminate Govern- 
ment subsidies has had no apparent disturbing influence 
on the iron and allied trades. Conditions are not con- 
ducive to extensive transactions and change in the 
market situation is slow. Both home and overseas 
customers are anxious to make purchases, but producers 
have harassingly congested order books arid are markedly 
disinclined to enlarge their commitments until their 
extensive delivery obligations have received considerable 
attention. The distributable tonnage of raw materials 
is still insufficient for the requirements of customers. 
The yield of the Cleveland ironstone,mines is expanding 
only slowly and the import of high-grade foreign ores 
continues on a disappointing scale. On the other hand, 
large deliveries of iron and steel scrap have reached 
consuming plants and enabled stocks to be replenished. 
Manufacturers of semi-finished and finished products are 
very actively engaged. 

Foundry and Basic Iron.—Foundry are perse- 
veringly calling for larger supplies of pig iron than they 
are receiving. Their main—and, indeed, almost their 
only source of supply Of the quality they require—is from 
Midland makers, and an increase in the delivery of ton- 
nage from that distant area of production would be 
much appreciated. All basic-iron production is absorbed 
as it moves directly from the blast-furnace to makers’ 
own consuming plants. 

Hematite, Low Phosphorus and Refined Iron.—Users 
of East-Coast hematite iron are still in need of buying 
greater quantities of that commodity than are available, 
while obtainable parcels of a suitable substitute are 
expensive and inadequate. Outputs of low- and medium- 
phosphorus grades of iron are readily taken up and 
consumers would not hesitate to accept larger quantities 
than are coming to hand. Refined-iron makers report a 
good demand for their products. 

Manufactured Iron and Steel.—Branches of industry 
turning out semi-finished and finished iron are busily 
occupied and customers’ prospective needs promise to 
keep plants well employed for a considerable time. Al 
4Mescriptions of steel are in very strong request. The 
recent improvement in the import of Continental steel 
semies is well maintained, and, as deliveries of home 
products are on a rather better scale than of late, re- 
rollers are receiving supplies that are almost adequate 
for their actual needs. There is no easement of the 
intense world-wide demand for finished steel: Manu- 
facturers of nearly all commodities, however, are. fully 
sold; buyers’ efforts to place new orders for plates and 
shipbuilding material have been unsuccessful and pro- 
ducers of railway requisites have difficulty in dealing 











satisfactorily with their clients’ needs. 


market, supplies have been extremely scarce for early 


NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date.of the meeting. 





INSTITUTE ‘OF RoaD TRANSPORT ENGINEERS.— 
Scottish Ceniré: Monday, March 28, 7.30 p.m., 39, 
Eilmbank-crescent, Glasgow. Annual General Meeting. 
“"Rora INsTITUTION.—Tuesday, March 29, 5.15 p.m., 
Albemarie-street, W.1. ‘‘Some Recent Advances in 
Radio. Chemistry—III,” by Professor H. J. Emeleus. 
Thursday, March 31, 5.15 p.m. “The Physics of the 
Solid State—III,” by Professor Sir Lawrence Bragg. 
Friday, April 1, 9 p.m. “The Examination of Crystal 
and Metal Surfaces Using Interferometry,” by Professor 
8. Tolansky. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, March 
29, 5.30 p.m., Great George-street, S.W.1. Film on 
“ Production, Distributien and Use ef Ballast on British 
Railways.” 

InsTITUTE OF FouEL.-~Tuesday, March 29, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, 
St. James’s Park; S.W.1. “The Efficiency of House 
Heating,” by Dr. J. C. Weston. 

INSTITUTE OF TRANSPORT.—Mefropolitan Graduate and 
Student Society : Tuesday, March 29, 6 p.m., 80, Portland- 
Place, W.1. “ Power Signal Operation,” by Mr. H. G. M. 
Viney. North-Western Section: Thursday, Mareh 31, 
6.15 p.m., Chamber of Commerce; Liverpool. ‘“‘ The 
Time Element in Transport Economics,” by Mr. D. 
Halliwell. ; 

Soctery oF INSTRUMENT TECHNOLOGY.—Tuesday, 
March 29, 6.30 p.m., Royal Society of Tropical Medicine 
and Hygiene, Manson House, Portland-place, W.1. 
“Modern Permanent Magnets for Instruments,” by 
Mr. D. A. Oliver and Mr. D. Hadfield. 

INSTITUTION OF ELECTRICAL ENGINEERS.—WNorth 
Midland Centre: . Tuesday, March 29, 7 p.m., City 
Museum, Leeds. Film on “ Atomic Physics.” North- 
Eastern Centre: Tuesday, March 29, 7 p.m., City Hall, 
Newcastle-upon-Tyne. Faraday Lecture on “ Tele- 
vision,” by Sir Noel Ashbridge and Mr. H. Bishop. 
Institution : y, March 31, 5.30 p.m., Victoria- 
embankment, W.C.2. ““‘ Overhead Line Regulations,” 
by Mr. H. W. Grimmitt. 

INSTITUTION OF THE RUBBER INDUSTRY.—London 
Section: Tuesday, March 29, 7 p.m., Caxton Hall, 
Victoria-street, S.W.1. “ Redox Polymerisation,” by 
Professor H. W. Melville. 


INSTITUTE OF MeETais.—Annual General Meetiag. 
Wednesday, March 30, 10 a.m. and 2.30 p.m., Insti- 
tution of Mechanical Engineers, Storey’s-gate, St. James’s 
Park, S.W.1.. Thursday, March 31, 10 a.m. and 2.30 
p.m.; Institution * of“ Mechanical Engineers. Various 
papers for discussion. 7.15 p.m., Savoy Hotel, Strand, 
W.C.2, dinner-dance. Friday, April 1, 10, a.m., 4, 
Grosvenor-gardens, S.W.1. . Various papers for discus- 
sion. For programme see page 55, ante. 


INSTITUTE OF BRITISH FOUNDRYMEN.—London Branch : 
Wednesday, March 30, 7.30 p.m., Waldorf Hotel, 
Aldwych, W.C.2.* “ Acicular Cast Iron,” by Mr. Ww. Ww. 
Braidwood. 

ROYAL AERONAUTICAL SociETY.—Thursday, March 31, 
6 p.m., Institation of Civil Engineers, Great George-street, 
S.W.1. Se eee Seer eee, “Sv 
Dr. P. B. Walker. 

INSTITUTION OF MECHANICAL ENGINEERS.—Southern 
Branch: Thursday, March 31, 6 p.m., Municipal College, 
Bournemouth. Joint Meeting with the InsTITUTION-OoF 
Crvi ENGINEERS (Southern Association). “‘ Modernisation 
of a Coal-Discharging Depot,” by Mr. G. T. Shoosmith. 
Institution: Friday, April 1, 6 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. Meeting in association with the 
Applied Mechanics Group. “ Seizure of Metals,” by. Dr. 
F. P. Bowden and Dr. D. Tabor ; and “‘ The Measurement 
of Kinetic Boundary Friction or the Experimental 
Investigation of ‘ Oiliness’,” by Dr. J. R. Bristow. 
AUTOMOBILE DIVISION. North-Western Centre: 
Wednesday, March 30, 7.15 p.m., Walker Engineering 
Laboratories, The University, Liverpool. ‘“‘ Points in 
the Design, Manufacture and Operation of Gears,” by 
Dr. W. A. Tuplin. 

Royal SratTisTicaL Socrery.—Industrial Applications 
Section: Friday, April 1, 6 p.m., 2, Savoy-hill, W.C.2. 
“ Statistical Principles in. Quality Specifications for 
Plastics,” by Mr..C. Wainwright. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, April 1, 
6.30 p.m., 39, Victoria-street, S.W.1. Films on “ Kelvin : 
Master of Measurement,” and “ Kelvin-Hughes Marine 
Radar,” to be introduced by Mr. R. Bagot and Mr. E. F. 
Alldritt. 


INCORPORATED PLANT ENGINEERS.—Birmingham 
Branch: Friday, April 1, 7.80 p.m., Imperial Hotel, 





Birmingham. Film on “ Atomic Physics.” 
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We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

T ic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 
TEMrie Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should Ihe crossed “The National Provincial 
Bank, Limited, Cross Branch.” Post Office | 
Orders should be e payable at Bedford Street, 
Strand, W.C.2 








SUBSCRIPTIONS. 


* ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book. 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 


places abroad, with the adh a a 
| ade A lo ttantahan Eh £410 0 
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Subscribers receiving incomplete copies through 

ts are requested to communicate the fact to 

the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper eee ats mean n 
and in the bi paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the The pages are 12 in. deep and 9 in. 


wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all le regu- 
larity, but absolute cannot teed. 


i of “Appointments Open,” 

Wath” © Tendon ’ etc., is 8s. for the first four lines 
or under, and 2s. per line wi to one inch. The 
line averages six words and w an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If uso is made of box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
pray eg «Ae all classified a pe pig ae be obtained 
at the wing rates :—5 per cent. for six ; 

cent. for thirteen ; 25 per cent. for pant ah Py 
33} per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

” instructions and alterations to 
adv mts for display announcements must be 
received at least Rh fm gg omy teat” Age yen 
lication, otherwise it may be impossible to ot aon 
proofs for approval. 


The Proprietors will not hold themselves ng perme 
for advertisers’ blocks left in their possession for more 
than two years. 
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tions ; 98 neat in connection with switchgear 
operating below 650 volts, and 79 occurred in 
connection with cables or flexibles incorporated in 
fixed installations.. Portable apparatus came sur- 
prisingly low on the list. 

If the essential lessons are to be learnt, however: 
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ELECTRICAL ACCIDENTS. 


THREE principal deductions can be drawn from 
the report for 1947* of H.M. Electrical Inspector of 
Factories, which was published by the Stationery 
Office at the beginning of March. The first is that, 
- ite of the continued increase in the consumption 

icity, there has been no onate rise 
in ae number of accidents, whether fatal or non- 
fatai. In fact, the number of fatalities during 1947 
was lower than it had been since pre-war days. 
The second deduction is that too many of the 
accidents are still due to carelessness, often on 
the part of those who ought to know better; while 
the third is that the recent rapid increase in the use 
of electronic apparatus for industrial purposes is 
giving rise to a new class of risk, the consequent 
rs being frequently neither appreciated, nor 
rstood, All these matters are discussed in the 
report, which, in fact, forms a useful record of 
oars both good and bad. Its interest is not 
minished by its refreshingly non-official style. It 
is to be hoped that the suggestions put forward will 
receive the attention they undoubtedly deserve. 

During 1947, the number of electrical accidents 
reportable under the Factories Act was 734, of 
which 30 were fatal. In addition, 58 accidents, 
which wete non-reportable and of which 11 were 
fatal ‘were notified, while 89 electrical fatalities, 
which occurred in places other than factory 
mises, came unofficially to the notice of the dosit- 
ment. The total known fatalities due to electrical 


causes the year therefore numbered 130, 
com; with 147 in 1946 and 178 in 1945. Of 
the fatal accidents, 41 occurred on purely domestic 


premises. Nine of these took place in bathrooms 
and in six of them electric fires were involved. 
Comment on this should be superfluous, but warn- 
ings, we fear, will continue to be necessary. As 

reportable accidents, fatal and non-fatal, no 
ha | lees than 149 out of the total of 734 were eye injuries 
mt | which occurred while carrying out welding opera- 


* Klectrical Accidents and Their Causes, 1947. London : 
H.M. Stationery Office. [Price 9d. net.) 








badly burned. The comment is made that “the 
unfamiliar with the work did not 


engineers being 
$84 know what the jointer was doing, and the jointer 


thought that as he was asked to lower the tank 
he was working on dead gear.” Perhaps nothing 
further need be added, except to say that there are 
obvious lessons to be learnt from these occurrences. 

Another accident illustrates the fact that it is 
often not realised that, while the connections of the 
neutral on an extra high-pressure system are 
normally at earth potential they may reach a 
dangerous voltage when a fault occurs and current 
consequently flows. In a particular case, a tubular 
scaffold pole had been erected close to the terminals 
of a reactor, which was connected in the neutral 
circuit of a generator to offer high impedance to 
harmonics of 150 cycles or over and low impedance 
to 50-cycle currents. The entrance to the reactor 
enclosure carried a danger notice, and when the work 
was finished the scaffolders properly refused to move 
the tube without a “ permit-to-work” card. The 
shift engineer, however, in order probably to avoid 
delay while the generator was being shut down, 
entered the enclosure, touched the reactor, and was 
electrocuted. The voltage due to the passage of 
harmonic current at the time was estimated to be 
about 1,000 volts. Several accidents arising from 
the difficulty of finding satisfactory low-resistance 
connections to earth are also mentioned. If an 
earth fault ocours and the resistance of the fault 
path is not low enough to pass sufficient current 
to blow the fuse or trip the circuit breaker, the 
pressure in the fault circuit is distributed in propor- 
tion to the resistance. The danger that may arise 
under such conditions is shown by a fatality which 
occurred at a factory in a rural district. The elec- 
tricity supply was being obtained from the medium- 
pressure side of a step-down transformer, which 
was mounted on the ground within an iron railing. 
A stay wire for the pole carrying the extra high- 
pressure overhead line was outside the railing and a 
man working in the factory came in contact with it 
during a wet night and was killed. In this case, 
although the factory earth connection was effective, 
the resistance of the transformer neutral connector 
to earth was sufficiently high to prevent the fuses 
from blowing when a fault occurred on the factory 
installation. As a result, the neutral earthing 
connection at the transformer, together with all the 
metal work connected to it, was raised to a potential 
differing from earth by something less than 240 volts. 
Under the conditions prevailing at the time, how- 
ever, this, unfortunately, was high enough to cause 
death. 

The remedy for such occurrences is, of course, to 
provide effective earth connections, a solution, the 
importance of which is still not so widely recognised 
as it should be. As it is, it is difficult to explain 
why, as the result of an analysis of 64 cases of 
electric shock, the Stalybridge, Hyde, Mossley and 
Dukinfield Transport and Electricity Board found 
that the resistance of a number of consumers’ earth 
plates exceeded 60 ohms; or why installations 
“earthed” to the waste pipe of a wash basin, to 
short pipes carrying water from wells, or to iron rods 
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giving, resistances of 100 ohms.or more should. be 
considered satisfactory. 

As we have already said, a useful chapter of the 
report deals with the special risks that arise from 
the use of electronic apparatus. The development 
of this type of equipment for industrial purposes 
has been rapid; and it is still not generally recog- 
nised that the orthodox safeguards against danger 
which experience now applies to ordinary electrical 
plant are not always sufficient so that others 
must be devised. Many designers of this class of 
apr have graduated through the school of 

io and have therefore less knowledge of indus- 
trial practice and the related statutory requirements. 
Attention to this matter is important, since it is 
safe to assume that just as an overdose of high- 
frequency electrotherapy may be harmful, so any 
local concentrations of energy, if misdirected, may 
have a bad effect upon the human organism, whether 
it be micro-wave electromagnetic energy or ultra- 
sonic vibrations in the air, or other media, that is 
involved. “ Thus safety problems, far from ceasing 
to exist in the new techni may become more 
complex, and their solution will often be dependent 
upon a full understanding of the working by cus- 
tomers, as well as manufacturers.” 

Expanding this general proposition, as to the 
truth of which there must, we think, be general 
agreement, the report goes on to recommend that 
electronic apparatus, owing to its complexity, should 
be designed, where possible, to “fail for safety.” 
For instance, where apparatus of this kind is used 
to control the operation of rotating machinery, and 
its failure might introduce dangerous conditions, 
readily actuated over-riding safety devices, such as 
overspeed switches, overload trips and limit switches, 
may be necessary to act directly on the power 
circuits. Protection from dust, dirt, corrosive 
fumes, oil-mist and moisture are also important 
and may need special consideration, while main- 
tenance by properly skilled personnel is undoubtedly 
desirable in the interests not only of safety but of 
efficient operation. In this connection, attention 
may be called to the deep burns that may be 
inflicted at frequencies of 100 kilocycles per second 
without any sensation of shock. This is probably 
due to the fact that the frequency rate has exceeded 
that to which the nervous system of the body can 
respond, although this is no reason why these 
burns should be neglected. 

An example of a type of accident which is still 
all too common, is provided by the case of the 
foreman of a shop for the fabrication of steel frames 
who was advising a welder about the work he was 
todo. He took hold of a frame, which was mounted 
on a jig, to turn it over and received a shock and 
was rendered unconscious. The concrete floor on 
which he was standing was wet and a welding 
electrode was lying on it. The welding return lead 
was properly connected to the table carrying the 
jig, and the man while grasping the earthed frame 
to turn it over, stood on the live electrode. His 
footwear, damp from the wet floor, assisted in the 
making of a good contact, with the result that he 
teceived a shock of 97 volts alternating current. 
Unauthorised and ignorant interference with elec- 
trical equipment is another cause of avoidable 
accidents, as is shown by the case where tampering 
with the earthing of portable apparatus resulted in 
serious injuries to a millwright who was drilling a 
girder and received a shock which caused him to 
fall from a ladder. 

It therefore appears that concerted effort is still 
necessary to prevent unavoidable danger from 
electrical shock. It would also appear that these 
efforts must come principally from the user of the 
equipment, since it is a legitimate deduction from 
the information given in the report that fewer 
accidents than in the past are due to faulty design. 
This applies, of course, as much to apparatus 
installed in domestic premises as in factories. In 
fact, perhaps it applies more, since the manufac- 
- facturers of this class of equipment have not always 
had the stimulus provided by the advice of H.M. 
Electrical Inspectors. For this reason it is unfor- 
tunate that domestic accidents do not come within 
the scope of the report. If they did, the results 
would be interesting and perhaps shocking—in the 
‘non-electrical meaning of the word. 8. 


THE ECONOMIC SURVEY. 


TuE brief note on the Economic Survey for 1949, 
on page 255, ante, which was all that we were able to 
devote to this White Paper (Cmd. 7647) before last 
week's issue of ENGINEERING went to press, merely 
touched upon the main themes of what is, in fact, 
a document of some little complexity. It would 
appear that the compilers also found it to be so, to 
judge by their evident disposition to “ te 
the course of their attempts to find some justification 
for prophesying ng improvements in conditions 
during 1949; though, in general, the estimated 
production of the basic requirements—ooal, steel, 
power, etc.—during 1948 has proved to be fairly 
close to the actual achievements and, in some cases, 
the estimates have been more than realised. The 
total coal output, for instance, came within 2} 
million tons of the target figure of 211,000,000 tons ; 
steel production, as is well known, was better than 
was expected ; and the total of electricity generated 
rose by 330 million kWh over the 1947 total of 3,548 
millions, although the amount of new t brought 
into service was little more than half of the designed 
extensions. Further improvement in industrial 
output is conditioned, however, by the governing 
consideration that the amount of em ble labour 
cannot be increased materially ; so that, to achieve 
a materially higher productivity, the labour em- 
ployed must work either longer, harder or more 
steadily and efficiently—and, since the crucial 
factor is ability to compete in export markets, it 
must do so without sensibly increasing the cost of 
the ultimate product. 

Working longer hours is not necessarily a sound 
solution to the problem, if by “‘longer hours” is 
meant hours in excess of the agreed working week ; 
reduction of absenteeism is another matter and, in 
the case of the coal-mining industry, represents one 
of the most potentially effective methods of increas- 
ing output without increasing overhead expenses. 
The ability to work harder, in modern mechanised 
industry, is often contingent upon the availability 
of additional power. The opportunity to work 
more steadily frequently depends on the assurance 
of a steady supply of materials as well as on con- 
tinuity of orders, and these conditions are not yet 
so certain, in many branches of manufacturing 
industry, as production planners would like to see 
them ; order books may be full, while bottlenecks 
in the supply of materials and components are 
interrupting the smooth flow of work and retarding 
deliveries. Improved efficiency of working can 
usually be achieved to some extent—often an 
appreciable extent—by the exercise of constant 
vigilance, but to achieve it on a substantial scale 
frequently involves reorganisation and re-tooling 
of a radical and expensive nature, beyond what may 
be practicable in present circumstances. 

The primary requirement is more coal, both for 
the purpose of providing more fuel and power for 
industry and as a commodity for export. It is 
hoped to increase the number of face-workers in 
the mines by an average of 34 per cent. during 1949, 
bringing the total thus employed to 310,000 by 
the end of the year. If the estimate of 215 to 220 
million tons in 1949 is accomplished, the effect 
will be to provide an additional 7 to 12 million tons 
above the 1948 output, though it is realised that the 
larger figure tends to be optimistic. Part of this 
increase will be needed to meet the e increase 
in steel production, for which the forecast is 15} to 
15} million tons, and part will be required to provide 
the projected higher output of gas and electricity, 
but it is considered that there should be between 
17 and 20 million tons available for export and for 
ships’ bunkers, assuming weather of no more than 
average severity. The quantity exported or taken 
as bunkers in foreign-going ships during 1948 was 
16-3 million tons, so that the maximum increase 
likely to be achieved, if this forecast is realised, does 
not represent a very large contribution towards 
balancing the nation’s overseas accounts, and a 
prolonged spell of bad weather or a marked increase 
in the production of steel or power may introduce 
questions of priority which may be difficult to recon- 
cile. It is clear from the Survey, however, that steel 
output is not expected to exceed the 15} million tons 
on which the estimate is based ; and past experience 








indicates that, if the coal output did surpass by any 
considerable margin the maximum envisaged, other 
problems, such as the provision of sufficient railway 
wagons, might complicate the issue. If a few more 
million tons of coal could be released for European 
and South American consumption, however, the 
benefit would be great; for example, in muking 
possible increased imports of timber and, possibly, of 
foodstuffs. . 

One point which stands out prominently from the 
mass of averages and “targets” and provisional 
estimates in the Survey is the importance of the 
engineering industry in all branches of production, 
and the remarkable manner in which it has developed 
its volume of output during the past year. In 
Tables 8 and 9 of the Survey, comparative figures 
are given of the export “targets” for 1948 and 
1949, and the actual exports, by indices of volume, 
in various commodity groups for 1947 and 1948. 
Ten classes of exports are considered, the first four 
of which—machinery, vehicles, electrical goods, 
and iron and steel—are predominantly engineering 
products. By volume, taking the figure for 1938 
100, the index for machinery was 158 in 1947, 186 
in the first half of 1948, and 200 in the second half. 
The forecast for January-June, 1949, is 220. For 
vehicles, the corresponding figures are 189, 254, 278 
and 290; for electrical goods and apparatus, 164, 
209, 225 and 235; and for iron and steel, 107, 112, 
124 and 135—not so much as for the others, but a 
notable achievement. On a basis of value, assuming 
the prices at the end of 1948 to be maintained, the 
monthly rate of export at the end of 1949 is expected 
to reach 25,000,000/. in the case of machinery, 
23,000,0001. for vehicles, 7,000,000/. for electrical 
goods, and 10,000,000/. for iron and steel ; a total of 
65,000,0001. out of a grand total, for all the ten 
commodity groups, of 160,000,000/. The only 
groups which are expected to exceed the figures for 

i and vehicles are textiles and clothing 
(36,000,0007.) and “‘ all other exports ”’ (31,000,000/.), 
both of which are certainly dependent to a great 
extent upon the engineering industry for their means 
of production. 

All the valuations quoted above are based on the 
assumption that the prices are those ruling at the 
end of 1948, but past experience does not encourage 
any firm belief in the permanence of those price 
levels. The subject of wages does not appear among 
the chapter headings forming the list of contents 
of the Survey, but there is a homily on this topic 
under the title of “‘The Need for Stability.” It 
consists mainly of a paraphrase of the earlier White 
Papers on “ The Economic Considerations affecting 
Relations between Employer and Worker” (Cmd. 
7018) and ‘‘ Personal Incomes, Costs and Prices” 
(Cmd. 7321), the second of which was reprinted in 
the Economic Survey for 1948. It is claimed that 
“the appeal for restraint made on these occasions 
has met with a good response”; a statement which 
reads rather curiously in view of the numerous 
demands for increased wages which have been 
made, and largely conceded, during the past twelve 
months. Despite all Governmental appeals, there 
are no signs that this tendency is being halted, much 
less reversed ; so that there is every reason to fear 
that costs will continue to rise and the nation’s 
position in face of growing competition from other 
countries to weaken. The situation is not made any 
easier for the ordinary industrial producer by the 
new scales of salaries for scientific, technical and the 
higher administrative grades of civil servants which 
have been or are being brought into operation. At 
one time, the security and the pension rights of Civil 
Service appointments were held to justify salary 
scales somewhat below those normally paid in 
industry, but that condition no longer ; and 
the elaboration of checking and cross-checking that 
characterises the administration of Government 
departments requires them to be staffed on a numeri- 
cal scale that would be regarded as highly un- 
economic in industry, where a man must earn his 
keep, with a margin in hand, if he expects to hold 
his job. Unless these soyrces of e iture are 
taken firmly under control, it seems likely that the 
estimates of the Economic Survey for 1949 may be 
as wide of the mark as the various financial estimates, 
Service and civil, with which Parliament has been 
concerned in recent weeks. 
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treatment of the transformation of these light | comparison between Diesel and steam. machinery 
NOTES. nta subsequently gave rise to his law of the |and concluded by stating that there was only one 


Royat Socrery Fsiiowsxtrs, 1949. 


At a meeting held on March 17 at Burlington 
House, London, W.1, the Royal Society elected 
25 new Fellows for 1949. These include Professor 
J. F, Allen, who occupies the ehair of Natural 
Philosophy in the University of St. Andrews and 
has carried out work in low-temperature physics and 
has discovered new phenomena shown by liquid 
helium; Dr. R. W. Bailey, Wh.Sc., M.I.Mech.E., 
head of the mechanical and metallurgical research 
department, Metropolitan-Vickers Electric Com- 
pany, Limited, Trafford Park, Manchester, who has 
carried out much work on the behaviour of metals 
at high temperatures thus making possible advances 
in the design of turbines; Dr. U. R. Evans, M.A., 
Reader in Metallic Corrosion, University of Cam- 
bridge, who has conducted research work on corro- 
sion for many years ; Professor E. D. Hughes, D.Sc., 
F.R.LC., of the Department of Chemistry, Univer- 
sity College, London, who has carried out researches 
on the mechanism of the reactions of carbon com- 

; Sir Ben Lockspeiser, M.A., M.I.Mech.E., 
F.R.Ae.S., at present Chief Scientist, Ministry of 
Supply, who is to succeed Sir Edward Appleton as 
secretary to the Committee of the Privy Council for 
Scientific and Industrial Research as from May 1, 
and has made contributions to the development of 
modern aircraft ; Dr. J. M. McNeill, M.C., M.LN.A., 
naval architect to John Brown and Company, 
Limited, Clydebank; Professor C. F. Powell, the 
Melville Wills Professor of Physics at the University 
of Bristol, who has carried out much work in experi- 
mental physics, particularly on the properties of 
mesons; Mr. G. B. B. M. Sutherland, Reader in 
Spectroscopy, Department of Colloid Science, 
University of Cambridge, who has conducted experi- 
mental researches on infra-red and Raman spectro- 
scopy, especially of hydrocarbons ; Professor O. G. 
Sutton, of the De 
Physics, Military College of Science, Shrivenham, 
Wiltshire, who has conducted researches in atmos- 
pheric turbulence and evaporaion; and Professor 
J. M. Whittaker, M.A., D.Sc., F.R.S.E., of the 

t of Mathematics, University of Liverpool, 
who is responsible for research work in the theory of 
integral functions. 
EINsTEIN CELEBRATIONS. 

In response to an invitation by the United Nations 
Educational, Scientific and Cultural Organisation, 
Professor Niels Bohr, Dr, Arthur Compton and 
Professor Jacques Hadamard contributed to a 
special broadcast programme in honour of the 
70th birthday of Professor Albert Einstein, who 
was born at Ulm, Wiirttemberg, on March 14, 1879. 
In the course of the reference was made 
to various aspects of Professor Einstein’s contri- 
butions to civilisation, social as well as scientific. 
On the scientific side, the results of his studies are 
to be found in several branches of physics. The 
work by which he is best known, the theory of 
relativity, was begun in 1905 with the formulation 
of the restricted theory, and this was followed by the 
blication of the generalised theory in 1915. It 
d not at first meet with general acceptance because 
physicists, since the time of Newton, had 
the world as a network of events. In the relativist’s 
view of natural phenomena, however, physics 
consists of observations, as well as events, together 
with a signal between an event and the observer ; 
the signal may take the form of a ray of light, a 
wave or an impulse. Thus relativity exhibits a 
description of the world not as events, but as relations 
between the event, the signal and the observer. 
Einstein’s studies, however, have not been restricted 
to such abstract questions, as may be indicated by 
reference to one of his earliest publications in which 
he gave the complete theory of the phenomenon 
known as Brownian movement, which had baffled 
scientists for nearly 80 years. Again, his realisation 
of the far-reaching implications of the quantum 
theory propounded by Planck led to the publication 
of a remarkable series of rs between the years 
1905 and 1911;in which Ay Pavia nesi 
was developed on the assumption 


that radiation 
when propagated has a quantum-like structure. The 
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photo-electric effect. Indeed, in his earlier years, 
Professor Einstein spent much of his time on 
applications of the quantum theory, as is indicated 
by his numerous contributions to the Annalen der 
Physik, the Physikalische Zeitschrift, the Proceedings 
of the Russian Academy of Science, and other scien- 
tific journals. His investigation into the variation 
of specific heat with temperature contains the first 
extension of Planck’s fundamental hypothesis, and 
its verification in essentials is one of the most 
convincing arguments in its favour.. Ten years 
later, in 1917, he published a deduction of the law 
of radiation in which Planck’s linear oscillator was 
replaced by the generalised Bohr atom. There 
remains the development of a ‘‘ unified field theory ” 
to bridge the gap between relativity and quantum 
mechanics and so embrace all » from the 
electron to the universe itself, a subject on which 
Professor Einstein is engaged at the present time. 
Professor Einstein’s work has long been recognised 
by the conferment of honorary degrees in several 
universities, and by the award of other distinctions, 
including the Nobel Prize, the Copley Medal of the 
Royal Society, and the Gold Medal of the Royal 
Astronomical Society. The present occasion is 
being marked also by a symposium of scientists at 
the Institute of Advanced Studies at Princeton 
University, New Jersey, of which he is Emeritus 
Professor of Mathematics. The Institute is to 
issue a special number of its Review of Modern 
Physics, containing several apprecigtions of the 
work of this illustrious scientist. 


Tue InstrrvoTIoN OF MECHANICAL ENGINEERS. 


At an extra general meeting of the Institution of 
Mechanical Engineers, held in London on Friday, 
March 18, 1949, Mr. C. C. Pounder, M.I.Mech.E., 
presented a paper on “Some Current Types of 
Marine Diesel Engine.” The President, Captain (E) 
W. Gregson, R.N.R., occupied the chair. Mr. 
Pounder introduced his paper by giving some 
historical notes on the development of double-acting 
and single-acting two-stroke engines fitted with 
exhaust pistons and added some further remarks on 
crank-case explosions. The first part of the paper 
described three types of marine Diesel engine built 
by Messrs. Harland and Wolff, Limited, namely, 
single-acting and double-acting two-stroke crosshead 
engines and the single-acting two-stroke trunk-type 
of engine, all fitted with exhaust pistons. The 

t tendency was to favour single-acting engines, 
but double-acting engines might return to favour 
in the same way that double-reduction geared tur- 
bines eventually overcame the first distrust. 
Trunk engines were used. on cross-channel and 
on certain types of trans-oceanic vessels for which 
crosshead engines were not suitable, mainly because 
of their height and weight. The first cost of 
trunk engines was appreciably lower than that 
of an equivalent crosshead engine, but a telling 
factor against them was the higher consumption 
of lubricating oil, while the cylinder-liner wear 
tended to be greater. The second part of the paper 
dealt with matters of detail, such as the timing 
of cylinder lubricators, the design and number of 
piston rings and their relation to scavenge-trunk 
fires, pistons and liners, fuel pumps and valves, 
scavenge pumps and crankcase safety precautions. 
There was no doubt that the last-named subject 
created the most interest. In the author’s opinion, 
crankcase explosions generally were caused by 
the formation of a hot-spot inside the crankcase, 
which vaporised. the surrounding oil particles 
and created an inflammable mixture. It followed 
from the nature of the problem that little could 
be done to alter the contents of the crankcase ; 
it was the engineers’ duty, therefore, to design so 


.as to, prevent explosions and, in cases where explo- 


sions did occur despite all precautions, to minimise 
the effects. In his opinion, the two main precau- 
tions were the fitting of relief doors to each crankcase 
unit and the provision of stiffer crankcase doors 
adequately bolted around their peripheries. After 
referring to the transmission of vibration and noise, 
materials of construction, surface -finish, the effect 
of. design changes on maintenance, and the use of 
lower-grade fuel oils, Mr. Pounder made a briet 


safe rule, namely, an impartial analysis of each 
proposition as it arose. 


Evecrricrry Surpty anp Furi Consumprion. 


A return for the year ended December 31, 1947, 
showing in some detail the electricity generated and 
the fuel consumed at those stations which give a 
supply of power to the public, was issued by H.M. 
Stationery Office last week at the price of 2s. 6d. 
net. Itis the last of what, except for the war years, 
wag an annual series compiled by the Electricity 
Commissioners, although it is indicated that the 
work will be continued by the Ministry of Fuel and 
Power. During the year under review, 334 stations 
were in operation. This was ten fewer than in 
1946, the difference being due to the discontinuance 
of generation in 15 stations and the bringing into 
operation of five new stations. The amount of 
electricity generated during the 12 months in these 
stations was 42,579,578,629 kWh, an increase of 
3-2 per cent. over the corresponding figures ‘for 
1946. The coal and coke consumed for this purpose 
amounted to 26,242,576 tons, an increase of 3-0 per 
cent., while the oil consumed was 47,698 tons, com- 
pared with 34,067 tons, Of the total output, 
96-92 per cent. was generated in steam stations, 
compared with 96-84 per cent. in 1946, and 2-81 in 
water-power stations, the number of which decreased 
from 42 to 40. The average fuel consumption was 
1-51 lb. per kilowatt-hour sent out ; the correspond- 
ing figure was 1-52 lb. in the previous year. The 
best performances as regards fuel consumption 
were at the Battersea station of the London Power 
Company, which only used 1 Ib. of coal per kilowatt- 
hour generated at a load factor of 63-1 per cent. 
and a maximum load of 286-5 MW, the Llynfi 
station of the South Wales Electric Power Com- 
pany with 1-07 lb. per kilowatt-hour, 71-2 per 
cent. load factor and a maximum load of 61-1 MW, 
and the Earley station of the Central Electricity 
Board with a consumption of 1-11 Ib. per kilowatt- 
hour at 47-8 per cent. load factor and 121-8 MW 
maximum load. The highest thermal efficiencies 
were obtained at Fulham, with 26-32 per cent., 
Llynfi with 26-22 per cent., the Dunston “ B ” sta- 
tion of the North-Eastern Electric Supply Company, 
with 26-04 per cent., Battersea with 25-97 per cent., 
the Taylor’s-lane station of the Northmet Power 
Company with 25-55 per cent., the Barking B 
station of the County of London Electric Supply 
Company with 25-41 ‘per cent., Mexborough with 
25-4 per cent., and Earley with 25-34 per cent. 


Tue Royal ENGINEERS. 


Major-General Sir Eustace Tickell, K.B.E., C.B., 
M.C., Engineer-in-Chief, War Office, gave a lecture 
on ‘‘ The Engineer in Land Warfare,” to the Royal 
United Service Institution on Wednesday, March 
16. He explained at the outset that he would 
confine his remarks to the work of the Royal 
Engineers, although they could not claim to be the 
only, or even the largest, body of engineers in the 
British Army. Owing to the gradual change in the 
connotation of “civil” engineer, so that it is now 
often used in the narrow sense, it is permissible to 
remark that the Royal Engineers are the civil engin- 
eers to the Army, whereas the other i i 
functions are fulfilled mainly by the Royal Electrical 
and Mechanical. Engineers. General Tickell said 
that the Royal Engineers had many diverse duties, 
and that they had to be prepared to undertake new 
types of work which arose in war. While the 
striking power per fighting soldier was being 
increased this necessitated a greater number of men 
employed in supply and maintenance. In the 
1939-45 war, land mines had not been, developed to 
any great extent. The Western Desert was not 
“mine country,” and when the fighting shifted to 
Europe, the Germans had not sufficient transport 
to embark on mining on a grand scale. One of the 
principal tasks of the Royal Engineers was to assist 
armies to cross natural obstacles... Two additional 
problems which might have to be solved were the 
provision of bridges capable of carrying very heavy 
vehicles, and the ing. of. undemolished 





bridges which were too weak for military traffic. 
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Although the mobility of army vehicles was being 
improved, the importance: of first-class roads was 
inoreasing because they had to carry heavy supply 
and maintenance traffic. In the Middle East, 2,000 
miles of new roads were constructed during the war, 
and at one stage, in North-West Europe, 10,000 tons 
of stone were being quarried and used daily. The 
Royal Engineers were sengoositty for the speedy 
provision of landing strips for the Royal Air Force, 
a task which became increasingly difficult as aircraft 
were improved and the pace of advance quickéned. 
Demolition work in a retreat, if it was to be efféctive, 
must be carried out on a wide scale by many men 
trained in this type of work. The railway respon- 
sibilities of the Corps required the services of railway- 
men drawn from civil life, and of regular soldiers 
trained in military railway work. Although it was 
not strictly an engineering task, it was found 
convenient for the Corps to be responsible for the 
operation, as well as the rapid construction and 
reconstruction, of docks. Watersupply was another 
R.E. responsibility. In the Middle East during the 
war, water at a rate sufficient to supply a city the 
size of Birmingham or Manchester was filtered and 
pumped. In overseas theatres, it was often neces- 
sary to undertake the local production of com- 
ponents such as Bailey-bridge parts, oil tanks for 
wagons, small ships, and anti-tank mines. The 
Ro: i were responsible for surveying, 
for the production and distribution of maps, and 
for such non-engineering branches as Movement 
Control. Although the Corps had a strength of 
only 1,000 officers in 1939, it provided 80 generals 
during the war. 


Tae Warrworts Society. 


Reverting to pre-war practice, the 24th annual 
commemoration meeting of the Whitworth Society, 
on March 18, took the form of a dinner, which was 
held at Kettner’s Restaurant, London. During 
the war, and immediate post-war, periods, luncheons 
were held. The date commemorates the foundation 
of the Whitworth Scholarships. The meeting was 
presided over by Mr. I. V. Robinson, the President, 
and two of the Whitworth Scholars of 1948 were 
Present as guests. It is the practice to invite all 
the new scholars, but on this occasion the remainder 
were not able to attend. After the loyal toast and 
the toast to ‘‘The Memory of our Founder.” had 
been proposed by the President, ‘‘ Success to the 
Whitworth Society ” was proposed by Major General 
A. R. Valon. In his response, Mr. Robinson, 
following the established precedent at these meet- 
ings, gave some account of the early part of his 
career. He gained his scholarship in 1902, his 
earlier experience having been in steam power 
engineering, including a period as a sea-going 
marine engineer. Discussing with the late Professor 
Perry how he should best utilise the opportunity 
presented by his scholarship, the latter displayed 
his prescience by advising him to join a firm con- 
cerned with the development and manufacture of 
steam turbines, not reciprocating engines. Mr. 
Robinson’s work has been connected with steam 
turbines and condensing plant from that day to 
this. Whether Professor Perry, if now alive, would 
advise a young man to concern himself with gas 
turbines cannot be said, but both of the 1948 
scholars who were present are now engaged in that 
branch of work. As was fitting, Mr. Robinson took 
the opportunity of congratulating Dr. R. W. Bailey, 
who was present, on his election as a Fellow of the 
Royal Society. Some evidence of the degree of 
scientific attainment which the membership of the 
Whitworth Society embraces is given by the fact 
that of the three new members of the committee 
whose election was announced, Dr. 8. F. Dorey, 
Sir Henry Guy and Dr. D. G. Sopwith, two are 
Fellows of the Royal Society. It was announced 
that the summer meeting would be held in New- 
castle on June 15 and 16, 4 visit being paid to the 
works of Messrs. C. A. Parsons and Company. At 
that meeting, the President-elect, Mr. H. Shoosmith, 
will take office. Mr. Shoosmith obtained his Whit- 
worth Scholarship in 1886; that is, 63 years ago. 
In a brief speech at the dinner, he stated that he 
was still in practice. This fact may be commended 


Drgset Eneins Users Association. 


There is little need to stress the importance of 
making the best use of fuel resources; Mr. T. R. 
Houston, B.Sc., A.M.I.Mech.E., therefore, was on 
sure ground when he presented his paper on “‘ The 
Principles of Diesel-Engine Waste Heat Recovery ” 
before a general meeting of the Diesel Engine Users 
Association, held in London, on Thursday, March 17. 
Mr. Houston introduced his paper by pointing out 
that, in this country, the average thermal efficiency 
for the generation of power by Diesel engines was in 
the neighbourhood of 30 per cent., whereas by the 
efficient use of the waste heat in the exhaust gases 
and jacket cooling water, this figure could be raised 
to something like 82 per cent.; obviously, this 
efficiency could only be obtained where power 
requirements were associated with a demand for 
heat. The author then went on to give detailed 
analyses of two typical of moderately-rated 
four-stroke engines and showed that the exhaust 
from a pressure-charged engine contained more 
heat at higher temperatures than that from a 
naturally-aspirated engine of the same output. 
The amount of heat that could be recovered from 
the exhaust, however, depended on the temperature 
to which the gases could be reduced at the boiler 
outlet ; the possibility of corrosion on the gas side 
had to be considered in this connection as most 
fuels contained ur and water vapour invariably 
was present inthe exhaust. So far as jacket heat 
recovery was concerned, the heat could only be 
used effectively if the working temperature was 
comparatively. high; its use, however, was more 
important from the economy viewpoint than the 
exhaust heat since all could be utilised and the 
yield was considerably greater. In cases where 
hot water could be employed at moderate tempera- 
tures, jacket heat could be recovered independently, 
but it was more usual to combine the two sources 
in series. Mr. Houston then turned to the balancing 
of the demands for load and heat and gave details 
of several methods of dissipating heat in excess of 
requirements and supplementing the waste heat 
from the engine by external means, such as electric 
immersion heaters. He concluded by giving a brief 
description of a heat pump driven by a Diesel engine. 





LETTERS TO THE EDITOR. 


PARTIAL-LOAD CHARACTERISTICS 
OF MARINE GAS-TURBINE CYCLES. 


To THe Eprror oF ENGINEERING. 


Sir,—While we would agree with much of what 
Mr. Sterland says in his article on “ Marine Gas 
Turbines,” published in your issues of December 24 
and 31, 1948, on pages 601 and 625, with reference 
to the effects the marine application will have upon 
the design of gas turbines, we feel that in his com- 
parison of the four simple gas-turbine layouts the 
author draws “‘ general” conclusions which are not 
justified by the ‘particular’ nature of his 
assumptions. 

For example, Mr. Sterland states that, ‘‘ It. must 
be concluded, therefore, that the simple gas turbine 
(with combined r and power turbine) 
used in conjunction with alternating-current electric 
drive is unsuitable for marine propulsion. For this 
Treason efficiencies at part loads have not been 
calculated.” But is such a damping conclusion 
justified by the sole fact that, in the single example 
Mr. Sterland works out, the compressor surges at 
35 per cent. of design output ? Without altering 
any other assumptions, a small movement of the 
engine design point on the compressor characteristic 
would remove this difficulty. Moreover, since the 
load, with its cube-law relationship with r.p.m., 
is taken from the turbo-compressor shaft, it is 
clear that the assumed characteristics of the com- 
pressor and the turbine must have an important 
influence upon the operating conditions of this engine 
Fat part- . We believe, therefore, that this single 
turbine layout is not necessarily unsuitable for 
marine use, and we have been able to demonstrate 
that, if a reasonably efficient heat exchanger is 
used,’ the engine’s part-load efficiency will generally 





to the attention of many members of a younger 
generation. 





be better than that of a comparable engine with 


Dealing with this latter layout, Mr. Steriand 
refuses to consider the part-load performance of an 
engine with reheat between the turbines becaux he 
says the design efficiency, both with or without a 
heat exchanger of 50 per cent. thermal ratio, is not 
‘improved. But a higher thermal ratio exchanger 
would probably give an improved full-power «{jj- 
ciency, and in any case the output per unit mass 
flow of the engine is improved by the use of reheat, 
thus making possible a smaller unit for a given 
power. It is surely presenting an unbalanced 
argument to dismiss in a sentence the use of rehvat 
with this layout, and then to spend a lot of tiine 
discussing its use as a device to make the intrinsi- 
cally poor layout with high-pressure power turbine 
a little more attractive. 

However, the author has demonstrated that the 
reheat temperature is a disposable variable at the 
service of the engine operator and that its variation 
can have a marked influence upon the operating 
conditions of an engine. In the more complicated 
cycles which Mr. Sterland suggests will be used in 
the future and in the double-compound type of 
engine with compressors in series on separate shafts 
which will be required to take full advantage of 
these cycles, the use of reheat, far from leading to 
difficulties in operation, may well improve the 
flexibility of operation of an engine. We have 
shown in our lecture to the Institution of Mechanical 
Engineers, which is now being published in the 
Institution’s War Emergency Proceedings No. 41, 
that the use of both reheat and intercooling can 
effect the proneness to surging of a double com- 
pound engine, but that if a suitable position for the 
power turbine is adopted, surging can be avoided 
and a much flatter efficiency curve against percen- 
tage power can be obtained than is possible in the 
single-rotor layouts considered by Mr. Sterland. 
Having regard to the greater specific power output 
of the double-compound engine of pressure ratio 12, 
say, it would seem probable that any serious attempt 
to design a marine gas-turbine engine, as opposed 
to converting an aero-engine to marine propulsion, 
would use such an engine type and not the simple 
layouts considered in Mr. Sterland’s article. 

Yours faithfully, 
D. H, Ma.iiyson. 
W. G. E. Lewis. 
National Gas Turbine Establishment, 
Pyestock, Farnborough, Hants. 
March 15, 1949. 





THE ENGINEERING OUTLOOK. 
To tHe Epiror oF ENGINEERING. 


Sm,—I wish to draw your attention to three 
errors in the fifth article of the ‘‘ Engineering 
Outlook ” series, on page 99, ante. 

In Table I, the export of coal cutters for October, 
1948, is shown as 110. This figure should be 40. 

It is stated that “‘from January to November, 
1948, 39,355/. worth of mining machinery was sent 
to France, and 11,7571. to Belgium. Exports 
however, are still at little more than a token level.’ 
The figures quoted are, in fact, the value of exports 
for the month of November only ; the figures should 
be 254,7281. to France, and 133,4901. to Belgium. 
It might also be of interest that the figure for the 
Netherlands is 255,9911. for a similar period. On 
the basis of these figures and those shown in Table I 
of your article, it will be seen that exports are well 
above “token level.” 

In Table III, under the heading ‘‘ Steam Turbo- 
alternators, less than 10,000 kW,” the figures for 
1948 should be : total 22-7, for export 21-3. 
I am, Sir, 
Your obedient Servant, 
Rapa Cox, 
Deputy Chief Information Officer. 
Ministry of Supply Information Branch, 
Shell-Mex House, Strand, 
London, W.C.2. 

March 17, 1949. 


(We are much obliged to Mr. Cox for his corrections, 
and regtet that, in spite of the care with which the 
“Outlook ” statisties ate checked, these errors had 
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escaped our notice.—Ep., E.}, 
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OBITUARY. 


PROFESSOR C. H. LANDER, C.B.E. 


Tue news of the death of Professor Cecil Howard 
Lander, which occurred suddenly at Shrivenham, 
Wiltshire, on March 17, will be received with regret 
by many engineers, fuel technologists and physicists. 
Professor Lander, who was Dean of the Military 
College of Science and Emeritus Professor of Engin- 
ecring of Imperial College and the University of 
London, was the son of Mr. E. H. Lander, of 
Stockport, and was born in 1881. He received his 
general education in private schools, and in 1897 
entered upon a three-year period of practical training 
in the engineering department of the Manchester 
Ship Canal Company. On completion of this, he 
acted as assistant to Mr. Charles Hopkinson, 
M.L.C.E., until 1901, when he joined the staff of 
Heenan, and Froude, Limited, where he was em- 
ployed on the design and testing of refuse destructors. 
Lander then took the honours course in engineering 
at the University of Manchester. In 1905, he 
graduated with First-Class Honours and gained the 
Fairbairn Prize. In the following year he was 
appointed demonstrator in engineering in his Alma 
Mater and, in 1908, obtained the M.Sc. degree. 
He became lecturer in ring at Manchester in 
1910 and retained this post until’ 1916, in which 
year he was awarded a D.Sc. for original research 
work on heat flow, surface friction and allied 
phenomena. 

From 1910 to 1913, Lander devoted some of his 
time to consulting work, in heating and fuel prob- 
lems, for industrial firms in Manchester, Sheffield, 
and elsewhere, and also carried out experimental 
work for the Home Office Humidity Committee 
on the ventilation of cotton factories. In 1916, he 
obtained a commission in the Royal Naval Volunteer 
Reserve and afterwards received an award from 
the Royal Commission for Secret War Inventions. 
In 1920, Dr. Lander was made assistant to the 
Director of Fuel Research and Superintendent 
of the Physical and Chemical Survey of the National 
Coal Resources, in the Department of Scientific and 
Industrial Research. In 1922, he was appointed 
Deputy Director and in the following year, on the 
retirement of the late Sir George Beilby, F.R.S., 
Dr. Lander became Director of Fuel Research. 

After being Director for eight years, Dr. Lander 

accepted an invitation to become Professor of 
Mechanical Engineering at the Imperial College of 
Science and Technology, City and Guilds College, 
South Kensington, in 1931. While serving in this 
capacity he encouraged and developed post- 
graduate research work and supervised investiga- 
tions in chemical as well as in mechani- 
eal. During the war of 1939-45, Professor Lander 
served as chairman of committees of engineers and 
scientists set up by the Ministry of Aircraft Pro- 
duction to assist in Camgeoeyress acre roan 
relating to jet-propulsion gas turbines, to devise a 
method of fog dispersal over airfields (F.1.D.0.), 
and to investigate and design og: burner 
giving the maximum possible flame length for 
flame throwers, for the Petroleum Warfare Depart- 
ment. Some of this work Professor Lander de- 
scribed in the Melchett Lecture, entitled “Team 
Work in Research,” which he delivered before the 
Institute of Fuel on October 17, 1945, after receiving 
the Melchett Medal of the Institute. 

In 1946, he retired from the City and Guilds 
College, under the age limit, and was made Emeri- 
tus Professor, but a few months subsequently, in 


November, 1946, he was appointed to the newly- | things 


created post of Dean of the Military College of 
Science at Shrivenham, Swindon. Professor Lander 
was created a C.B.E. in 1928, for his work as 
Director of Fuel Research. He was elected an 
associate member of the Institution of Mechanical 

i in 1908 and of the Institution of Civil 
Engineers in 1910, and was transferred to the class 
of member of the former Institution in 1918 and of 
the latter in 1925. He was elected a Fellow of the 
Institute of Physics in 1923 and a member of the 
Institute of Fuel in 1929. He became a Fellow 
of the latter Institute in 1939 and served as President 
from 1946 to 1948. 


RUDOLF DIESEL AND HIS 
INVENTION. 
By Dr, Evezn Dreszx. 


(Concluded from page 257.) 

Some critics maintain that Diesel’s invention of 
introducing fuel into heated compressed air was 
nothing new, and that the really new element—the 
theoretically precise regulation of the combustion 
process—was largely unworkable. The truth: is 
that every technical idea has its forerunner. Students 
of technical history know that certain problems 
often seem to be hovering in the air, and are taken 
up by several people simultaneously. But a 
problem looks different when tackled by a really 
creative intelligence ; and there is all the difference 
between writing about an idea and trying it out 
unsuccessfully on the one hand, and, on the other 
hand, being filled with such belief in it, combined 
with almost superhuman energy and patience, that 
the invention can be realised in practice. 

Diesel was completely obsessed by his theoretical 
ideas, although they were partly incorrect, and 
therefore he won final success. Inadequate theories, 
fervently believed in, have often led to amazing 
results. Some of his forerunners only wrote books, 
others tried to replace the carburettor by various 
methods of injection or to reach a somewhat higher 
degree of compression. Others, again, developed 
combustion chambers, to be able to burn crude oil. 
No one but Diesel had the courage to introduce such 
high compression. No one had put forward really 
practical suggestions or—with the exception of 
Banki with his water injection in a gasolene motor— 
had shown how such high compression could be 
realised, how the combustion space should be 
shaped, or by what method the fuel, duly controlled, 
should be introduced into highly compressed air. 
Diesel, however, had hit upon the correct working 
pressure of 30 atmospheres from the first practical 
attempt and, before beginning his experiments, 
had calculated to a nicety the efficiency which the 
engine actually reached. The high pressure of 
200 atmospheres provided for in theory was never 
seriously contemplated in practice. 

The gas-engine specialists of that day would not 
have had the courage to introduce such high com- 


pression; they considered Diesel’s invention | Years 


unworkable. Eugen Langen, who, together with 
Otto, had developed the four-stroke cycle, warned 
Diesel of the almost insurmountable difficulties he 
would meet in realising his invention. He remem- 
bered only too well his own troubles with the explo- 
sion engine, which operated with considerably less 
compression but with high explosion pressure, and 
now the compression was to be ten or twelve times 
as high. Diesel succeeded in greatly inspiring all his 
collaborators, even persuading powerful industrial 
concerns, such as the engine works of Augsburg, 
and Krupp in Essen, to give him every support. He 
set out with the full intention of using to the utmost 
his great personal powers of persuasion and sugges- 
tion. He foresaw that the new engine would be 
difficult to build, and that he would not succeed in a 
private laboratory ; therefore only the best and most 
efficient engineering works was good enough. His 
rivals lacked insight of that kind. They worked 
with inadequate means, and failed to rouse the 
enthusiasm Of influential industrialists. 

I remember once asking my father whether he 
really thought that his first experimental engine 
would run at once. He said, “ Yes,” showing not 
only his youthful enthusiasm, but also his firm 
belief in the correctness of his theory. In reality, 
turned out differently. When, on August 10, 
1893, he had fuel—it was gasolene—injected for the 
first time into the cylinder, there followed an 
explosion like a cannon shot, and bits of the smashed 
indicator flew past Diesel like shrapnel. Diesel, 
however, was delighted. He wrote: . “The basic 
principle has now proved correct.” This first 
explosion strengthened his faith, and kept up his | then 
courage. On August 18, the engine made its 
first kick on gasolene (not with coal-dust, as is 
sometimes stated) ; but it was not until February 17, 


1894, that the engine worked, running light, for a| qualities 


whole minute, making 88 revolutions. In May, 1895, 








it started working regularly, and could be run on 





kerosene instead of gasolene. At the end of 1895, 
it ran for 17 days with full dependability. 

In appearance, this engine was very different from 
the engine of 1893. The idea of isothermal combus- 
tion, which meant an engine without a water jacket, 
had been given up; this new model had a water 
jacket and an air compressor. From the beginning, 
Diesel had wanted to adopt solid injection, but no 
workable pump could be constructed at that. time. 
This did not happen until 25 years later, and we 
know now that, in the ’90’s, there were neither the 
materials nor the manufacturing methods, nor did 
anyone possess the experience required for minia- 
ture high-pressure pumps. Diesel had, therefore, 
to inject the liquid fuel with very highly compressed 
air, and for this purpose was obliged to add a com- 
pressor to his engine. He said to me once, “ When 
I realised that I had to use an air compressor I 
thought it was all up, for I felt sure the engine 
would then be too complicated and also too expen- 
sive.” The engine possessed, however, many 
advantages which compensated for these drawbacks, 
80 that its development could not be held up. 

The first engine was a pioneer, with all the inevit- 
able defects. The mechanical efficiency was still 
low, though the thermal efficiency was high. In 
1896, a second model was built, showing a much 
better efficiency. Early in 1897, it could transform 
nearly 27 per cent. of the heat contained in the fuel 
into useful work, and the Diesel engine at once 
became the best heat motor in the world. This 
second engine possessed all the features which 
characterised Diesel engines up to several years 
after the first world war. Naturally, the many 
engine builders who had worked on these motors 
since 1897 improved several of the details, but 
nothing essentially new was added until during and 
after the first World War. Then the problem of 
introducing fuel into the cylinder hydraulically, 
which involved deviation from the classic constant- 
pressure diagram, was solved. As a result, the air 
compressor out, and the efficiency increased 
about 10 percent. This simplification and improve- 
ment led to the world-wide use of the Diesel engine 
in automobiles, locomotives, tractors, etc. 

The experiments made in the laboratory of the 
Augsburg engine works, up to the final success of 
the second Diesel engine, lasted almost exactly four 
. That was the heroic period of the invention. 
Except for his engine fitters and occasionally his 
friend, Lucian Vogel, my father worked almost 
alone in the laboratory, up to the end of 1895 ; but 
he was backed by the Augsburg designers, and, 
above all, by. the great moral and financial support 
of the director, Heinrich Buz. The major difficul- 
ties to be overcome had been connected with the 
great pressure and high temperature, of which no 
one had had any experience, and for the control of 
which the proper packings, metals, etc., had first to 
be found. Many of the mechanical parts broke 
down, were damaged, or were burnt in the enormous 
heat inside the cylinder. Entirely new methods 
had to be tried out under quite new conditions. 
Diesel had gradually to learn from experience what 
in his theory could be realised and what not, how 
the combustion space should be shaped, the fuel 
introduced into the cylinder, etc was con- 
vinced that, in future, a still more perfect engine 
theoretically would appear. The original diaries 
still exist which show with what energy and deter- 
mination he went ahead. Nothing is farther from 
the truth than to say that the Diesel engine had 
come about by a mere fluke. There is no doubt 
that chance did play a part in its invention, but 
that has nearly always been the case with important 


inventions. Besides, what is “chance ” ? is 
@ question which even philosophy has failed satis- 
factorily to answer. 


‘The success of the Diceel exgine in 1807 cansed a 
Diesel, | world sensation. One reason for this enthusiasm 
was that, Le tS ae ts an coat 

propagated, t as as 
thes be expected with practical achievement. 
apes: Sattarer Hoe Selene Bede ne , Every- 
where people spoke of this unique case in the 
history of machine construction, of the wonderful 
of the new engine, and of the fabulous 
wealth which the inyentor was su to have 
gained overnight. There develo a kind of 
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Diesel ‘myth. Nearly everyone who, either as 
engineer or industrialist, had had anything to do 
with Diesel-engine~ development, during those 
remarkable years 1897-98, was surrounded with 
something like a halo. 

Then suddenly the wind changed, the storm 

broke, and misfortunes rained down upon Diesel. 
First of all there occurred some troublesome set- 
backs, for, in the general enthusiasm, engines had 
been sold prematurely without having been suffici- 
ently tried out, one of them being a two-cylinder 
70-h.p. Augsburg, sold in November, 1897, this being 
the world’s first commercially applied Diesel. Most 
of these engines developed defects in working, partly 
because there were no mechanics who were suffici- 
ently acquainted with the new motor. The unrelia- 
bility was not due to faulty construction, but to want 
of experience and imperfect details—valves which 
burnt, piston rings which did not fit tightly, oil 
explosions in the air pump—added to which was 
the difficulty of dealing with a type of fuel which 
had never before been used for power purposes. 
All this exasperated the purchasers. Even the best 
engines had to go through a period of close observa- 
tion, and required frequent overhauling. And yet, 
strangely enough, quite a number of these very first 
engines of German, British, French, Austrian and 
Swedish origin, having overcome their early defects, 
have operated for 40 years with absolute depend- 
ability. 
There followed now, in sharp contrast to the 
preceding enthusiasm, a period of acute depression. 
Naturally, Diesel’s enemies shouted in triumph, 
and there began those falsifications of history which 
are still to be found in engineering literature to this 
day. It was said that the engine could only be 
operated after it had been so fundamentally modified 
that hardly anything remained of Diesel’s design. 
That is not true. On the contrary, there was a 
great deal left even of the very first ideas and patent, 
and nearly all of his'second patent, besides the 
results of the experimental work which is obviously 
the salient point in all inventing. I have asked 
several prominent Diesel engineers of the late ’90’s 
whether they themselves had made any funda- 
mentally new inventions. They were not able to 
mention one. 

In 1896, Diesel was physically and mentally at 
the end of his strength. For 15 years, he had 
worked uninterruptedly at his exhausting profession, 
had invented, besides making the most nerve-racking 
experiments, ‘and helped to build up the Diesel indus- 
try. in other countries. He was completely over- 
worked. He had started a selling business too 
early, and, just when it had all become more than 
he could cope with, the above-mentioned setbacks 
occurred. At the same time, his enemies fell upon 
him, and for a couple of years it was uncertain 
whether the litigation over patents might not deprive 
him of all his success. He won his lawsuits, but 
afterwards he broke down completely with cerebral 
neurosis, and had to go to a sanatorium. His 
opponents attacked him again, calling him only a 
mediocre engineer who had hit upon the motor by 
chance. At this-critical moment not only Diesel’s 
honour as an inventor, but also his whole fortune 
was at stake. Thousands of technical, psychological 
and business problems tore constantly at his nerves. 
To-day we know that the catastrophe was partly 
due to the tremendous speed at which, after his 
initial successes, Diesel had tried to push ahead, 
and also to the fact that the engines had been 
put on the market tooearly. This was undoubtedly 
a mistake, due, however, to that intense, fiery 
enthusiasm which had been the mainspring of his 
success. 

After a time, he recovered, but the situation 
continued to disturb his mind. When he had be- 
lieved himself to be dying, he had, for the sake of his 
family, sold all his patents, thereby losing all 
decisive influence over the further development of 
his ‘own creation. Of course, able and ambitious 
engineers used the Opportunity to take the lead. 
His patents had been paid for to a considerable 
extent in Diesel shares, issued by newly-founded 
concerns, which were of no great value, since 
between 1898 and 1903 the selling business of these 
firms: had been slight or nil, owing to the above- 
mentioned setbacks. Diesel was, therefore, not so 








wealthy as was commonly supposed. The fact of 
having hardly any voice in the direction of his own 
invention, and being consistently set aside by 
certain competitors, wounded his pride. This was 
accentuated when, later, the Diesel-engine industry 
began to assume astonishing dimensions and the 
inventor became from year to vear more famous. 

For the numerous attacks on him, Diesel was 
himself responsible to a certain extent. He had, 
as I very well remember, a rocklike faith in his own 
theory which he held up to about 1899. He had 
launched a brisk propaganda, based on honest con- 
viction, for the wonderful conformity between his 
theory and the results obtained. He tried constantly 
to make his children, his friends, and the: general 
public realise that it was the incorruptible truth 
of the scientific theory which had led him to his 
invention. He was also convinced that the motor 
hitherto produced was only a modest beginning, 
and that, in due course, a theoretically and prac- 
tically more perfect type, of considerably higher 
efficiency, would appear. In time, he had gradually | fame 
to give up his conviction, especially after the terrible 
failure with a compound engine, on which he had set 
all his hopes of definite fulfilment. 

His opponents challenged him to admit that his 
whole theory had been wrong. Besides this, many 
other engineers had started to work on the Diesel 
motor. Some of them considered themselves geniuses 
and that Diesel’s fame was exaggerated. There 
were good reasons why Diesel would not go on his 
knees before them. In his youthful enthusiasm, 
and with his phenomenal ability and powers of 
persuasion, he had succeeded in winning over 
influential people, both in Europe and America. 
Had he in scientific discussion admitted errors, he 
would have endangered the position of the purchasers 
of his patents, since doubts about their validity 
might have arisen. Moreover, he proudly considered 
himself the real creator of the engine, and had no 
idea of surrendering to competitors who had achieved 
much less than he. Certain scornful remarks of 
this nature served only to inflame their opposition. 
Diesel had realised to the full what it means to 
invent—that, in Edison’s words, invention was 
“10 per cent. inspiration and.90 per cent. per- 
spiration.” 

After the great triumph of the Diesel engine in 
1897, motors had begun to be built not only in 
Germany, but also in America and in about ten 
European countries. Almost all of these countries 
distinguished themselves by pursuing some par- 
ticular line of mechanical development, not, how- 
ever, without attempting dangerous ventures, 
followed often by disappointments. This happened, 
for example, in America, where the efforts to sur- 
mount the initial difficulties were sometimes of a 
dramatic and even heroic nature. The way in 
which the Diesel engine was developed in the 
United States through the great brewing magnate, 
Adolphus Busch, and his chief engineer, Colonel 
E. D. Meier, gives a good insight into the American 
character and the conditions prevailing there at that 
time. It would take too long to tell the pioneering 
history of the Diesel engine in America. I must 
confine myself now to describing shortly the situa- 
tion in which my father found himself on recovering 
from his illness, leading up to the final tragedy. 

On paper, Diesel had earned not less than five 
million marks; yet, as mentioned above, a large 
part of this fortune was practically worthless, since 
it was invested in Diesel shares, which brought in 
no returns. Diesel, however, believed confidently 
for several years in the value of these shares, because 
he was convinced and, in the long run justly, that his 
engines would spread on a gigantic scale. He built 
himself a luxurious house in Munich. About 1906, 
he must have begun to suspect that he was not so 
rich as he imagined ; but, remembering his earlier 
successes, he felt sure that he could soon make 
another fortune. This time, however, it was not 
quite 80 easy, since, as I have said, he had sold his 
patents during his illness, and therefore had little 
say in the management of Diesel affairs. That was 
in itself sufficiently humiliating, and weighed on him 
all the more now that his fame ‘was increasing and, 
with it, the animosity of his antagonists. Now, 
ignoring his tragic situation, they even reproached 
him for not taking a share in the further develop- 


ment of his engine. Before the Diesel patents had 
expired in 1907 and 1908, he prepared, together 
with old and new American, Swiss, Belgian and 
English collaborators, to take an active part avain 
in the work of further Diesel development. This 
roused the enmity of former business associates \ ho, 
although they had kept him out of things, certainly 
did not wish to see him working with others. 

My father spent a lot of money on building a | big 
Diesel locomotive and on the development of 
Diesel automobile engine. Later, he even con- 
structed a new motor on a different working prin- 
ciple. This venture, however, was premature ; hie 
had gone too far ahead of his time. Not until 15 
or 20 years had passed had technical resources 
developed sufficiently to make such enterprise pos- 
sible. He failed, and at the same time suffered other 
heavy financial losses. At the depth of his misfor- 
tunes, ocean liners with Diesel engines were built 
without Diesel’s co-operation, though this impressive 
gummy of his invention brought him still greater 


One most important point must be liidiliaeed 
here : some of his collaborators, and also I myself, 
noticed that, during the later period of his life, 
Diesel made certain very strange errors of a scientific 
and business nature. He seemed to be changed 
through overwork, worries, mental and physical 
sufferings, as well as sickness. The documents 
from 1898 on bear quite a different character from 
the earlier ones. Later, his thoughts and actions 
sometimes assumed a somewhat feverish and unreal 
character. 

On his visit to America in 1912; Diesel was 
enthusiastically féted and was made an honorary 
member of the American Society of Mechanical 
Engineers. This delighted him, although the 
thought of the situation in which he, the world- 
famous man, found himself, gave him no peace. In 
the midst of this tragic psychologieal dissonance, he 
was again publicly attacked in a most sensational 
way in Germany, through the renewed belittling of 
his life’s work. False though most of these critic- 
isms, as they were presented, proved to be, they did 
not fail to embitter my father deeply. Besides this, 
I remember how, in 1913, several other heavy blows 
of a financial and psychological nature occurred 
almost simultaneously. It was too much for him. 
In the night of September 29-30, 1913, on a journey 
to England, he threw himself into the Channel. 

There is no doubt that my father took his own 
life. True, there was no one present to witness how, 
at dead of night, he leapt from the deck into the 
water, but all the circumstances—the letters and 
documents, besides my intimate knowledge of him, 
his manner and his talks during those last days and 
weeks—all combine to prove that it was undoubtedly 
a case of suicide. Many, if not all, of the details, I 
have set down in my biography of my father.* 
Yet, in spite of its wide circulation in several lan- 
guages, the most fantastic stories are still rife. 
Equally foolish are the German tales that he was a 
victim of British secret service agents, and the 
English version that he was thrown overboard by 
agents of the General Staff or Krupp because he 
had just made some important’ new invention, or 
was about to sell inventions to . I know 
for an absolute fact that, in 1913, my father had no 
invention or construction of military importance to 
sell, and no Admiralty or General Staff took political 
interest in him. Nothing whatever leads to the 
supposition that Diesel was murdered. Everything, 
however, points to the fact that, in a moment of 
utter despair, he threw himself into the sea. 





130-MiLE Conveyor BELT SystemM.—The Goodyear 
Tyre and Rubber Company (Gt. Britain), Limited, state 
that a conveyor-belt system, with a total length of 
130 miles, is to be constructed in the United States by a 
new corporation, Riverlake Belt Conveyor Lines, Incor- 
porated, at a cost of more than 50,000,000]. The main 
conveyor, 127 miles long, will connect Lorain, Ohio, on 
Lake Erie, with East Liverpool, on the Ohio River, and 
there will be spur lines connecting the cities of Cleveland 
and Youngstown with the main conveyor. The system 
will transport up to 52,000,000 tons of coal, limestone and 
iron-ore annually. It will consist of 172 belts or 
“ flighte,”’ enclosed in a structure 22 ft. above ground level, 
and travelling at 600 ft. per minute. 








* Diesel: der Mensch, das Werk, das. Schicksal. 
Reclam-Verlag, Stuttgart. 
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CONCRETE-TESTING APPARATUS. 


Fig. 2. 
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Fig. 1. 


THE WIGMORE CONCRETE 
CONSISTOMETER. 

A NEW apparatus for m ing the workability 
concrete, suitable for use in the feld, has been devel- 
oped by Mr. Victor S. Wigmore, and is manufactured 
by Messrs. A. Macklow-Smith, Limited, 8, Malbrook- 
road, Putney, London, 8.W.15. It is claimed that it 
gives an accurate measure of workability, whereas the 
conventional slump test does not, and that it can there- 
fore be used for measuring the efficiency of a concrete- 
mixing machine. A cylinder is filled with concrete, 
and a ball at the lower end of a rod, which is free to 
slide vertically in a guide in the lid, is allowed to rest 
on the top of the concrete. By means of a simple 
hand-driven mechanism, the cylinder and contents are 
then repeatedly raised and allowed to fall a standard 
distance on to a fixed platform. The number of shocks 
required to cause the rod to penetrate a standard dis- 
tance into the concrete is'recorded by a counter and is 
taken as the measure of workability. The Wigmore 
bag gp Bonsai valp orem rk efter 

A photograph of the standard-size consistometer, 
suitable for testing concrete with aggregate up to 1} in., 
is reproduced in Fig. 1, on this page, and a vertical 
section is shown in Fig: 2. The galvanised cylindrical 
container has a capacity of } cub. ft., and can be lifted 
off the stand for filling, cleaning, etc. The lid is fitted 
with a removable cap which acts as a guide for the 
penetrating rod. The rod is fitted with a 
phosphor-bronze ball at the bottom.and a knurled nut 
at the top, and the standard penetration is indicated 
by a mark near the top of the rod, which must terminate 
level with the upper edge of the cap at the end of a test. 
The exact weight of the rod assembly is controlled 
during manufacture by the depth of the tapped hole 
in the ball, a small quantity of lead being enclosed in 


the hole if necessary. The a us is mounted on 
a stand with a circular top orm, and the -con- 
tainer is located by six short. rods round the edge ; 
there ‘is, however, adequate clearance to avoid inter- 


of | c, which is 





ference with the ing operation. The container 
normally rests on the platform, but is rai by a 
disc a (Fig. 2), which is fixed to the end of a 
spindle 6. The spindle is itself raised by a cam plate, 
by a crank handle. The counter is 
screwed to a bracket on the cam-drive housing is 
driven from the cam-plate shaft through a 48-tooth 
gear and a 12-tooth pinion. Grease lubricators, are 
provided for the spindle 6 and the cam-plate shaft. 

To carry out a test, the container is filled with con- 
crete, and replaced on the platform, care being 
to ensure that the two surfaces are clean ; the handle i 
turned through two revolutions to compact the con 
crete, and the container is topped up level with 
the rim. The lid is replaced, the counter set to zero 
and the ball assembly placed in position with the ball 

ing on the concrete. The crank handle is then 

until the rod has sunk to the correct level, when 

the counter reading is noted. The test is carried out by 

one man in less time than that required for the slump 

test. The apparatus must be kept clean and free from 

adhering concrete, and the and ball should be 
washed immediately after each test. 

In a leaflet on the consistometer some notes are gi 


4 


to place concrete into position by spading, ding, 
punning, ramming or vibration. It is generally agreed 
that the slump test does not give an accurate indication 
of workability. For example, the time and effort 
required to place a 2:1:1 concrete having a 3-in. 
slump are considerably less than the time and effort 
required to place a “harsh” concrete of the same 
slump. The Wigmore consistency factor, however, is 
a function of workability; the more workable the 
concrete the less the energy required for placing and 
the lower the consistency factor. With a of 
factors from about 20 to 800 the workability of con- 
crete can be controlled more accurately than hitherto ; 
this applies to in-situ work, and to concrete of stiff 
consistency which is required for roads and vibrated 





As an a Te my basis. for comparison, the accom- 

penying ‘able gives figures for slump and consistency 

r for concrete having a fair degree. of workability, 

but it is important to remember that the consistency 

factor for concrete of a given slump varies with the 

workability of the mix. © more harsh the concrete 
the greater the variation. 





Approximate Slump, in. | Consistency Factor. 
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| 200 
| 180 
} 150 
| 110 
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85 
70 
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Suggested factors suitable for various classes of work 
are given below. They are to be taken as a guide only, 
and may be increased as found practicable. For 
example, the minimum figure recommended for pre- 
cast concrete compacted by table vibration is 180, but 


it may be increased to 250, depending on the efficiency 
of the vibrating table. It should never be necessary to 
use concrete with a factor lower than 40. 
Table vibration (minimum)... eee 180 
Roads, vibrated eee eee 100-150 
Mass foundations * 85-100 
Thick walls ... ose oes 65-85 
Thin walls... ° wee 40-55 


The efficiency of a concrete- machine may be 
regarded as the degree of workabilit , Le. the ‘con- 
sistency factor, which it.can produce in a given mix, 
and, if economic considerations are included, in a given 
time. The mix depends on the ions of tlie con- 
stituents, the grading, shape maximum size of the 
aggregate, etc., and the efficiency of the mixer will 
depend on the quantity of mix in relation to the drum 
capacity. It is therefore necessary, when comparing 
the efficiencies of mixers, to use, in each case, similar 
batches, and to mix for the same of time. The 
machine which produces conerete of the lowest con- 
sistency factor will be the most efficient. The aggre- 
gates should ly be measured dry to avoid 
variations in the total water content of the batches. 





MINISTRY OF SUPPLY DISPOSALS OF MACHINE TOOLS.— 
The Government sales of machine tools are nearing com- 
pletion and the Ministry of Supply announce that all 
disposal centres for these goods will be closed on April 1, 
with the exception of those in London and the Midlands. 
The London centre will remain at its present address, 
Caxton House East, Tothill-street, S.W.1, but the 
centre at C.M.L. Buildings, Great Charles-street, Bir- 
mingham, will be transferred to the Daimler No. 2 Fac- 
tory, Browns-lane, Allesley, near Coventry. Records 
of all machines on offer, irrespective of where they are 
lying, and the facilities available for purchasers to inspect 
machines and lodge offers will be available at both places. 





DREWRY MERCHANT Navy SCHOLARSHIPS.—In 1940, 
Mr. H. P. Drewry, a British merchant and shipbroker 
formerly resident in Paris, established a fund of 10,0001. 
te provide scholarships for certain boys who wish to 
become deck officers in the Merchant Navy. Scholarships 
from the Fund have been awarded annually to the sons of 
Merchant Navy, R.N., R.N.R., and R.N.V.R. officers and 
ratings who died, or were seriously disabled by enemy 
action, or discharged on grounds of ill-health while 
serving in the war, or who are still serving. In general, 
however, preference will be given to the sons of Merchant 
Navy and R.N.R. officers and ratings. Scholarships, 
to be taken up at the beginning of the forthcoming 
autumn session, will again be awarded this year and will 
be tenable at the Nautical College, Pangbourne, Berk- 
shire; H.M.S. Conway, Nautilus House, 6, Rumford- 
place, Liverpool, 3; H.M.S. Worcester, Greenhithe, 
Kent; T.S. Mercury, Hamble, Southampton, and the 
School of Navigation, University College, Warsash, 
Southampton. Candidates for entry into the Nautical 
College, Pangbourne, and the T.S. Mercury must be 
13 or 14 years of age ; those for entry into H.M.S. Conway 
and H.M.S. Worcester, 14 or 15 years of age, and candi- 
dates for the University Collége, Southampton, must be 
16 years of age. Inquiries should be addressed as soon 
as possible to the Principals of the schools at the addresses 
shown above, who will supply application forms. The 
final date for the return of the forms is April 30, 1949. 
Awards may also be ‘made to the sons of the: above- 
mentioned officers and ‘ratings who are engineer appren- 
tices or’ who are studying at day or evening technical 
schools with a view to becoming deck or engineer officers 
in the Merchant Navy. In their case inquiries, in. the 


first instance, should be addressed to the secretary; The 
Drewry Fund, Ministér of Transport, Berkeley-square 
House, London, W.1. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ MetRosE.”—Single-screw cargo vessel, built 
by The Grangemouth Dockyard Company, Limited, 
Grangemouth, for the Continental trade of Messrs. Geo. 
Gibson and Company, Limited, Leith. Main dimensions : 
245 ft. by 38 ft. by 22 ft. 2 in. to shelter deck; deadweight 
capacity, about 1,300 tons on a draught of approximately 
14 ft. 6 in. Eight-cylinder Atlas Polar Diesel engine, 
developing 1,300 b.h.p. at 250 r.p.m., supplied by Messrs. 
British Polar Engines, Limited, Govan, Glasgow. LEsti- 
mated speed, 13$ knots. Launch, February 15. 

M.S. ‘* QUEEN OF THE CHANNEL.” —Twin-screw passen- 
ger vessel, built and engined by Messrs. William Denny 
and Brothers, Limited, Dumbarton, for the General Steam 
Navigation Company, Limited, London, E.C.3. Main 
dimensions : 272 ft. by 40 ft. by 11 ft.6in. Two Denny- 
Sulzer two-stroke cycle marine Diesel engines of the 
trunk-piston airless-injection port-scavenging type, to 
give a speed of 19 knots. Launch, February 25. 

M.S. “ GorRGULHO.”—Twin-screw refrigerated-cargo 
vessel, carrying 27 passengers, built. by The Grangemouth 
Dockyard Company, Limited, Grangemouth, for the 
Empresa Insulana de Navegacio, Lisbon. Main dimen- 
sions: 220 ft. by 35, ft. by 15 ft.; deadweight capacity, 
1,100 tons on a draught of 14 ft. Two eight-cylinder 
Diesel engines, developing an aggregate of 1,300 b.b.p. 
at 300 r.p.m., supplied by Messrs. Mirrlees, Bickerton 
and Day, Limited, Stockport, Cheshire, to give a speed 
of over 12 knots. Trial trip, March 1. 

M.S. “‘ BELAS.”—Single-screw cargo vessel, carrying 12 
passengers, built and engined by Messrs. William Doxford 
and Sons, Limited, Sunderland, for the Sociedade Geral 
de Commercio, Industria e Transportes, Ltda., Lisbon. 
Last vessel of a series of four. Main dimensions: 
424 Tt. by 53 ft. 9in. by 25 ft. 6in. ; deadweight capacity, 
about 7,100 tons on a draught of 23 ft. 6 in. Four- 
cylinder opposed-piston combined-stroke Doxford oil 
engine, of 3,300 b.h.p., giving a service speed of over 
13 knots. Trial trip, March 7. 

M.S. “ Brrrise YEomMAN.”—Single-screw tanker, built 
by the Furness Shipbuilding Company, Limited, Haverton 
Hill, County Durham, for the British Tanker Company, 
Limited, London, E.C.2. Main dimensions: 490 ft. 10 in. 
by 61 ft. 9 in. by 33 ft. 11 in.; deadweight capacity, 
12,250 tons on a summer draught of 27 ft. 64in. Four- 
cylinder North Eastern Marine-Doxford opposed-piston 
reversible oi] engine of 3,100 b.h.p., installed by Messrs. 
Richardsons, Westgarth and Company, Limited, Hartile- 
pool. Service speed, 11} knots. Trial trip, March 8. 

8.8. “ Stina Dan.”—Single-screw cargo vessel, built 
by Messrs. Short Brothers, Limited, Sunderland, for 
Messrs. J. Lauritzen, Copenhagen, Denmark. Main 
dimensions: 310 ft. (between perpendiculars) by 47 ft. 
by 27 ft. 11 in. to shelter deck; deadweight capacity, 
about 3,400 tons on a draught of 19 ft. Triple-expansion 
engines of reheat design to develop 1,950 i.h.p., installed 
by Messrs. George Clark (1938), Limited, Wallsend, and 
two oil-burning multitubular boilers, to give a service 
speed of 12 knots. Trial trip, March 9. 

S.S. “ DoNa Istpora.”—Single-screw collier, built and 
engined by Messrs. William Gray and Company, Limited, 
West Hartlepool, for the Compafiia Carbonifera e Indus- 
trial de Lota, Valparaiso, Chile. Main dimensions: 
358 ft. 8 in. by 48 ft. 8in. by 29 ft. 9 in. to raised quarter 
deck ; deadweight capacity, 5,080 tons on a draught of 
21ft.10in. Triple-expansion steam-reciprocating engine 
and three multitubular boilers designed to burn Chilean 
coal, developing a service speed of 10} knots. Trial trip, 
March 10. 

S.S. “ PooLE CHANNEL.”—Single-screw collier, built 
by Messrs. John Crown and Sons, Limited, Sunderland, 
for Messrs. Coastwise Colliers, Limited, London, E.C.3. 
Main dimensions: 224 ft. (between perpendiculars) by 
36 ft. by 16 ft. 3 in.; deadweight capacity, 1,700 tons. 
Triple-expansion engine of 750 i.h.p. and two boilers 
supplied by The North Eastern Marine Engineering 
Company (1938), Limited, Sunderland, to give a speed of 
10 knots. Latnch, March 14. 

8.8. ‘‘ MoLz.”—Twin-screw grab hopper dredger built 
by Messrs. Henry Robb, Limited, Leith, to the order of 
the Crown Agents for the Colonies, London, 8.W.1, for 
service in Nigeria. Main dimensions: 130 ft. (between 
perpendiculars) by 28 ft. by 10 ft. 6 in. to upper deck ; 
deadweight capacity, about 300 tons on a mean draught 
of 8 ft. 3in.; hopper capacity, 5,000 cub. ft. Two com- 
pound surfa densing engines, supplied by Messrs. 
Aitchison, Blair Limited, Clydebank, Dumbartonshire, 
and one multitubular boiler, to give a speed of 8 knots. 
Dredging crane and six types of grab of their own design 
supplied by Messrs. Priestman Brothers, Limited, Hull. 
Launch, March 15. 

M.S. “ TRELEVAN.”—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for Messrs. Hain Steamship Com- 
pany, Limited, mdon, E.C.3. Fourth vessel of an 





order for five. Main dimensions : 443 ft. by 56 ft. 6in. by 
29 ft.; deadweight capacity, about 9,260 tons on a 
draught of 25 ft. 10} in. Four-cylinder opposed-piston 


LABOUR NOTES. 

As announced in the preliminary report issued in 
November, the second session of the Anglo-American 
Council on Productivity will be held in the United 
States and is expected to commence in a few days’ 
time. The main party of members of the British 
section of the Council Jott Britain last Friday, under 
the leadership of Sir Frederick Bain, M.C., joint chair- 
man of the British side, Sir Greville Maginness and Mr. 
Arthur Deakin, C.B.E. Another party of members of 
the Council, including Sir Maurice Denny, Bt., and the 
joint secretaries of the British side, Sir Norman Kippi 
and Mr. Vincent Tewson, C.B.E., left for the United 
States in advance of the main body. It may be 
recalled that the Council was established, in October 
last year, on the initiative of Sir Stafford Cripps and 
Mr. Paul G. Hoffman, the United States Economic 
Co-operation Administrator, to further the Govern- 
ment programme for increasing productivity. The 
Council consists of two sections, British and American, 
both comprising re tatives of ent and 
labour; the British section is nominated by the 
Federation of British Industries, the British Employers’ 
Confederation and the Trades Union Congress. 





The members of the British section of the Council are 
expected to spend about three weeks in the United 
States, during which time, in addition to attending the 
meetings of the full session of the Council, they will 
visit a number of American factories on varying 
types of manufacture. The Council will review the 
progress made to date, consider the reports of the five 
committees set up during its first session in England, 
and settle its plans for the future. The reg nage 
for the visits of teams of British employees from all 
levels of production to appropriate factories in the 
United States are also likely to occupy the Council’s 
attention. The first of these teams, drawn from the 
steel-founding industry, arrived in New York on 
March 14. During their stay in the United States 
the Trades Union representatives will 

ity to discuss with the 
Congress of Industrial isations and the American 
Federation of Labor the possibility of creating an 
international trade union on a basis different from the 
existing World Federation of Trade Unions. 





The strike notices of the colliery-winding enginemen, 
which were due to ire to-morrow, were withdrawn 
at the end of last week, following a series of meetings 
in London, during the preceding fortnight, between 
representatives of the union concerned, the Colliery 
Winders’ Federation of Great Britain, and officials of 
the Ministry of Labour. In announcing this at a 
meeting of the federation at a Northumber- 
land, last Sunday, Mr. E. Allen, the federation’s general 
treasurer, that officials of the National Coal 
Board had b invited to attend the meeting, on 
March 17, between tatives of the federation 
and the Ministry’s chief industrial commissioner. As 
a result of the discussions which ensued, it was 
that the Board would meet representatives the 
federation, in London yesterday, to review the whole 
position. The arrangements for yesterday’s meeting 
with the Board were, however, conditional on the 
strike notices being withdrawn and the federation 
agreed to this condition. 


The federation had claimed that the National Coal 
Board had failed to reply satisfactorily to the federa- 
tion’s demands for an increase of 3s. 2d. a shift, bringi 

the total wage to 35s. a shift, and two weeks’ ann 

holiday with pay, in addition to the six statutory 
holidays. The federation felt that their members’ 
wages had failed to keep pace with those in other 
sections of the coal-mining industry, and that they 
were insufficiently represented in negotiations with the 
Board. There appears to have been some difficulty 
in arranging official meetings between the Board and 
the federation, owing to the Board’s recognition of the 
National Union of workers as the organisation 
entitled to tt the colliery-winding enginemen, 
of whom a su tial majority, in fact, bel to the 
union. Out of the 4,000 enginemen in the employment 
of the Board, only about 1,560 belong to the federation, 
but these are distributed throughout the Board’s coal- 
fields, exeept the Welsh. Mr. Arthur Horner, the 


union’s general secretary, announced last Friday that 
par of the union were authorised to take any 
steps n to maintain coal production, in the 
event of a e by the enginemen. 





The need to attract young recruits to the iron and 
steel industry has been recognised by the British Iron 
and Steel Federation for some time. With the bac 
of the trade unions concerried and the Ministry 





Doxford marine oil engine of 3,300 b.h.p., to give a service 
speed of 13 knots. Launch, March 15. 





Labour, the Federation has now organised a compre- 
hensive educational and training campaign, the central 
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feature of which is to be a series of exhibitions in the 
main steel- ucing areas. These exhibitions are 
intended to demonstrate to parents and youths the 
prospects which the industry offers. The first wag 
— at Middlesbrough last Wednesday and others 
of a similar character will be held at Manchester, 
—. Scunthorpe, Glasgow, Bilston, Cardiff and 
wansea. 


Another feature of the campaign is a training scheme 
for young recruits to the industry up to the age of 2), 
This has been prepared by a central committee, under 





ng | the chairmanship of Mr. G. Steel, managing director of 


the United Steel Companies Limited, and wil! be 
operated Any area organisation fing the whole 
country. The scheme will seek to the gap 


between school and industry by giving instruction on 
jobs in poor through Bf and by arranging, 
where possible, for vocational and non-vocational train. 
ing by local educational authorities on one day a week. 
Up till the present time, the iron and steel industry 
has found difficulty in recrui' for the non-craft 
occupations rather than in suitable lads for 
training as craftsmen, but it is felt that labour shortages 
which are likely to ensue from the anticipated expan. 
sion of the industry and the raising of the school-leavi 

will be offset only by better remuneration and 
earlier advancement. 


All three claims by the National Union of Railway. 
men for wage increases of 12s. 6d. a week have now 
been rejected outright by the arbitrating bodies to 
which they were referred. By far the most important 
of the three was that in respect of the 500,000 employees 
of the Railways Executive and some 4,000 employees 
of the Docks and Inland Waterways Executive, which 
came before the Railway Staff National Tribunal sitting 
under the presidency of Sir John Forster, K.C. An 
agreed statement issued by the Executives and the 
union on Monday night merely declared that “ The 
claim has not been established.” The ion of 
the union’s claim against the London port 
Executive, which affected about 16,000 of the Execu- 
tive’s employees, of whom nearly 6,000 were clerical 
and supervisory staff, was announced on March 16. 
The claim had been considered by the London Transport 
Wages Board. The first of the union’s claims to be 
refused was that against the Hotels Executive, 
which had come before the National Arbitration 
Tribunal. The claims had not been supported by the 
many Clerks’ Association and the Associated Society 
of Locomotive i and Firemen, the 
members of pH: a would have vena had 
the claims been successful. As the of the 
three arbitrating bodies are final, the National Union 


of Railwaymen will be unable to pursue these claims 
further in their present form. 





It is anticipated that the union will summon a special 
delegate outaaie in London at an early date to con- 
sider the rejection of the wage claims against the four 
Executives and to discuss the formulating of fresh 
demands, one of which may take the form of a demand 
for extra payment for duty performed on Saturday 
afternoons, which is now worked as part of the norma! 
44-hour week. A claim for wage increases limited to 
the lowest-paid grades, to whom present high prices 
cause the greatest hardship, is likely to find favour 
in many quarters. It was part of the union’s case 
that there had been an increase in the cost of living 
but the Executives contended that the increase, since 
the publication of the White Paper on “ Personal 
Incomes, Costs and Prices,” in February last year, 
had been a small .one. 





A more modest treatment than previously of man- 
wer estimates is disclosed in the “ Economic Survey 
1949’ (Cmd. 7647), probably as the result of 
experience gained last year. It may be recalled that 
the man-power expectations of the 1948 survey for 
some essential industries were far from realised when 
the year ended, Whereas the 1948 survey ee 
increases of 55,000, 32,000 and 28,000 in the agricultural, 
coal-mining, and textile industries, the end of that year 
recorded increases of only 36,000, 8,000 and 10,000, 
respectively. The 1949 targets for these three indus- 
tries are for increases of 10,000, 10,000 and 7,000 only. 





The labour force in the distributive trades, which 
was estimated to fall 31,000 in 1948, but which, 
in fact, increased by 55,000, is expected to increase by 
a further 16,000 in 1949. The total employmént in the 
woollen industry, which increased in 1948 by only 8,000 
instead of the hoped-for 22,000, has been given a target 
to show an increase of 9,000 in 1949. Labour in the 


of by the 164,000 anticipated in the 1948 , iB 
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ACCELERATED WEATHERING TESTS OF PAINTS. 





Fig. 1. 


ACCELERATED WEATHERING 
TESTS OF PAINTS.* 


Tue importance of rapid and accurate methods of 
assessing the durability of paint will be ly 
recognised. Hitherto, paints have been chosen and 
accepted largely on the basis of chemical analyses, but 
this practice is now less satisfactory, in view of the 
widening range of “a raw materials employed in 
paint manufacture. is has led to the increasing use 
of performance tests, such as measurements of extensi- 
bility, scratch hardness, gloss, opacity and water 
resistance, These tests, however, can be misleading, 
since they have to be applied to paint films that have 
not aged sufficiently to attain a condition of relative 
stability. Furthermore, it is not yet possible com- 

ly to cosrelate physical properties with durability. 
ing the past fifteen the Paint Laboratory of 
the Scientific Research to Ad of British Railways 
(London Midland Region) has devoted much attention 
to the development of a system for the assessment of 
_ durability based on accelerated-weathering tests. 
is development has been carried out in parallel with 
extensive outdoor ——- tests in industrial, rural 
and corrosive (tunnel) atmospheres, and with long 
study of the behaviour of paints on buildings, struc- 
tures, and rolling stock. 

The accelerated-weathering test was initially 
developed with the twin-arc Weather-ometer (Gardner 
Model), manufactured by the Atlas Electric Devices 
Company, of Chicago, U.S.A., in which painted i- 
mens are exposed alternately to light and: heat 
carbon arcs and water from sprays, but the instrument 
does not give a sufficient d of flexibility of the expo- 
sure cycle. Early results showed that good correlation 
exists between lerated-weathering tests conducted 
in the Weather-ometer and exposure under rural con- 
ditions, so far as the purely decorative aspect is con- 
cerned, but where protection is a criterion the results 
were found to be i , and certain anomalies 
appeared ; for example, pigments such as aluminium, 
iron oxides, etc., gave an abnormally high resistance to 
breakdown when compared with paints containing white 
lead or zinc oxide. In this connection, it has been 
interesting to note that these results coincide with the 
observations made by Dr. H. B. Footner in describing 
the relative merits of paints for use under ical con- 
ditions (Journal of the Oil and Colour Chemists’ Associa- 
tion, November, 1947), and with the relative trans- 
parency of oo to ultra-violet light. 

These initial results gave ample justification for 
further work and established the carbon-arc lamps as 
the light source. It became apparent, however, that 
the durability of a protective, or even decorative, 
scheme could not be assessed completely on the results 
of a single accelerated-weathering cycle. The inter- 
pretation of the results of the individual tests is difficult, 
and can be made only on the basis of the comparison 








* Communication from the London Midland Region, 
British Railways. Abridged. 





APPARATUS FOR ATMOSPHERIC-POLLUTION TESTs. Fi. 


with a standard material of known ormance. In 
the absence of corrosive conditions for the test, protec- 
tion failures did not, in general, occur within a reason- 
able period ; this period could be reduced by the testing 
of individual, rather than multiple, coatings, but since 
the durability of a paint system depends to a large 
extent upon the inter-relation between coats, it has been 
the policy to regard the complete coating system, from 
primer to weather coat, as the unit for ing. The 
testing of paint systems on wood in ted- 
weathering cycles has not been successful, since the 
volume changes induced by rapid changes in moisture 
content of the wood, especially when accompanied by 

ing, induce paint failures not directly attributable 
to nature of the paint used. The difficulty may 
be overcome eventually by the use of fibre board, which, 
while possessing the same order of porosity, will not 
distort so violently. 

Thus, the principal need revealed in the initial tests 
was for the inclusion of a method for accelerating the 
corrosion of the speci At that time, the method 
adopted by metallurgists to accelerate the corrosion 
of metal involved the use of a salt spray, but a series 
of experiments showed that when salt sprays are 
incorporated in an lerated ing cycle on 
“sop oye specimens the rate of breakdown of the paint 

7 - erally unaffected by the spray, and corrosion 
of t 


paint coating. The inclusion of dilute acids in the 
spray did not influence the results, and it was not until 
sodium bisulphite was introduced that promising results 
were obtained. One of the criteria used in evalu- 
ating an accelerated-weathering cycle was similarity 
of failure under test conditions resembling those found 
in practice, and, with the introduction of the sodium- 
bisulphite spray, a number of abnormalities previously 
observed were overcome. The excessive chalking, 
especially of zinc-oxide paints, disa , and colour 
changes, for example, the blueing of Brunswick greens 
(a notable feature of paints containin ee in 
acid atmospheres) were obtained. ition, the 
development of toe —— failures of 
specimens exposed to a cycle including the sodium- 
er was more rapid, and increasingly good 
co ion with the behaviour of paints in service was 
obtained. Later, the spray-was abandoned in favour 
of the use of gaseous sulphur dioxide, introduced into a 
chamber in which the specimens were suspended in 
an atmosphere conditioned to 100 per cent. relative 
humidity and 40 deg.C. This has proved satisfactory, 
and discrepancies noticed in the earlier have 


Gitkemse ta pigttctetion. “Yeastines bev pooved 
ces in pi ion. i ved ewe 
to be rather sensitive to the acid and humi itions, 
and excessive darkening, not related to the behaviour 
of the varnish in service, tends to develop. It is not 
contended that the cycle as used at the moment is 
pee ge it Perper — definitely that it 
provides a method of test gives good co i 
with behaviour in service. 

The apparatus illustrated in Fig. 1, on this page 


weath 
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2. ACCELERATED-WEATHERING MACHINE. 


is simple in design and operation. It consists of 
two units, each of two glass tanks (1 ft. by 1 ft. by 
1 ft.), with a circular hole 1} in. in diameter cut in 
the bottom. In each unit, one tank is inverted over 
the other, the upper tank carrying a rack from which 
the specimens are suspended on small non-corrosive 
hooks (polyvinyl-coated wire is suitable). The lower 
tank is fitted with a rubber bung carrying a drain pipe 
and two inlet tubes, through one of which steam 
a boiler is passed into the chamber at a rate sufficient 
to maintain a temperature of 40 deg. C. The second 
inlet tube is used for the introduction of sulphur 
dioxide, delivered from a syphon at the rate of 15 cubic 
centimetres per minute measured by a capillary flow 
meter. The test specimens are introduced into the 
cabinet and subjected to the following exposure con- 
ditions daily: three hours exposure to 100 per cent. 
relative humidity at 40 deg. C.; one hour exposure 
to 100 per cent. relative humidity, together with 
sulphur dioxide introduced at the standard rate of 
flow ; and two hours exposure to 100 per cent. relative 
humidity at 40 deg. C. This cycle is repeated on four 
consecutive days a week, and, in addition, the 1s 
are either subjected to accelerated weathering in the 
Weather-ometer, or allowed to remain in an atmosphere 
at 100 per cent. relative humidity at room temperature 
for the rest of the working week of 5 days, as desired. 
exposure to the corrosive atmosphere is unac- 
companied by exposure to ultra-violet light, the results 
compare very accurately with results obtained under 
extremely corrosive conditions, such as exposure in 
railway tunnels or the underside of bridges and station 
awnings, which are subjected to humid and corrosive 
conditions.. It is of interest to note that these extreme 
conditions can be reproduced most readily in laboratory 
accelerated-exposure tests because the overwhelming 
cause of failure is obvious, thus supporting the view 
that the most important consideration controlling the 
of accelerated-weathering tests is the balance 
of the factors which produce the degradation of the 
film. Tho eqgesttes Sus bein used successfully for a 
considerable number of years, but the temperature and 
humidity control leave much to be desired, and it 
has been decided to develop more rigid control and 
reproducible conditions—necessary pre-requisites for 
the wider use of the test in which the specification 
requires the use of a humidity cabinet. 

For the complete assessment of the relative merits 
of new processes based on new materials, accelerated 
exposure tests are carried out using the following 
accelerated cycles (for purely decorative finishes the 
extreme corrosive test cycle is omitted, and interior 
finishes are evaluated with emphasis placed on the 
more superficial ies, such as gloss and colour 
retention). (1) For the assessment of behaviour under 
rural. conditions: exposure in the Weather-ometer, 
using two carbon arcs in conjunction with one water 
spray. The test is carried out until significant differ- 


rrelation | ences or failures are obtained, the weekl 


ly exposure 
consisting of five cycles of 24 hours duration. (2) For 
vhe assessment of behaviour under industrial condi- 
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tions: (a) imens ¢ for an initial ageing 
period of 48-hours duration to conditions as stated in 
cycle (1), followed by (6) 18 hours exposure in the 
Weather-ometer, using two arcs with water spray ; 
and (c) six hours ex in the humidity/sulphur 
dioxide cabinet, the sulphur dioxide being introduced 
for the fourth hour of the test only. The normal 
weekly —— after the initial exposure period (a) 
consists of five periods of exposure, as outlined in (5), 
with four periods of exposure to cycle (c). (3) For 
assessing behaviour under extremely ccrrosive condi- 
tions : the weekly exposure consists of four periods of 
six hours’ duration to the humidity/sulphur dioxide 
test, as outlined in cycle (2) (c), the remaining 18 hours 
of the day being spent in an atmosphere at 100 per 
cent. relative humidity at room temperature (15 deg. 
to 20 deg. C.). It is considered that materials capable 
of withstanding the effects of the above accelerated 
tests would be satisfactcrily durable under service 
conditions, provided the surface is adequately prepared 
prior to painting. The best three-coat paint systems 
of the ive class withstand the test cycle (3) for 
a considerable length of time up to 100 ye pn 
periods, and have given outdoor durability of from 
7 to 10 years under normal industrial atmospheric 
conditions. 

The recent period of national emergency clearly em- 
phasised the usefulness of accelerated exposure tests 
since materials had to be modified at short notice due 
to unpredictable shortages of raw materials of proved 
worth. As a result of the experience gained, the railway 
laboratory uses the accelerated-weathering tests with 
considerable confidence, and it has become necessary 
to extend the testing facilities. The twin-arc machine 
built in the United States has proved the value of the 
principle, but it appeared desirable, particularly under 
present conditions, to obtain the new machine in this 
country, embodying the modifications which experi- 
ence had shown to be necessary. Consequently, in 
1946, Messrs. Kelvin, Bottomley and Baird, Limited, 
Hillington, Glasgow, S8.W.2, were approached, and 
agreed to produce a weathering machine to a general 
specification which aimed at making the operation of 
the machine as flexible as possible, so that the most 
suitable conditions for accelerated-weathering tests 
could be determined. The machine was delivered last 
year, and the following particulars will be of interest 
to manufacturers and users of paint. 

The body of the machine, which is illustrated in 
Figs. 2 and 3, on this page and on page 285, consists 
essentially of a revolving drum, 4 ft. in diameter, fitted 
with racks capable of carrying three rows of test speci- 
mens of the usual sizes, 9 in. by 2 in. or 9 in. by 3 in. 
The drum can be rotated at three speeds, namely, four, 
three or two revolutions per hour. The rotation of the 
drum instead of the arc-and-spray mechanism was con- 
sidered more satisfi , a8 it eliminated the use of 
—e and brushes the arc-lamp circuits, thus 

ies Seighaal axnhies tho toch onppented the panel 
in the inal machine the sup’ the 

outwards towards 


the side of the drum, 


Arc-Lamps, SPRAYS AND RACKS. 


in the new machine the test imens are sloped in 
the reverse direction, to enable water to flow over 
the back, if considered necessary for the control of 
temperature. The light source consists of four carbon- 
arc lamps, one pair being at a fixed height opposite 
the topmost panel rack, while the second pair can be 
raised or lowered independently by means of self- 
sustaining hand winches, to operate at any of the three 
rack levels. All four lamps can be moved indepen- 
dently along the carrying arm, so that the distance 
between the arc and the specimens can be varied from 
8 in. to 18 in. Water sprays are provided at the four 
quarters of the drum, and are situated between the 
arc lamps, permitting the test specimens to be yed 
on the back as well as the front, as shown in Fig. 4. 
The front spray gives the desired humidity and tem- 
perature changes, and the back spray enables the 
— to be further cooled, if desired, while passing in 

it of the arcs, Each water spray is fitted with a 
cock, and each lamp is fitted with a choke and switch 
for individual control. The variation in speed is con- 
trolled by means of a three-speed gearbox, situated 
beneath the drum with the other driving mechanism. 
The whole unit is self-contained, being built on a rigid 
metal frame of steel angle sections ; the height is 6 ft. 
and a floor space approximately 5 ft. square is 
required. 

The drum is of heavily-galvanised sheet iron with a 
gunmetal base ring running on three ball-bearing 
rollers. The floor of the drum slopes towards the 
centre to four drain holes which lead into an annular 
channel trough below the drum, thence through a 
2-in. pipe to the side. The motor and gearbox unit is 
mounted on shock-absorbing resilient blocks. The 
}-h.p. motor runs at 1,400 r.p.m., and is coupled 
directly to the gearbox. The final output shaft from 
the gearbox is coupled to a friction drive to safeguard 
the driving mechanism. The sprays are supplied 
with water through four vertical pipes, the flow to 
each spray being controlled by a needle valve. The 
sprays operating on the front of the specimens consist 
of a 4-in. diameter brass tube with eight small holes 
at equal intervals along its 8-in. length, and are 
arranged to wet the panels uniformly as they pass in 
front of the sprays. Each back y consists of 
a small jet which thoroughly wets the backs of the 
— and cools them prior to passing before the arc 


e ultra-violet light is provided by four Kelvin 
standard highly-actinic arc lamps, which have a 
drop across the arcs of 100 to 110 volts, and take 
12 to 13 amperes when running after an initial starting 
surge of 30 am The arc lamps are arranged so 
that each of the three racks can be irradiated by a 
carbon-arc lamp, or alternatively the machine can be 
operated with two arcs ite the two u racks, 
or, in an extreme case, all four arcs opposite the top 
rack. Normally two racks are used, specimens on 
each being subjected to the light from two lamps. 


panels | Fig. 3 shows the arrangement of the machine when 





operating under normal conditions, except that one 








Fie. 4. Arc-Lamp, SHowrne DINNER aND OUTER SPRays. 


arc lamp has been removed to reveal the details. 
A control panel mounted on the wall is arranged so 
that each arc lamp has its own switch and fuses, 
ammeter, voltmeter and choke. A watt-hour meter is 
also provided, and the machine is fitted with a drum 
revolution counter. An earthing terminal is provided 
on the frame, because with four arc lamps and water 
sprays there is a possibility of a considerable build-up 
of static and induced current. 

The end point of the test is important, and should 
coincide with the: condition at which, in practice, 
repainting would be carried out. Thus the end point 
for a varnished surface is the development of severe 
“‘ checking ” and loss of gloss, while for a protective 
system the commencement of protection failure is the 
criterion. In all cases it is regarded as essential to 
expose a paint of known performance for the purpose 
of comparison, since the probable life of any paint in a 
given instance is influenced by the weather conditions, 
and it is misleading to give a direct estimate of the 
life of the paint, although its relative merits can be 
definitely established. Furthermore, it is necessary, 
in order to take into full account the inter-relationship 
of the various coatings in any particular painting 
system, to regard the complete system as the unit for 
testing. The new accelerated-weathering machine has 
a large capacity per unit of floor space; although 
occupying approximately the same floor space as the 
machine previously used, it has twice the capacity. 
The water sprays are designed to give uniform wetting, 
the volume of water used being sufficient to prevent 
any build-up of solids from the water, thus permitting 
the use of town water. 

Although the new machine has been in use for only 
a short period, it is apparent that the results are 
comparable with those obtained with the machine 
formerly used. It is felt that this type of machine 
should be seriously considered by all interested in 
accelerated-weathering tests, and it is hoped that it 
may eventually prove to be at least the forerunner of 
a really satisfactory machine which will be standardised 
for the purpose by all interested parties. 

In conclusion, it should be stated that the opinion 
is held that accelerated-exposure tests, conduc’ with 
care and interpreted with experience, give more 
reproducible results than normal outdoor exposure 
tests, as there can be little doubt that the most con- 
sistent factor in the weather is its inconsistency. 





THE LATE Mr. G. D. STONE.—We learn with regret 
of the sudden death of Mr. Guy Desant Stone, 
which occurred at his home near Montrose, Angus, on 
March 14. Mr. Stone, who spent all his working life in 
the service of the Mirrlees Watson Company, Limited, 
engineers and founders, Scotland-street, Glasgow, C.5, 
joined the firm in Glasgow in 1906. Two years later he 
was transferred to the London office, where he repre- 
sented the company for about 40 years. He retired 
last year and had returned’ to Scotlant only a few 
months ago. 
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SPECTROGRAPHIC DETERMINA- 
TION OF COPPER IN LEAD ALLOYS.* 
By Dr. L. C. Bawwisrsr, M.Sc., F.I.M., and 
R. H. Pricz. 


In the early days of quantitative spectrographic 
analysis, the standards to be employed were usually 
obtained by selecting certain samples which had been 
specially or carefully analysed by the conventional 
chemical methods in use at the time; they were 

nerally wet methods. In those days the chemist’s 

was usually more reliable than the figure obtained 
by the spectrograph. Recently, in a number of 
instances the spectrographic method has been the 
means of demonstrating errors, hitherto 
inherent in the wet chemical methods which had been 
employed. Various attempts have been made to coun- 
teract errors likely to arise as a result of error in a 
chemical method. 

The British Non-Ferrous Metals Research Associa- 
tion’s Panel No. 3 working on the analysis of lead 
recommended that standards should be by 
melting together in evacuated glass tubes ( x or 
Monax) accurately weighed quantities of the constituent 
metals and then checking rere, oa = | before 
their adoption. There were reasons for seeking an 
alternative method, namely, (a) temperatures in the 
region of 600 to 700 deg. C. have been found desirable 
for the making up of a ae copper, 
and longer times are necessary t. for most alloys in 
use; this increases the difficulties when using glass ; 
(b) much larger amounts of alloys are required than 
can conveniently be pre in glass tubes. An 
improved method has been developed and is put forward 
because it is considered to be more convenient for mak- 
ing up large amounts of standards and also because it is 
more accurate. A part of the technique employed 
was suggested as a result of observing some effects of 
flames impinging directly on molten 

It was observed that if solid dross were floating on 
molten lead it could be caused to shrink very consider- 
ably in volume and apparently almost disappear when 
an oxidising flame from a Bunsen burner fed with 
coal-gas was played directly on it. It was further 
observed that if the flame was made to continue to 
play on either molten lead or its alloys containing tin 
and antimony, or tin and copper, the result was that a 
certain area of the molten metal became entirely 
free from any visible surface film or skin, such as oxide, 
which always forms under ordinary conditions. The 
film-free area had a mirror-like appearance. The 
direct action of a flame on ores is utilised in smelting, 
but the impinging of a flame on molten metals during 
remelting, as for casting, is usually carefully avoided 
because it introduces porosity due to gas dissolving in 
the metal. This is 4 ey the case with copper, 
aluminium, and steel, but it does not seem to cause 
porosity in the case of lead. On the contrary, it has 
a beneficial result. 

During observations on the effect of varying the 
proportions of oxygen and of coal-gas in a flame 
impinging gn B.H.A.S. (Broken Hill Associated 
Smelters) lead it was found that a film forms both 
with excess oxygen and also with excess gas. When air 
was used in the proportion which produces the well- 
known two-cone non-luminous roaring Bunsen flame, 
however, the film disappeared, leaving a bright mirror 
of molten lead where the flame touched it. It was also 
found that by placing the Bunsen burner so that the 
tip of the flame’s inner cone occasionally licked the 
mirror surface, little | ow enw of brightly coloured films 
were formed which floated away from the flame and 
then apparently disappeared. By fixing the burner 
still nearer the molten metal it was possible to produce 
several orders of interference colours, and ultimately 
the centre of the coloured patches wrinkled, showing 
that there was a film of appreciable thickness at this 


position. 

The temperature which the metal reached also had 
an effect. At a certain stage during a steady rise in 
temperature the surface film was obviously solid, but 
it later altered markedly in appearance, resembling 
first the breaking up of ice-floes which soon apparently 
melted over a circle with its centre at the position of the 
flame. The difference in appearance between the solid 
film and the molten film floating on the top of the lead 
was quite appreciable. By fixing the Bunsen burner so 
that the flame played on only one half of the exposed 
surface, it was possible to have a solid oxide film on 
one side showing characteristic interference colours 
and & ish film—more sensitive to chance move- 
ments an —— a liquid film of oxide—on the 
boyd side of the pool of lead, with a mirror in between 

© two. 





* Contribution from the Prescot Laboratories of 
British Insulated Callender’s Cables, Limited, entitled 
“ Effect of Melting Conditions on the Spectrographic 
Determination of Copper in Lead Alloys,” presented to 
the Institute of Metals. Written discussion is invited by 
Abridged. ; 


the Institute. 





It was decided to attempt to utilise this film-free 
area for the alloying of copper and lead, and it was 
found that copper dissolved in lead more rapidly under 
these conditions than when the lead was heated in the 
normal manner. a technique was + er Mage to 
prepare a series ead—copper standards. doing 
this the lead and also the cop were accurately 

ighed. Furthermore, by weig! the final alloy, 

into account all relevant weights, and also deter- 
mining, in this case chemically, the composition of the 
small amount of dross which remained after casting 
the metal, it was possible to calculate, with little error, 
the copper content of the alloy. The restricted use of 
wet chemical methods was considered quite legitimate 
because only an abnormally large error in this would 
significantly affect the final result. 

Two sets of alloys were prepared, one set containing 
0-1 per cent. tin, the other containing 0-4 per cent. tin 
and 0-2 ry cent. antimony. Four standards were 
prepared for the tin series containing the following 
nominal amounts of copper ; 0-035, 0-045, 0-055, and 
0-065 per cent. Five standards were prepared for the 
tin + antimony series; the copper contents in this 
case were nominally 0-020, 0-035, 0-050, 0-065, and 
0-080 per cent. 

A definite amount of B.H.A.S. lead (weighed to 
0-01 gramme) was melted in an iron ladle. Heating 
was then continued by directing an air/coal-gas flame 
on to the molten surface until the temperature was 
700 deg. C. An ordinary Bunsen burner was used 
with the air-inlet oy set to give a two-cone non- 
luminous roaring flame. This in contact with the 
surface appeared to reduce most of the oxide which had 
formed during melting and produced a brilliant mirror- 
like surface. When this stage was reached, a known 
amount of pure tin (weighed to 0-0001 gramme) was 
added, the alloy was mixed and the heating with the 
flame continued. When the mirror-like surface had 
re-appeared, a known amount (weighed to 0-0001 
gramme) of 0-01-in. copper strip (cut into small pieces) 
was brushed from the watch glass on which it had been 
weighed on to the surface. The heating was continued 
until all the small pieces of copper had disa: ; 
this took about 20 minutes. The metal was then well 
mixed by stirring in with a nickel spatula, cast into flat 

phic test-pieces (10 x 3 cm. xX 3 mm.) 
and weighed. The dross remaining in the iron ladle 
and on the spatula was weighed, transferred directly 
to a glass beaker, and chemically analysed for copper, 
tin, and lead contents. 

The lead-tin—-antimony-—copper standards were pre- 
pared in exactly the same way as for the above-described 
series except that there was also the addition of a calcu- 
lated weight of 10 per cent. lead—antimony alloy before 
addition of the copper. Details of the preparation of 
one standard are given below. 


Weight of lead 999-65 gramme. 
Weight of tin 0-9995 o 
Weight of copper ... 0 +3500 
1000 -9995 oP) 
Weight of alloy 996-77 gramme. 
Weight of dross 4-2233 o» 
1000 -9933 oo 


Chemical Analysis of Dross. 


Lead ve seg 4-1420 gramme. 

. por ws ook te 0-0157 9 

Copper “ 0 -0025 Pm 
4-1602 o 


From the foregoing, 996-77 grammes of alloy contain 
(0-3500-0-0025) gramme of copper = 0-3475 
Therefore the copper content is 0-0349 cent. To 
ascertain whether any loss due to volatility occurred, 
1,000 grammes of lead was weighed, heated for 20 
minutes after becoming molten, allowed to cool and 
reweighed, but no loss in weight was recotded. 
Triplicate exposures of each standard were photo- 
graphed on the same plate, using a Hilger medium 
spectrograph (E3). The light source was a simple 
condensed — of voltage 15,000, capacity 0-0125 pF., 
and self-inductance 0-13 mH. A 3-mm. spark was 
focused within the optical system of the ph 
by means of the quartz lens F 1026. The duration of 
exposure was 15 seconds ; there was no pre-spark. The 
lines measured, using a Hilger non-recording micro- 
en were copper 3273-9 A and lead 2628-3 A. 
logarithms of the ratio of the galvanometer deflec- 
tions given by these lines were plotted against the 
logarit of the copper percentages. A linear rela- 
tionship was obtained for the four standards of the 
lead-tin-copper series, and for the five standards of the 
lead-tin-antimony-copper series. This result is a 
further indication that the method employed for the 
preparation of the standards was , and it 





has been adopted for the preparation of all lead-copper 
alley standards. 

ile the use of the flame directly on the metal was 
restricted to the lead alloys containing copper, the 
technique of adding accurately weighed quantities of 
components to accurately weighed amounts of lead 
was used for the a game of lead-tin alloys, lead- 


antimony alloys, lead-tin-antimony alloys. 
method again proved satisfactory, and the concentra- 
tion-calibration curves were drawn. The lines used 
were lead 2628-3A, tin 2706-5A, and antimony 
2598-1 A. 


Usually, test-pieces of lead alloys for yma re 
analysis have been prepared by heating the samp! ~4 
the i 


lowest temperature consistent with the making 
a good casting. Many samples containing copper have 
been analysed, and at times there have been apparently 
large variations in the copper content of the same 
sample. The following experiments were carried out 
iu order to find the best conditions for preparing test 
pieces of lead-alloy samples. At the same time experi- 
ments were performed to find out whether 
occurs in the casting as normally used for analysis. 
For the following experiments a 1-cwt. pig of lead-tin- 
antimony-copper alloy, which had been made from 
scrap lead, was obtained. The effects of melting con- 
ditions on the derived copper figure and the distribution 
of the copper figures were first studied. A piece of alloy 
1,000 grammes in weight was cut from the pig and 
melted in an iron ladle over a gae-ring flame. When 
the temperature had reached 350 deg. C. a ing was 
made for Pag ay we analysis, the iron wit tine 
at about 100 deg. C. (test-piece 1). The copper content 
varied from 0-033 to 0-035 per cent., except at the 
bottom of the casting, whére it reached 0-054 per cent. 
The alloy which remained in the ladle after the casting 
of test-piece 1 was heated to 600 deg. C.; a second 
casting was then made (test-piece 2). A ] increase 
in copper content was found, namely, to 0-061-0-069 
per cent. The metal which still remained in the ladle 
after the casting of test-piece 2 was allowed to cool to 
about 350 deg. C. and then reheated to 600 a 
above, 


;| this time using the flame technique, described 


to produce a mirror-like appearance. A further casting 
was then made (test-piece 3). The copper content 
increased again, to 0-076-0-085 per cent. 

The following experiments were made to find out 
whether casting the alloy into stick form, followed by 
rolling to the desired thickness, gave more repro- 
ducible results than the ordinary casting method. A 
piece of alloy was cut from the same pig as before and 
melted over a gas-ring flame, at 350 deg.C. Two sticks, 
each 18 x $ X }in., were cast, using an open multiple- 
stick mould in a horizontal position at about 100 deg. C. 
The remaining alloy was subjected to the flame tech- 
nique, and another two sticks were then cast. The 
alloy still remaining was cast into button form; when 
solid it was remelted over a gas-ring flame and cast at 
350 deg. C. into a further two sticks. One stick of each 
sample was next rolled to a long narrow strip of thick- 
ness 3 mm., giving test-pieces 4, 5, and 6; these were 
then cut so that 14 or 15 e of each could be 
made at positions distributed throughout their lengths. 
The effect of the special flame treatment was again 
marked, the copper content being 0-070-0-082 per cent. 
after the treatment, as com with 0-038-0-042 per 
cent. before the treatment. The effects of the various 
methods of preparation are summarised in Table I. 











TABLE I 
« | Ser 
Test- . Form nge, 
Conditions of 
Piece Test- Cc 
Number. Casting. Piece. Content, 
Per cent. 
1 350 deg. C. .. -.| As cast 0-033-0 -054 
2 600 deg. C. .. me “ 0-061-0-069 
3 600 deg. C. after | 0-076-0-085 
flame technique at | 
600 deg. C. | 
4 350 deg. C. .. ..| Stick, rolled | 0-038-0-042 
5 700 deg. C. after | . 0-078-0- 082 
flame technique at | 
about 700 deg. C. | | 
6 350 deg. C. after - 0-070-0 - 082 


flame technique at | 
about 700 deg. C. 
and solidifying 





From the results given above, it is deduced that lead 
alloys for spectrographic analysis must be heated to 
600-700 deg. C. in order to obtain a true copper 
figure. The best method of -heating known to the 
authors consists in directing a coal-gas/air flame from 
a Bunsen burner downwards on to the surface of the 
alloy. The heating should be continued until the alloy 
shows a mirror-like surface ; this occurs after the tem- 

ture has reached about 600-700 deg. C. The 
increase in copper content as a result of this flame 
treatment on the surface was accompanied by a small 
increase in the tin content. The antimony was scarcely 
affected by these different methods of heating. Test- 
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6-008 per cent. among 15 samples cut from a cast 
test-pi 

The only casting which showed any marked segrega- 
tion was was test-pioce 1, cast at 350 deg. C., the bottom of 
this rich in copper. is taken to be 
due to the alloy from the bottom of the 


phic 
wes ich an copper. ‘The. remelting and cating — 


pal alpina os me 


350 deg. 0. of sample which bad previously oon 
600-700 _— and allowed to solidify, ve much 


e ordinary 
s that the treatment 





NOTES ON NEW BOOKS. 
Turning and Boring Practice. By Frep H. Cotvin 


and Faavx A. Staxtry. McGraw-Hill Book Com- ple 


= = ted, 330, West 42nd-street, New 
com 18, U.S. Pak [Price 4-75 dols.] ; a McGraw-Hill 
Publishing pany, Limited, Aldwych House, 
Aldwych, London, W. C.2. [Price 28s. 6d 
Tue first edition of this work was reviewed in EnGtn- 
EERING, vol. 142, page 492 (1936), and even at that time 
a book devoted entirely to the practice of turning and 
was welcomed as the only means of dealing, 
conveniently and adequately, with the many applica- 
tions of isthe-wertk and boring-machine practice. What 
was true then applies with greater force to-day, and 
the appearance of the revised third edition presents a 
comprehensive modern manual of instruction which 
should benefit all who are interested in the actual 
operations of turning and boring, as well as plant 
engineers and production ba peer who require details 
and performance figures of the machinery employed in 
up-to-date machine-shops. The book is divided into 
five sections, each prcfusel 
drawings and reproductions of pho phs of machine- 
tools of American manufacture. e first section is 
devoted to lathe-work in general and covers the simple 
fundamental turning operations, leading to extremely 
complicated crankshaft and form-turning. The next 
two sections draw upon these principles in their applica- 
tion to turret and semi-automatic lathes, and to auto- 
matic screw-machines, the main constructional features 
and American practice of tooling and chucking being 
well described. Sintered-carbide tools have in- 
creased the popularity of the boring machine and 
50 pages outline the main characteristics of the various 
types ranging from the small table model to the 35-ft. 
boring mill. The consideration of tool design, speeds 
and feeds, however, is presented in the fifth section, 
which is a very detailed treatise on metal-cutting and 
| applicable to all sections in the book, the subject matter 
Y including a chapter on sintered-carbide tools and some 
instruction on negative-rake cutting. 


Photographing Machinery. By Bernarp ALFIERI. 
The Focal Press, 31, Fitzroy-square, London, W.1. 
[Price 7s. 6d. net.] 

THE engineer, accustomed as he is to precision of 
detail and accuracy, will search automatically for such 
features in any photograph of machinery or other 
engineering subject; yet his usually well-developed 
sense of balance and composition will overlook an 
inartistic presentation only if the subject matter is of 
such interest as to obscure all other aspects. Mr. 
Bernard Alfieri, an artistic photographer of no mean 
kill, judging by the numerous reproductions of his 
work in the book, nevertheless concentrates on the 
specialised technique and camera methods which must 
be employed in order to secure photographs portraying 
the requisite mechanical exactitude, —— portions and 
wealth of detail, without excluding interplay of 
light and shadow, and other attributes of the camera 
which make an attractive picture. The book is pri- 
marily intended for the accomplished photographer who 
is new to this particular branch of ‘Photography and 
requires the gui and business ex ce of an 
expert as a bisis for the development of his own par- 
ticular methods, and the conduct of his work on a com- 
mercial footing. Much of the information, however, 
will be of value to the engineer, enabling him to 
co-operate with the photographer by combining his 
precise knowledge of the machinery in question with 
the other’s pictorial ability, or to secure his own photo- 
gtaphs in a manner which will ensure effective repro- 
duption in a report or technical paper. 





illustrated with line. | 28 


220-KV IMPREGNATED PRESSURE 
CABLE. 

AN underground electric cable of the impregnated 

Sees S7ee ‘weieh Sep. Seen Gengnnd te snag: O90 

A continuously at a service voltage of 220 kY, has 
been manufactured by British Insulated Callender’s 
Cables, Limited, Norfolk House, Norfolk-street, Lon- 
don, W.C.2, and is bei installed in the grounds of the 
Clamart ne ae L’Electricité de France, in co- 
operation with the French cable firm of Trefileries et 
Laminoirs du Havre. As is well known, an overhead 
network operating at 220 kV is already in service in 
France ; and this cable is to be connected to it for long- 
pra Pe field testing as a preliminary to further employ- 
ment of other lengths. The test installation comprises 
@ 110-yard (100-m.) three-phase loop of single-core 
cables, the conductors of which ante f of 91 0-104 in. 
(2-64 mm.) tinned-copper wires stranded in circular 
form to give a cross-section of 0-775 sq. in. (500 
sq. mm.). The dielectric is of mass-impregnated paper 
with an outer screen of metallised paper, and its manu- 
facture at the Erith works of the company involved 
the simultaneous application of more than 200 layers 
of material. This operation was effected on a lapping 
machine, 173 ft. long, with 38 heads, each of which is 
suitable for the application of six cable papers. 

The metallised paper screen is protected by a copper 
woven fabric binder, which is applied over ” the com- 
ted dielectric. This binder also ensures that there 
18 positive contact with the single lead sheath, which is 
extruded with a small clearance to assist the charging of 
the cable with gas. The sheath is covered with reinforc- 
ing tapes to enable the lead to withstand the longi- 
tadinal and circumferential stresses which are set up 
when the cable is charged with nitrogen at a pressure 
of 200 Ib. per square inch (14 kg. per square centimetre). 
The cable is finally served with an anti-corrosion pro- 
tection consisting of alternate layers of rubber and 
bitumen-impregnated tapes. Its overall diameter is 
3-774 in. (9-6 cm.) and its weight per yard 51-3 Ib. 
(25-4 kg. per metre). 

An interesting feature of the design of the cable is 
the employment, for the first time on a 220-kV cable, 
of semi-conducting glaze on the sealing-end porcelain 
to equalise the end-to-end stress. Cast “ plumbs ” are 
used for hermetically sealing the main joint sleeve to 
the cable sheath and for anchoring the cable reinforc- 
tapes. A continuous ure-skin across the 
— is provided by an outer sleeve of copper for the 

ain pressure ho’ and an inner sleeve of lead, 
which is plumbed at each end to the cable sheath. 
This skin also enabled the joint to be tested under 
pressure before it was finally put into service. 

A 15-yard (14-m.) sample length of the cable des- 
cribed above complete with one joint and two sealing 
ends, was subjected in this country to a voltage of 
350 kV for a total period of over 24 hours. A series of 
impulse tests consisting of 20 impulses at a peak 
voltage of 1,080 kV is also to be applied, while finally 
the surge breakdown voltage of the installation will be 
ascertained by increasing the surge voltage until break- 
down or flashover occurs. 





INCORPORATED PLANT 
ENGINEERS. 


A CONFERENCE of the In ted Plant Engineers, 
to be held at 1 on May 10, 11 and 12, is being 
organised. A provisional e of the meeting 
has been drawn up, and this states that, at 2 p.m., on 
Tuesday, ae 10, the ee office at the Winter 
Gardens will be opened for registrations. At 3 p.m., 
a branch secretaries’ conference will be held, and, at 
7.30 for 8 p.m., there will be a reception and dance 
at the invitation of the Mayor of Blackpool. On the 
following day, Wednesday, May 11, at 9.30 a.m., the 
annual general meeting of the Institution will be held, 
and, at 11 a.m., Mr. C. H. 8. Howkins, O.B.E., will 
deliver his presidential address. Following this, at 
11.45 a.m., the Alexander Duckham paper will be 
delivered and the Medal presented. In the afternoon 
there will be visits to local works, or, alternatively, 
from 2.45 to 4.30, group discussions on mieper 
combustion and compression-ignition engines, lubri- 
cation, fuel economy, contractors’ plant, and branch 
Se dice Salar ee ates dhalieeh, aenloeae 
pana. wg sma onnning, 96 7 Ss 7-75, the President’s 

and dinner will be held. On Thursday, 
aay 12 eremennene. wen Saag 90: 020 0.20. Sains een. 
bers to visit various local works. Alternatively, 


10 a.m., & a discussion on ‘ ent and the Bia 
” will be held. At 11.45, a second discussi 
on branch ure, will be held. In the phn 


from 2.45 to 4 o’clock, the subject for discussion will be 
‘* Status and Future of the Institution,’’ and the con- 





ay lel na teal raya meeting at 5 p.m. 
Further parti ng aan art aaa ang » 
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EXHIBITION OF PRE-STRESSED 
CONCRETE. 


Tue exhibition of pre-stressed conorete which hag 
been held at the Institution of Civil Engineers sinog 
Wednesday of last week, was intended to draw the 
attention of engineers, builders and others to the 
valuable attributes of this form of construction, 
in particular its economy in the use of steel. A pre. 
stressed concrete beam contains about one-sixth of 
the steel required for, and weighs about one-third 
less than, a comparable reinforced-concrete beam, 
Furthermore, the pre-stressed form of construction 
can often be used where reinforced concrete would 
be impracticable. By means of models, sample sec. 
tions, photographs and drawings, various methods 
and applications of pre-s ing were shown. Pre. 
tensioning (tensioning the wires before casting the 
concrete) may be used in individual moulds or in 
“* long-line ” "eal for casting a series of similar 
ae There are several different types of 

for tensioning the wires, the principal require. 
ment being that the tension in all wires be the 
same. In the United States, a “ pre-loading ” system 
has been developed during the past 15 years for a4 
tures such as large tanks, domes and pressure p 
In the case of a circular tank, peripheral and tied 
pre-stressing is obtained by means 7 a wire-drawing die 
which stretches the wire around the tank. 

The Freyssinet and Magnel-Blaton post-tensioning 
systems were explained. Some drawings showed the 
on poo application of the Freyssinet system to a 

section, 342 ft. 8 in. by 120 ft., of the London 
Airport pre-stressed concrete taxying track. It has 
been designed by the Air Ministry for the Ministry of 
Civil Aviation, to withstand a single-wheel load of 
60 tons. It will consist of a large number of pre-cast 
slabs, each 2 ft. 11 in. square by 6 in. thick, laid on 
2 in. of sand on the subsoil. The specified minimum 
compressive strength of the concrete is 4,500 Ib. per 
square inch after 28 days. The track will be post- 
stressed laterally by means of cables placed in grooves 
between slabs, running transversely across the track. 
Each cable consists of a group of 30 hard-drawn steel 
wires, 0-2 in. in diameter, with an ultimate tensile 
strength of 90 tons to 100 tons per square inch. They 
will be stressed up to 70 tons per square inch. Bonding 
between the cables and the concrete will be prevented 
A wrapping the cables in bitumen-coated paper. 
in the longitudinal direction will be 
obtained indirectly from the transverse cables, by 
dividing the track into a series of large triangular 
areas with vertical-axis rollers between each pair, 
the triangles acting as wedges on each other, thereby 
inducing longitudinal as well as transverse stresses. 
The resultant longitudinal thrust will be counteracted 
by pre-stressed te abutments buried beneath the 
track at the ends. The estimated minimum pre-stress 
in the concrete, both longitudinally and transversely, 
is 550 lb. per square inch. 

B.S. 986-1945, “Concrete Railway Sleepers,” w: 
largely the result of investigations undertaken by the 
Building Research Station and the former L.M.S. 
Railway Company. Experimental work on pre- 
stressed concrete has been carried out also at the 
ministry of Works Field Test Unit at Barnet, whence 
much information can be obtained. The exhibition 
included photographs, etc., of these investigations, and 
of some notable pre-stressed concrete structures abroad. 
A 245-ft. span bridge, on the Freyssinet system, has 
been built in France. Sample beams, poles, joists, 
sleepers and short sections of members 
were shown. It is interesting to note that beams 
made on the pre-tensioned system can be cut into 
shorter lengths without affecting the pre-stressed 
characteristics. On completing a tour of the exhibition, 
the visitor was confronted with a symbolic representa- 
tion of the various pre-stressing systems, inckading an 
interesting~application, stated to have 
France, of pre-stressing a water-tank of netiabelie 
shape. By setting the wires in the concrete around the 
structure, not vertically, but obliquely, they gr ~ 
parabolic shape, although individually 
straight. The exhibition was by me Ministry 
of Works, in conjunction with the Institution of Civil 
Engineers, and the principal firms concerned. It was 
opened by the Rt. Hon. Charles W. Key, M.P., on Wed- 
nesday, March 16, and closes to-day, Friday, March 25. 








Str ROBERT HADFIELD COMMEMORATIVE PLAQUE.— 
On Saturday, March 12, a bronze plaque briefly recording 
the work of the late Sir Robert Hadfield, Bt., D.Sc., 
F.R.S., as a pioneer in the development of alloy steels, 
was unveiled at his birthplace, 43, Attercliffe Common, 
Sheffield. The plaque was unveiled by Professor J. H. 
Andrew, Dean of the Faculty of Metallurgy, in the 
University of Sheffield. The Sheffield Metallurgical 
Association, ,the Sheffield Society of Engineers and 
. | Metallurgiste, and the Iron and Steel Institute have 





jointly sponsored the mounting of the plaque. 
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BRITTLE FRACTURE IN 
SHIP PLATE. 


By Proressor G. VEpDELER, Dr.Techn., 
M.I.N.A. 


THE question of brittle fracture in mild steel is 
naturally of great interest to naval architects who 
are responsible for the building of large welded 
ships. In my capacity as a naval architect, I have 
read a considerable amount of literature on the 
subject. The followiag is an attempt to clarify the 
position to myself and my shipbuilding colleagues. 
I shall feel happy if my attempt induces metallur- 
gists to renew their investigations of matters which 
still remain obscure. 

Are welding may cause sensitivity to cracking 
when apparently perfect. An interesting explana- 
tion why this is so has been given by Hoyt, Sims and 
Banta, of the Battelle Memorial Institute, Columbus, 
Ohio.* I shall confine myself, however, to the brittle 
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Fig. 1. Pg 
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bottom plates, plus sheer and bilge strakes within, 
say, the ’midship 25 per cent. of the ship’s length. 
If some of the material here does not stand the test, 
which means that it shows brittle fracture in a ten- 
sile test with a notched specimen at the agreed tem- 
perature, it might still be used farther forward or 
aft. A very important thing, in addition, is to watch 
all details of design and manufacture so as to avoid 
sharp hatch corners, abrupt changes in thickness 
or rigidity of material, welding flaws, or other dis- 
continuities which may have the effect of a notch. 
Now to the question which has given rise to this 
article. How can mild steel crack in a brittle way 
at a certain transition temperature nct exceedingly 
low? A material is brittle if the yield point is not 
reached before fracture, which means that there will 
be very little elongation and a correspondingly small 
lateral contraction at fracture. Mild steel will 
break in a brittle way with an unnotched cylindrical 
specimen in tension when the temperature is lowered 
to the neighbourhood of that of liquid air. The 
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fracture due to triaxial stresses which may be 
caused by some discontinuity such as a notch, a flaw 
in a weld, etc. All mild steels will fracture in a 
brittle way at a certain transition temperature. So 
long as this temperature is sufficiently low, we feel 
safe ; but when the transition temperature to notch 
brittleness comes within the working range of ships’ 
temperatures, our worries begin. 

The question must be solved by the metallurgists. 
When some of the classification societies prescribe 
a certain maximum content of carbon with three 
times as much manganese, this may exclude some 
of the most brittle steels, but it is by no means the 
final solution. This departure from the line of 
mechanical tests into the realm of chemical contents 
does not seem to be adequate. Ships being mechani- 
cal structures, a suitable mechanical test must be 
the aim; say, a notched tensile-test piece tested at 
an agreed fairly low temperature (such as, — 10 
deg. C. or 14 deg. F.). The influence of grain size 
should, however, be investigated. 

The American crack statistics show that nearly 
all cracks start in those parts of a ship where the 
direct bending stresses usually have their maximum 
value. It should be sufficient, therefore, to ask for 
the mechanical test mentioned only for deck and 

* “ Metallurgical Factors of Underbead Cracking,” by 
8. L. Hoyt, C. E. Sims and H. M. Banta. A.J.M.M.E. 
Tech. Publ. 1847, Metals Technology, June, 1945. 
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yield point will reach the breaking strength at this 
temperature. But why do we get brittle fracture 
at a much higher temperature with a notched 
specimen ? 

According to Maxwell’s theory of shear energy, 
the yield point Y can be expressed in terms of the 
principal stresses o,, 02, ¢,; by means of the formula 


aa of - ((e z “1 + (* ? *) r C3") 
i an/ 1 3) + -2 “a ce 


Very soon after yield, when the material has 
become plastic, two of the principal stresses will be 
equal. This will also be the case with any cylindrical 
specimen, notched or unnotched. Maxwell’s theory 
then agrees with Coulomb’s hypothesis that the 
yield point is twice the shear stress, i.e., 

Y =o, — G3. . : - (2) 

The ultimate strength U, according to the theory 
of Mariotte and Poncelet, is proportional to the 
maximum elongation in a three-dimensional stress 
condition, i.e., 

U =a, — plo, +03) = 0 [: -n(2 +2) |. 
1 — BW, 3 1 . 


For steel (in the elastic 











where p is Poisson’s ratio. 





289 
condition) it is 0-3; and for plastic materials, it is 
generally 0-5. From an ordinary stress-strain 
diagram it will be found generally that the ultimate 


strength is larger than the yield point. This 
empirical fact can be written 
U=ny. . - (4) 


where n for mild steel usually lies between 1-5 and 2. 
According to the rules of the American Bureau of 
Shipping, it must not be larger than 2. 

Now, even with n larger than 1, fracture can occur 
simultaneously with triaxial stresses as the yield 
point is reached, i.e., the fracture must be brittle 
because there is no time for the flow to develop, if 
equation (4) can be satisfied simultaneously by 
equations (1) and (3). Yield and fracture will then 
occur with the same principal stresses. Substituting 
(1) and (3) in (4) gives the equation of an ellipse with 
one of its principal axes at an angle of 45 deg. to an 


orthogonal set of axes with = and “? as co-ordin- 
o 


1 1 
ates. Fig. 1, herewith, is such a diagram with three 
ellipses drawn, one for each of the values of n 1, 
1-5 and 2, there being a separate ellipse for each 
value ; o, being assumed to be the largest principal 
stress, only the parts of the ellipses inside the square 
(1, 1) are practicable. 


With a definite n = the fracture must be 


brittle if the ratios between the principal stresses 
have values inside the corresponding ellipse. With 
values of n between 1-5 and 2, there must, therefore, 
be in addition to the main stress o,, large tensile 
stresses o, and o, at right angles to the first one to 
make the fracture brittle. It is also clear that, with 
a uni-axial or nearly uni-axial tensile test of the 
usual type (with an unnotched specimen), the 
fracture will be of the shear (cup and cone) type. 

As an example, take a steel with a breaking 
strength of 28 tons per square inch. If the yield 
strength is 14 tons per square inch, i.e., n = 2, yield 
and fracture will occur simultaneously and the frac- 
ture will therefore be brittle when, say, o, = 49 tons 
per square inch and o, = o, = 35 tons per square 
inch. If the yield strength is 18-67 tons per square 
inch, i.e., n = 1-5, a similar brittle fracture will 
occur when, say, o, = 42 tons per square inch and 
o, = o, = 23-3 tons per square inch. It will be 
noticed that brittle fracture can occur only when all 
the principal stresses are large and the largest of 
them is much higher than the breaking strength. A 
considerable stress concentration due to a notch is 
therefore necessary. 

It seems reasonable to assume that a certain size 
of test-piece with a certain shape of notch will be 
represented by a curve in the diagram, Fig. 1. On 
the basis of the theory of elasticity, it is possible to 
calculate the stress concentration caused by a cer- 
tain notch and also the ratios between the three 
principal stresses through the minimum section of 
a test piece.* To arrive at a suitable mean of these 
ratios it seems ible to use the “ triaxial ratio” 
as defined by L. R. Jackson at the Battelle Memorial 
Institute, Columbus, Ohio,t namely, 


_ (0, + of + G3) 
3 0; a, 


When calculated on the basis of Neuber’s book, this 
ratio varies between 0-6 and 1-0 at the surface of 
the notch for a large variety of notches; but, at a 
small distance below the surface and right through 
the section of the test-piece, it keeps a practically 
constant value of about 0-85 for the same variety of 
notches. Now at the surface in the bottom of a 
notch there is always some flow of metal, even with 
brittle fracture; and the fracture starts a little 
below the surface, as shown by Mrs. Tipper at Cam- 
bridge University.t Also, a fairly large variety of 
test-pieces with different notches seem to give 


Tr (5) 





* See, for example, H. Neuber, Kerbspannungslehre, 
Berlin, 1937. 

+t L. R. Jackson, “ Some Speculations Regarding the 
Plastic Flow and Rupture of Metals under Complex 
Stresses,” 4.1.M.M.E. Techn. Publ., 1782. Symposium 
on Cohesive Strength (Metals Technology, December, 
1944). 

t C. F. Elam Tipper: ‘“‘ The Fracture of Mild Steel.” 
Admiralty Ship Welding Committee, Report R.3 (London, 
1948). 
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consistent results.* + $§ All this evidence leads 
to the conclusion that the stress concentration at 
the surface is not the deciding factor, but that the 
mean triaxial ratio for the section from a small 
distance below the surface is of greater import- 
ance. 

Now T, = 0-85 is represented by a straight line 
in the diagram, Fig. 1. This line cuts the ellipse 
of n = 2 at the lower left end, thereby giving a 
certain explanation why it is possible to get a brittle 
fracture with specimens which have such a triaxial 
ratio. 

The value T, = 0-85 used here is not decisive for 
the argument. If it is lower, the line is shifted 
lower and to the left, perhaps so much that n must 
be less than 2 for brittle fracture to occur. A natural 
explanation of the facts seems to be that the triaxial 
line of the proposed notched specimens, indicated 
in the references given above, lies lower than the 
ellipse corresponding to the n of mild steel at, say, 
room temperature. At the transition temperature, 
however, n must have been lowered sufficiently for 
the triaxial line to cut the corresponding ellipse. 

Sachs and Lubahn|| also have found that a wide 
range of notch dimensions exists for which the mag- 
nitude of the average triaxiality is approximately 


constant. They define triaxiality as - = , and 


deduce the constant value to be about 0-32. “This, 
with sufficient accuracy, corresponds to T, = 0-55, 
which in Fig. 1 would be represented by a straight 
line parallel to T,=0-85, but much lower. 
T, = 0-55 will be tangent to the lower left end of 
the ellipse which corresponds to n = 1-19. 

The experts, therefore, differ very much in opinion 
as to which average triaxiality corresponds to the 
most common notched test-pieces. This question 
should be made clear by experiments before any 
numerical computation in connection with the 
brittle fracture predicted by Fig. 1 can be made. 
The lower value, T, = 0-55, seems to be the most 
reasonable one, because it has been based on 
experiments, while the higher value, T, = 0-85, 
is due to calculations based on the theory of elas- 
ticity, which always gives too high values in the 
bottom of a notch where the material flows. 

Fig. 2, herewith, is a reproduction of some old 





* C. F. Elam Tipper, loc. cit. 

t Noah A. Kahn and Emil A. Imbembo, “ A Method 
of Evaluating Transition from Shear to Cleavage Failure 
in Ship Plate and its Correlation with Large-scale Plate 
Tests,” American Welding Society, Chicago, October, 
1947; Welding Journal, February, 1948. 

{t E. P. Klier, F. C. Wagner and M. Gensamer, “‘ The 
Correlation of Laboratory Tests with Full-scale Ship 
Plate Fracture Tests,” American Welding Society, 
Chicago, October, 1947 ; Welding Journal, March, 1948. 

§ R. D. Stout and J. L. McGeady, “‘ The Meaning and 
Measurement of Transition Temperature,” Welding 
Research Supplement, Welding Journal, June, 1948. 

|| George Sachs and J. D. Lubahn: “ The Effect of 
Triaxiality on the Technical Cohesive Strength of Steels,” 
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German test results* and shows the variation of 
yield point and ultimate strength with temperature, 
for a certain mild steel. It is clear that the two 
curves approach each other at very low tempera- 
tures, which means that n will be reduced by lower- 
ing the temperature; but this is not necessarily 
the case at the temperatures which are of interest 
here, namely, a few degrees above and below zero 
Centigrade. In accordance with the measurements 
published by Mrs. Tipper,t the two curves are 
practically parallel at temperatures near the freezing 
point of water. Contrary to the above theoretical 
expectations, some plates with a large n have an 
even higher transition temperature than other 
plates with a lowern. The same was the case with 
some of the steels used for the tensile tests carried 
out with notched plates, 6 ft. wide, at the University 
of California.t Steel with n = 1-8 had a transition 
temperature of about 90 deg. F.; steels with n = 
1-6 to 1-7, transition temperatures between 20 deg. 
F. and 35 deg. F. ; and steel with n = 1-4, a transi- 
tion temperature of about — 43 deg. F. 

The variation of yield point with temperature is 
rather regular and can be expressed by means of 
the formula 


Qa, 
v= (ceBty, . - (6) 


where ¢ is the strain rate, T the absolute (Kelvin) 
temperature, R the gas constant (= 2 cal. per gram 
mol per deg. C.), and Q a heat of activation, which 
varies from material to material and may depend 
upon the strain, but not upon the strain rate or 
the temperature.§ Q is of the order of 10,000- 
13,000 cal. per gram mol for mild steel ; and r is 
a small number, of the order of 0-01 (say, 0-008). 
A lowering of temperature by 50 deg. C. is equi- 
valent to an increase of strain rate of at least a 
thousand-fold. The ultimate strength does not 
vary so uniformly with the temperature that it 
has been possible to develop a formula for this 
function. As seen from Fig. 2, it has a wavy charac- 
ter except for very low temperatures. 

It must be remembered, however, that the 
phenomenon of transition from shear to cleavage 
fracture of interest here is found only with notched 
specimens. The notch causes a high concentration 
of stress. The stress-concentration factor 5 plays 
a similar role to the strain rate and, according to 
Hollomon’s formula, varies with the temperature 





* Goerens and Mailinder, “‘ Kalt- und Warmspridig- 
keit von Stahl beim Zugversuch,” Forschungsarb. auf 
d. Geb. d. Ingenieurw., 295 (1927). 

t loc. cit. 

t Boodberg, Davis, Parker and Troxell, ‘‘ Causes of 
Cleavage Fracture in Ship Plate—Tests of Wide Notched 
Plate,” American Welding Society, Chicago, October, 
1947; Welding Journal, January, 1948. 

§ J. H. Hollomon and C. Zener, “Conditions of Frac- 
ture of Steel,” 4.1.M.M.E. Techn. Publ., 1782. Sym- 





Trans.A.S.M.E., vol. 67, December, 1945, A-241-252. 





posium on Cohesive Strength (Metals Technology, 
December, 1944). 
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according to the equation 
Q 
=-— +k. “4 
loge 6 RT + (7) 


The stress concentration therefore increases when 
the temperature is lowered. 

Stress concentration being equivalent to increase 
in strain rate, it is of importance to know how the 
yield point and the ultimate strength varies with 
the strain rate. Fig. 3, herewith, is a reproduction 
of a classical investigation made by Professor Eugen 
Meyer in Berlin.* It shows how the ordinary stress- 
strain curve for tensile tests with mild steel alters 
when the load is changed from static to dynamic. 
Yield point is raised as well as ultimate strength, 
but the yield much more than the breaking strength, 
i.e., the ratio n is lowered considerably. A stress 
concentration must, therefore, have an effect similar 
to moving to a much lower temperature than the 
actual one in a diagram like Fig. 2. This may be 
sufficient to give the reduction of n necessary to 
cause brittle fracture according to a diagram of 
the nature of Fig. 1. 

The yield point and the breaking strength should 
not be measured on an unnotched specimen. The 
values of interest in this connection will probably 
be local values at the notch. This may explain 
why the measurements published by Mrs. Tipper in 
the Admiralty Welding Report, and by Boodberg 
and his co-workers (Welding Journal, January, 1948), 
do not support the explanation given by means of 
Fig.1. The wavy character of the ultimate strength 
curve may disappear when shifted to lower tem- 
peratures or, what is equivalent, when measurements 
are made locally at the notch. 

The equations (1) and (3), used to obtain the 
ellipses of Fig. 1, cannot be claimed to be accurate 
for the whole range of stresses. If two of the 
principal stresses are equal (c, = ;), the two 
equations represent straight lines in a diagram 
with o, and o, as co-ordinates. Actually, the 
Y and U curves in such a diagram will probably 
be slightly curved, of a similar shape to the curves 
given by McAdamf at the National Bureau of 
Standards, Washington, D.C.; but McAdam as- 
sumes that the two curves will intersect only when 
all three principal stresses are equal, which cannot 
be the case. Fig. 1, even if not numerically exact, 
shows the distinctive and, in this connection, 
important feature that brittle fracture can occur 
also when o, and a; are less than o,. 

If it be ible to draw a numerically correct 
diagram of the character of Fig. 1, based on actual 
measurements, the terms used, such as “ brittle 
fracture,” may need rigorous definition. In this 
article by a non-metallurgist, this has not been 
found necessary. 





* Eugen Meyer, “ Der Verlauf des Zugversuches bei 
raschem Zerreissen,”” Forschungsarb. auf. d. Geb. d. In- 
genieurw., 295 (1927). 

t D. J. McAdam, Jr., “‘The Technical Cohesive 
Strength of Metals in Terms of the Principal Stresses,”’ 
A.I.M.M.E. Techn. Publ., 1782. Symposium on Cohesive 





Strength (Metals Technology, December, 1944). 
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Spectroscopy and Combustion Theory. By Dr. A. G. 
GAYDON. Second edition, revised. Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. [Price 
25s. net.) 

In the first edition of this monograph, published in 

1942, Dr. Gaydon assembled and discussed the 

contributions of spectroscopy to the elucidation of 

combustion processes. Much of the original text 
has been rewritten for this second edition, which 
has been brought up to date by the inclusion of 
work carried out during the past five years, and 
contains some 50 pages more than the first edition. 

Spectral analysis of the light emitted during 
combustion enables the wavelengths of its charac- 
teristic radiations to be measured. Such are the 
complexities of flame spectra, however, that only 
since the development of the quantum theory has 
any satisfactory interpretation of them become 
possible. Researches from 1920 onward have 
enabled the various characteristic band systems 
exhibited by most flames to be assigned to definite 
emitters, many of them being radicals, the parti- 
cipation of which in combustion processes was 
unsuspected prior to the modern theory of molecular 
spectra. The opening chapter provides a brief 
descriptive and non-mathematical introduction to 
spectra in general, and molecular spectra in particu- 
lar, suitable for the beginner. It is followed by 
practical information concerning suitable sources 
for producing and suitable instruments for analysing 
particular types of spectra. Lack of light is often a 
difficulty, to overcome which Dr. Gaydon recom- 
mends the use of a prism spectrograph with a fairly 
large aperture in conjunction with fast photographic 
plates. 

The next four chapters deal, in turn, with the 
hydrogen flame, hydrocarbon flames, cool flames 
and atomic flames, and the carbon-monoxide flame. 
Typical examples of the respective banded spectra 
are reproduced. Accompanying them are details 
of the structure of the spectra corresponding to 
varying conditions of excitation and of the theories 
advanced in attempts to ascertain the mechanisms 
governing the combustion processes. The four 
pages on explosion spectra hardly do justice to 
their significance in connection with the internal- 
combustion engine, though after-burning and latent 
energy are more fully considered in chapter XIII, 
while further details on “knock” are to be found 
in the chapter on absorption spectra. The section 
on emission spectra concludes with a review of 
those produced by inorganic flames, which are 
important because traces of inorganic substances 
may Occur as impurities in organic flames. Whereas 
line and band spectra are attributed to transitions 
between quantised energy states of atoms and mole- 
cules, respectively, continuous spectra in gases are 
associated with transitions in which at least one of 
the states concerned is unquantised. Continua 
thus correspond to processes such as dissociation, 
ionisation or association. As is pointed out, the 
absence of structure renders the identification of 
continuous spectra difficult, so that the processes 
responsible for continua can only be inferred from 
external evidence. The chapter on the infra-red 
region is important since the greater part of the 
energy radiated by flames lies in this region. 

Methods of determining the radiative and collision 
lives of activated molecules are described and a 
clear account given of techniques for ascertaining 
flame temperatures. It should be noted that the 
gas constant, denoted by R on page 145, is, in fact, 


the molecular gas constant k { = x) and that the 


value given should be followed by erg. deg.-. In 
the last chapter, Dr. Gaydon gives his personal 
views on the lines along which the application of 
spectroscopy to the theory of combustion might 
profitably be developed. He lays stress on the 
need for quantitative observations and on likely 
means of obtaining further insight into the kinetics 
of the combustion process. Most of the six appen- 
dices contain numerical data relative to band 
Systems occurring in flames and on absorption 
spectra of interest in combustion work, while a list 
of 300 references affords evidence of the present 














A major contribution to the understanding of 


“| combustion is only likely to result from funda- 


mental research having as its aim a detailed analysis 
of the processes involved. Dr. Gaydon’s own 
investigations and those of others reported by him 
in this monograph confirm the impression that 
spectroscopy is destined to play a large part in any 
future advance. 





Railway and Other Steamers. By C. L. D. DuckwortTs, 
B.Sc., M.1.C.E., and G. E. Lanemuir, M.A., LL.B. 
Shipping Histories, Limited, 62, Vincent-street, Glas- 
gow, 0.2. [Price 30s.] 

As the authors of this book rightly observe, the 
construction of channel steamers is a branch of 
naval architecture and marine engineering in which 
British shipyards and marine-engine works have 
long excelled ; and aa it happens that the British 
railways collectively have owned by far the greatest 
number of vessels of this type, the contents of this 
review of their development consists mainly of 
railway-owned steamers. The ‘‘ other ’’ in the title, 
it is explained, was inserted to justify the inclusion 
of various fleets maintaining services which “are 
very closely associated with our railways.” In 
principle, this is a sound decision, though it has been 
implemented in a somewhat arbitrary manner; 
thus no specific mention is made of the fleets of the 
Isle of Man Steam Packet Company, the City of 
Cork Steam Packet Company, or the City of Dublin 
Steam Packet Company, although reference is made 
to particular ships belonging to these companies 
when they happen to have been employed on railway 
steamer services at some period. It would seem 
pteferable to have included these fleets, even at the 
cost of omitting various tugs, dredgers and other 
miscellaneous craft of no outstanding historical or 
other interest, which are included merely because 
railways or associated companies owned them. 

The amount of information that the authors 
have gathered is remarkable, but the scope is so 
wide that the selection of a suitable method of 
arrangement and presentation has evidently proved 
difficult. It would be possible, in fact, to suggest 
a number of changes, though different classes of 
readers might easily disagree about their relative 
desirability. The abbreviations adopted (which 
might have been repeated, with advantage, at the 
beginning of the tabular section, or on the back 
end-paper) should have been arranged in alpha- 
betical order; and it is not easy to understand 
why the authors should have invented some of 
their own, while accepting others which are the long- 
established usage of Lloyd’s Register Book. It 
would have been simpler and rally more satis- 
factory to have adopted the practice of the Register 
Book throughout; we feel confident that the 
Committee of Lloyd’s Register would have raised no 
objection had they been a hed, and reference 
from one book to the other would have been facili- 
tated. Incidentally, the symbol R, in the “‘ N.H.P.” 
column of the tables, does not appear in the list of 
abbreviations and we have not found any definition 
of it elsewhere. 

In their preface, the authors state that the 
preparation of the book was begun in 1938, but the 
variety of historical items included suggests that 
the accumulation of data must have occupied them 
even longer. No doubt, it is still continuing, for 
the field is wide and the public interested in the 
subject is so large that fresh details are sure to 
reach them in considerable quantity. All of these 
will need sifting and checking before they can be 
used, for it is the common experience of historians 
that personal memories are seldom to be relied upon 
and positive evidence is often hard to obtain. 
We hope, however, that they will continue their 
work, correcting and expanding and checking where 
necessary ; from its nature, it cannot be completed, 
but they have laid a serviceable foundation. 





CoaL CONSUMPTION AND PUBLIC LIGHTING.—In reply 
to a question by Sir Waldron Smithers in the House of 
Commons on Thursday, March 24, the Minister of Fuel 
and Power (the Rt. Hon H. T. N. Gaitskell) said that the 
recent relaxation of restrictions on lighting would mean 
that an increased coal consumption of about 500,000 
tons per annum, mainly of inferior quality, would be 





extent of this branch of spectroscopic research. 


required for electricity and about 150,000 tons for gas. 


THE FLOW OF GASES 
THROUGH POROUS METAL 
COMPACTS. 

By P. Groorrnuuis, A.C.G.L, B.Sc. 


THE flow characteristics of gases through porous 
compacts made by the methods of powder metal- 
lurgy are required for a number of specific applica- 
tions, one of these being ‘‘ sweat cooling.” This is 
a@ method of cooling any component which is 
exposed to a heat source by passing a small quantity 
of gas through it and allowing this gas to form a 
protective boundary layer on the surface ; for this, 
the component has to be porous. Another applica- 
tion is the stabilisation of the boundary layer of an 
aerofoil by suction through a porous section of 
the aerofoil. The relationship of pressure drop to 
flow is also required where porous compacts are used 
as filters. This article gives the results of some 
experiments on the flow of air through a range of 
porous compacts. It is important that results 
obtained with a limited range of specimens should 
be presented in such a manner that the flow charac- 
teristics of porous compacts of a different size or 
material can be estimated. It has been found 
possible to compare the results with the existing 
correlation formuls for the flow of gases through 
beds of granular materials. 

The flow characteristics can be determined by 
measuring the pressure drop across the specimen at 
different mass flows. The apparatus used is shown 
in Fig. 1, on page 292. The air was obtained from a 
compressed-air bottle, fitted with an electric heater 
and reducing valve, and was passed through a 
cotton-wool filter before reaching the specimens, 
which were in the form of discs. The mass flow was 
measured by a sharp-edged orifice, placed on the 
downstream side of the disc and previously cali- 
brated against a gas meter. The apparatus ex- 
hausted to atmosphere. The pressure drop across 
the disc and the absolute pressure upstream of the 
disc were measured by manometers. The upstream 
temperature was measured by a mercury-in-glass 
thermometer. 

The porous compacts were made by powder- 
metallurgy methods from a copper-tin alloy and 
were supplied in various grades of different particle 
size. The powder of which the discs are made is 
practically spherical. Discs of varying thickness 
were also tested. The specimens and powders were 
supplied for the purpose of the experiments by 
Messrs. Sintered Products, Limited, of Sutton-in- 
Ashfield, Nottinghamshire. The range of specimens 
tested is given in Table I, on page 292. 

The curves of pressure drop plotted against flow, 
as found experimentally, are given in Figs. 2 and 3, 
page 292, the numbers referring to Table I. The 
mass flow of air is given in lb. per sq. ft. per sec. 
No points are shown on the figures, as all the experi- 
mental points lie on the curves and are reproducible 
for each particular specimen, independently of the 
direction of flow through the disc. It will be 
noticed that the curves for the finer grades are 
straight lines. This does not necessarily indicate 
that the resistance to flow is a purely viscous effect. 
In flow through the tortuous passages between the 
particles, the inertia of the fluid will contribute to 
the resistance well before the flow becomes what is 
generally known as fully-developed turbulent flow. 

The pressure drop for a certain mass flow is pro- 
portional to the thickness for discs of the same 
grade if the porosity is about the same. On the 
other hand, comparison of specimens 5 and 6, which 
are of the same grade and of equal thickness but 
have different porosities, shows that the pressure 
drop is not directly proportional to a change in 
porosity. 

A basic correlation of these experimental data 
seems desirable. As a first attempt, these results 
will be correlated with the considerable amount of 
published data on the resistance to flow through beds 
of granular materials. It should be realised, how- 
ever, that such beds are in a natural state of packing, 
whereas the specimens under consideration were 
pressed and sintered, resulting in a certain distortion 
of the initially spherical particles. The particles of 
the beds are much larger than the powder used in 
the manufacture of the discs. 
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To obtain a correlation, the particle size of the 
powder must be determined. Samples of the 
powders used for the various grades were obtained. 
Examination showed that each sample consisted 
of particles varying in size within a definite range ; 
therefore, a large number of particles had to be 
measured individually with an eye-piece micro- 
meter. Each sample was subdivided by continued 
systematic division until a sufficiently small amount 
remained for placing on the microscope slide. The 
diameter of a number of particles was measured, 
making sure that a truly random selection was 
obtained. A histogram of the number of particles 
of different sizes was plotted and the measurements 
continued until the shape of the histogram did not 
alter appreciably with successive groups of measure- 
ments. Three samples were analysed of each grade. 
The average particle size d can be defined as the 
diameter of a sphere, a large number of which would 
have the same surface area per unit volume as an 
equal number of random particles. Thus, if x, is 
the dimension of the nth particle of the sample, 
d= Fea The value of d can be taken as the 
average particle size if the particle-size distribution 
is a statistically normal one. The values for each 
grade are also given in Table I. 


TABLE I.—Details of Specimens Tested. 





























Speel- Number| Thiek- | cleSize, | sity, | 
men | Grade.) 7 Umber a | aoe F(f). 
Tested. | n A d, , per 
Number. | 4 In. fe 
| | 
1 A | 1 0-216 | 0-0022 22-0 4-6 
2 A 1 0-128 | 0-0022 25-4 3-36 
3 B 4 0-06 0-003 31-6 2-0 
- B 2 0-129 | 0-003 37-5 1-26 
5 B 1 0-215 | 0-003 19-3 5-85 
6 B 2 | 0-246 | 0-003 35-2 1-48 
7 B 1 | 0-36 0-003 33-2 1-7 
8 Cc 1 | 0-235 | 0-0044 35-4 1-46 
9 D 1 | 0-23 0-0126 31-4 2-04 
10 E 1 | 0-22 | 0-019 25-0 3-5 
' | 





An extensive correlation for the flow through beds 
of granular materials has been made by Dr. H. E. 
Rose.* The formula for the isothermal flow of 
gases, introducing some simplifications, is : 

. (p? — pod 
2CT mhF (f/ 
where 
y% = the resistance coefficient ; 

Pp, = the upstream pressure ; 

PD, = the downstream pressure ; 

g = the gravitational constant ; 

d = the average particle size ; 

C = the gas constant = 96 ft. per deg. K. for air; 

T = the absolute temperature ; 

m = the mass rate of flow per unit area ; 

h = the thickness of the disc ; and 
F(/) = a function of the porosity /. 

The porosity is defined as 
Sp. gr. of powder — Sp. gr. of specimen 
Sp. gr. of powder 
The specific gravity of the powder was found to be 
8-7. The results show (see Fig. 2) that the resist- 
ance to flow is dependent on the porosity, but is not 
directly proportional to it ; consequently, a porosity 
function has to be introduced. This function has 
to be determined experimentally. The function as 
found by Rose can be represented by the formula : 
. dus “5 
ry = 24 ; Ltd 

The values of f and F(f) for the specimens are 
also tabulated in Table I. 

It will be noticed that the resistance coefficient ¥ 
is non-dimensional. Another general characteristic 


of the flow is the Reynolds number, Re =", 


where yp is the viscosity. Rose gives a general 
correlation curve of log % plotted to a base of log Re 
for the flow through beds of granular materials. 
The present results have been plotted to the same 
co-ordinates, as shown in Fig. 4, herewith. 

The correlation is reasonably good, remembering 
that the specimens are made of powders varying in 
particle size and that some distortion is inevitable 
during manufacture. The average particle size can 
only be used in the correlation if the size-distribution 
curve is statistically normal, which was not the 
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case for specimens 8 and 10. This may be the 
reason for the discrepancy with the general correla- 
tion curve. 

The porosity function will have to be improved 
upon to obtain a better correlation. This will 
require further experiments on different materi-1s 
of varying porosities. The present exp riments 
have shown that the general correlation for flow 
through beds of granular materials can be used 
successfully to give a first estim: tion of the flow 





* Proc.I.Mech.E., vol. 135, page 141 (1945). 





characteristics of gases through porous compacts. 
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GOVERNMENT DEPARTMENT ELECTRICAL SPECIFICA- 
TIONS.—The Ministry of Supply Inspectorate of Electrical 
and Mechanical Equipment, “‘ Walsingham,” Manor Park, 
Chislehurst, Kent, state that the Committee on the 
Standardisation of Electrical Cables and Wires for 
Government Services have issued a revised version of 
Government Department Electrical Specification No. 5, 
for telephone cables. The main change concerns the 
introduction of P.V.C. (polyvinyl chloride) as a sheathing 
material and Polythene as a dielectric. Copies may be 
obtained, price 6d. net, from H.M. Stationery Office 
York House, Kingsway, London, W.C.2. 
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THE GAS TURBINE IN 
GERMANY. 


Dupine the uneasy years between the wars, it 
was generally, if somewhat vaguely, known by 
engineers in this country that experiments on 
industrial types of internal-combustion turbines 
were being carried out in various parts of Europe. 
It was safe to assume that German technologists, 
whose reputation as regards fuel chemistry, metal- 
lurgy and aerodynamics was deservedly high, were 
actively interested in a development of such great 
potential importance, strategically as well as indus- 
trially. It is a matter of historical fact, indeed, 
that Holzwarth was working on the gas turbine as 
far back as 1905, and by 1908 had actually built an 
experimental constant-volume machine; and a 
2,000-kW set to his design was Operating on blast- 
furnace’gas in 1934 at the August Thyssen steelworks 
at Hambourn—where, incidentally, a further 
Holzwarth turbine of 5,000-kW capacity was 
installed during the war. Another German, von 
Ohain, was studying the application of gas turbines 
to the jet propulsion of aircraft, and a Heinkel 
He 178 aeroplane, powered with an engine of his 
design, made the first recorded jet-propelled flight 
in August, 1939. Before that date, some of the 
German aircraft firms were seriously contemplating 
the production of jet turbines and the German Air 
Ministry, by placing contracts for such engines 
with Junkers and the Bayerische Motoren Werke in 
1938, started an intensive effort which, expanding 
throughout the war, eventually involved all their 
aircraft-engine, and many of their steam-turbine, 
makers and culminated in the operational use of 
turbo-jet fighters such as the Messerschmitt 262, 
capable of seriously threatening Allied air supremacy 
for a time. 

Despite the earlier start, the much higher Govern- 
ment expenditure on research and development 
over several years prior to the outbreak of war, 
and the constant incentive of increased fighter- 
aircraft speed, the German jet-engine position was 
significantly behind that of Great Britain by 1945. 
In no small measure this can be attributed to 
the superior inventive genius and other qualities 
of British technicians, among whom Sir Frank 
Whittle is outstanding ; but there were also other 
factors, which, while predominantly consequent 
upon political and industrial conditions in Germany 
during the war, are still worth study in so far as 
they may bear on the future development of the 
gas turbine in this country. They are displayed 
with admirable clarity in a recent report* issued 
by the British Intelligence Objectives Sub-commit- 
tee. It has been compiled by a member of the staff 
of Power Jets (Research and Development), 
Limited, who confirms the opinion, commonly 
reached by students of German war-time science, 
that the centralised control exercised by the German 
Air Ministry was so rigid as to restrict design within 
pre-determined limits, and so secretive and canalised 
as to hamper the co-ordination of results and the 
co-operation of research establishments with manu- 
facturers. 

Among the general results of this policy was the 
practice of freezing an engine design at the type-test 
stage instead of, as in England, continuing to develop 
it until obsolescence. The consequence was the 
production of a whole series of engines of varying 
power, all having the same features and short- 
comings as the prototype, and, in particular, giving 
little or no improvement in power-weight ratios. 
Another dubious expedient was the deliberate sub- 
ordination of performance, weight and reliability to 
ease and rapidity of production. Actually, the 
Junkers 004 and the B.M.W. 003 aircraft jet engines 
were the only German gas turbines to reach the pro- 
duction stage. Their production times of 700 and 
500 man-hours, respectively, were dictated by the 
primary need to get the largest possible number 
into service in the least ible time, and were 
achieved by mechanical design of the utmost sim- 
plicity to facilitate manufacture and assembly by 





* German Gas Turbine Developments During the Period 
1939-1945. By J. W. Adderley, M.B.E., B.A., A.F.R.Ae.S. 
B.I.0.8. Overall Report No. 12. Published by H.M. 
Stationery Office. [Price 1s. net, postage extra.) 








largely unskilled and unwilling slave labour. Not 
unexpectedly, therefore, those engines were mark- 
edly inferior to their British counterparts at the 
end of the war. The wastage rate, aggravated by a 
shortage of high-temperature resistant materials, 
was extravagant, and engine life, normally only 
about 50 flying hours, was sometimes no more than 
half that time. 

Many of the more specific results of German 
policy were closely associated with details of gas- 
turbine design. The lack of co-ordination among 
experimental establishments, for instance, showed 
itself in the variety of combustion systems produced 
independently, many of which embodied ingenious 
features, but none of which gave satisfactory effi- 
ciency or durability. The bad effects of over-rigid 
bureaucratic control, on the other hand, are 
supremely exemplified in the German pre-occupation 
with the axial-flow type of compressor. Their 
Air Ministry, relying on the pre-war work of Betz 
and Encke at Géttingen, made up their minds before 
placing their first manufacturing contracts that the 
centrifugal compressor was inherently too low in 
efficiency and too great in diameter ever to be 
useful for aircraft turbines. By so doing, they 
committed the whole German effort to a form of 
compressor which, notwithstanding its advantages, 
was inevitably heavier and took longer to develop 
than the centrifugal type which contributed so 
much to the practical success of the Whittle engine. 
The Junkers designers made a bad case even worse 
in their eager search after production simplicity, 
by using sheet-metal stator blades and permitting 
large clearances, thereby impairing compression 
efficiency and introducing troublesome end thrust. 

Apart from one or two other features intended to 
assist manufacture and assembly, the Germans 
cannot be said to have advanced compressor design 
at all during the war ; but in several other directions 
their ingenuity in attempting to surmount difficulties 
led to devices or methods which may prove to have 
permanent value. In particular, their shortage of 
heat-resistant alloying metals promoted a great deal 
of research, among which turbine-blade cooling pro- 
blems figured prominently because their work on 
ceramic blades made only slow progress. The most 
promising ceramics appear to have been sintered 
mixtures of alumina with additions of iron or metallic 
oxides to provide resistance to thermal shock, but 
neither the optimum material nor any really satis- 
factory method of mounting ceramic blades had been 
decided by the end of the war. For metal blades 
complex alloys containing a good deal of nickel 
were essential, and on account of material scarcities, 
combined with light weight and ease of manufac- 
ture, hollow cooled blades were used in all the 
German jet engines that were in production or 
development in 1945. All the more advanced 
engines employed air cooling, variously arranged in 
association with the turbine elements to achieve 
maximum heat transfer; but some encouraging 
experimental results were obtained from a water- 
cooling system which took advantage of the high 
effective thermal conductivity of a fluid at or near 
its critical point, the necessary high pressure being 
created by centrifugal force as the water circulated 
through radial passages in a solid blade. Not 
unexpectedly, the Germans had their share of 
mechanical failures in turbine blades, which they 
endeavoured to cure by locking devices depending 
for their action or centrifugal force. The principle 
of holding the blade root by a single pin about 
which it is free to rock, so that, when running, it 
assumes a position in which aerodynamic and 
centrifugal forces are balanced, offers the great 
merit of freedom from bending stress. It was 
suggested independently in this country during the 
war, and was incorporated in each of the later 
Heinkel-Hirth engines which, however, did not 
reach the production stage. 

Although a large proportion of German war-time 
gas-turbine development was directed to aircraft 
engines, a number of projects for other applications 
were in being towards the end of the war. None 
of them had much beyond the design 
stage, but the intentions and estimated performance 
are fairly clear, while the types and arrangements 
of their components t instructive features. 
This, however, does not apply to a sequence of 


designs for a 1,000-h.p. turbine to drive an armoured 
fighting vehicle. As far as possible, it was comprised 
of components previously developed for aircraft 
engines, but the eventual hope was to obtain more 
power for a given weight and size than from a 
reciprocating engine, and to achieve a low con- 
sumption of low-grade fuel by adding a heat ex- 
changer. Four proposed designs for marine gas 
turbines, however, are much more interesting, and 
the biggest of them—a 10,000-b.p. unit designed by 
the firm of Briickner und Kanis for driving a high- 
speed to boat—simply bristled with novelties. 
Fuel was supplied by gas producers to an annular 
combustion chamber, of which the inner and outer 
shells formed the drives between the inner and 
outer rotors of a contra-rotating turbine and com- 
pressor. This same firm were also associated in the 
development of a 5,000-h.p. marine engine, in which 
the gas-turbine blades, rotor and combustion 
chamber were water-cooled, thereby supplying 
steam to a steam turbine. 

To what extent any of these rather far-fetched 
ideas would have turned out satisfactorily may never 
be known, but at least they did not introduce any 
originality in the matter of combustion. The Ger- 
mans seem to have under-2stimated the combustion 
problem and their efficiencies were lower than con- 
temporary British achievements, even though liquid 
fuels were almost exclusively employed. An im- 
portant exception was a 12,000-kW design, unfin- 
ished when the war ended, in which the Maschinen- 
fabrik Augsburg-Niirnberg A.G. collaborated with 
the Lurgi chemical engineering group to burn the 
gas resulting from high-pressure gasification of brown 
coal, The Allgemeine Elektrizitaéts Gesellschaft 
were favourably impressed by the possibilities of 
this fuel, as well they might be for purely industrial 
gas turbines in view of their possibilities as an 
effective outlet for Germany’s abundant brown coal 
supplies. The Lurgi-M.A.N. project was one of the 
few German turbines to incorporate a heat ex- 
changer; which is remarkable because their work 
on heat exchange, with the possible exception of 
that on turbine-blade cooling, must be accounted 
their outstanding contribution to gas-turbine de- 
velopment. Dr. Ritz, of the Aerodynamische 
Versuchsanstalt at Géttingen, was the most notable 
investigator of rotary regenerators, but even he does 
not seem to have approached any practical solution 
of the essential sealing problem. 

Indeed, it is hardly to be expected that such a 
problem, or others like it, could ever be solved com- 
pletely, however essential they are to the evolution 
of the gas turbine, without full collaboration 
between science and industry. Notwithstanding 
therefore, much that is of permanent value among 
the technological discoveries of Germany’s war-time 
gas-turbine work, unquestionably the most signi- 
ficant conclusion to be drawn from it is that rigid 
control is inimical to scientific enterprise, and tends 
away from rather than towards co-ordinated effort. 
Progress is most rapid and most certain only when 
the co-operation of industry, research and everyone 
concerned is not merely willing, but enthusiastic. 
How to achieve that result in the large-scale develop- 
ment of the gas turbine is a question of organisation 
which warrants constant consideration and periodical 
revision in the light of changing circumstances and 
growing accomplishments. 





JUBILEE OF ELECTRICAL ENGINEERING OOMPANIES. 
—During the present year the fiftieth anniversary of the 
establishment of the firm now operating as the Lancashire 
Dynamo and Crypto, Limited, Group of Companies, has 
been reached. The occasion was marked for employees 
of the southern section of the concern’s activities by a 
Festival at the Lyceum Theatre, Strand, London, W.C.2, 
on Thursday, March 24. A similar festival for the 
northern section will be held in Manchester on Thursday, 
April 28. The Lancashire Dynamo and Motor Company 
was founded in 1899 in Manchester by Mr. A. P. Wood, 
who was able to take part in the celebrations, and the 
Crypto Electrical Company shortly afterwards by Messrs. 
J. G. and C. R. Shaw, of whom the former is still living. 
In 1919, a trading agreement between these two com- 
panies was established and amalgamation took place in 
1932. In the same year, the firm’s Canadian interests 
were reorganised and later Crypton Equipment, Limited, 
and Foster Transformers and Switchgear, Limited, with 
its subsidiaries, became members of the group. 
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THE APPLICATION OF SLAG 
CONTROL TO THE MANUFACTURE 
OF TUBE STEEL.* 


By J. Monaacuan, B.Sc. 


Tuts paper describes some of the work which has 
been carried out in the institution of the system of 
basic open-hearth furnace control now operating 
at the Clydesdale Works of Messrs. Stewarts and 


Lloyds, Limited, for the manufacture of tube steel. | 


In the production of seamless tubes directly from the 
black ingot, steel of a high standard of quality in 
respect of chemical analysis, steel cleanliness, and ingot 
soundness is needed. Steel quality is a somewhat 
elusive factor which can be assessed only in terms of 
the yield of material suitable for the §nal product ; 
and it is necessary to determine the optimum conditions 
in manufacture which will give the maximum yield 
and then to control the process so as to reproduce these 
conditions consistently. To achieve and maintain this 
standard of control close attention must be paid to all 
aspects of the steelmaking and casting practices. S' 
control is primarily concerned with control over the 
refining period, the composition of the finishi 

and the composition and temperature of the final 
If the full benefits of the introduction of such a system 
are to be realised, and if, indeed, slag control is to be 
operated successfully at all, then control must be 
extended to include all the many variables which can 
affect the conditions under which refining takes place. 

It is relevant to consider here what are the main 
objects of slag control and what advantages may be 
expected to accrue from the introduction of such a 
system. The relative importance of these objects will 
vary from plant to plant and the extent to which they 
are realised will measure the success of any particular 
system. The main objects of slag control have been 
listed as: (a) to remove phosphorus and sulphur down 
to the specified maximum and to reduce phosphorus 
reversion on tapping; (b) to arrive at the required 
degree of oxidation of the steel at the end of refining, 
and to reach this position in the shortest time consistent 
with steel quality ; (c) to tap with a slag of the desired 
composition and with the minimum volume necessary ; 
(d) to consume the minimum amount of fluxes and 
deoxidisers ; (e) to obtain the minimum loss of iron in 
the slag. Incidental to the main objectives of slag 
control, several concurrent advantages may be obtained 
which include faster ing, a smaller percentage of 
carbon, sulphur and phosphorus misfits, greater yields 
and improved steel quality. 

Most systems of control operating in this country 
depend on calculating the quantities of lime needed to 
bring the slag to a predetermined basicity at tapping, 
from the weights of the lime or limestone in the charge 
and the composition of the slag and metal at the melt ; 
and on controlling the quantities and timing of addi- 
tions of ore and scale so as to oxidise the carbon out 
of the bath at a certain rate and obtain a desired iron 
content in the tapping slag. The success of any system 
of control is dependent to a large extent on being able 
to assess accurately and quickly the composition of 
the slag, and it is in the methods for estimating the 
basicity that the main differences in the various 
control systems lie, these methods including (a) chemi 
analysis ; (6) visual estimation from actual samples of 
slag in the form of thin circular slag “ pancakes ” ; 
(c) examination of the colour of ground slags; and (d) 
petrographic examination of polished sections of slag. 
The importance of having a method for estimating slag 
basicity which is sufficiently accurate to provide a 
basis for calculation of feed requirements, and at the 
same time quick enough to avoid delay in making these 
additions, is reflected in the increasing attention that 
has been paid to this problem in recent years. 

From an examination of the top skin formation and 
colour, and the relative amounts of shiny and dull 
areas of the bottom, a skilled operator can make a 
reasonably accurate estimation of the V-ratio, namely, 


(SiO, + P,0,)' 
ance of the fracture is also taken into account an 
indication of the iron content may be obtained. The 
literature contains many references to slag-pancake 
examination indicating the features which should be 
taken into account. The relationship between the 
pancake appearance and slag basicity will be different 
in each plant, and will vary with changes in practice, 
so it is necessary to prepare a fresh set of standards 
for each plant and practice. 

With hot-metal practice the more basic slags equi- 
valent to over 2-0 V usually show a “ spider’s net” 
pattern on the top, changes in the pattern and distri- 
bution of this “ spider’s net ” formation being related 
to changes in the slag composition. With cold-metal 
practice, however, this phenomenon is rarely found, 


from a slag pancake. When the appear- 





* Paper presented before the West of Scotland Iron 


and once the bottom of the pancake is completely dull 
(over about 2-2 V) all slags have rather similar appear- 
ances, making basicity estimation difficult. 
Rapid methods by means of which the percentage 
of iron, lime, silica and phosphoric anhydride may be 
determined in 30 minutes have been described by 
several authors. Similar methods have been tried out 
in the laboratory with which the author is connected, 
but were found not to give the accuracy desired, while | 
the more accurate methods take too long for completion | 
to permit the results to be used for control calculations. | 
For this reason the calculations are normally based on | 
pancake examination, chemical determinations of per- 
centage of iron and lime, and V-ratio by the conduc- 
tance method.* The estimations of percentage silica | 
and phosphoric anhydride are completed as soon as | 
possible after the other analyses, and are usually | 
available in time to provide a check on the conductance | 
estimate of V-ratio. 
The open-hearth plant with which the author is | 
connected consists of four mixed furnaces of 60 tons 
capacity fired with producer gas. Production consists | 


lag | mainly of plain-carbon tube steels in the range 0-1 per | 


cent. to 0-4 per cent. carbon, together with a small | 
amount of nickel-molybdenum tube steel. The charge | 


- | consists of 25 per cent. to 40 per cent. pig-iron, having | 


the following average percentage composition :— | 
carbon, 3-8; silica, 1-0; manganese, 1-3; and phos- | 
phorus, 0-4, and the remainder merchant and tube | 
scrap. The proportion of pig-iron is adjusted according | 
to the melt carbon peed the aim being to melt with 

about 0-4 per cent. to 0-5 per cent. carbon above the 

tapping value. An adequate refining period is needed | 
to obtain an open boil, to control the state of oxidation 
at tapping, and to give time to shape the slag up to the 
desired composition and physical condition. The 
control of melt carbon is therefore very important for 
satisfactory slag control, and the investigations which 
have been carried out on this subject have revealed 
that besides the percentage pig-iron charged, the; 
charging plus melting time, the basicity, and the 
oxidising ability of the furnace atmosphere all play an 
important part. The influence of slag basicity on the 
carbon of the melt is not always fully appreciated, but 
its effect can be quite important and points to the need 
for control of the melt-out V-ratio for reasons other 
than those concerned directly with the shaping up of 
the slag. The quantity and method of charging of the 
lime and limestone will affect the basicity at the melt- 
out time. 

During the course of the present investigations it 
has been found that considerable changes may take 
place in the slag composition during the last half-hour 
of melting, and, in fact, it frequently happens that 
lime and limestone still come up and float about the 
slag after the furnace is clear melted. If slag-control 
calculations are based on samples drawn when some 
lime still remains on the bottom, the estimate of feed 
lime needed will be in excess of actual requirements, 
not only because allowance is needed for the charge 
lime still to be fluxed, but also because the actual melt 
slag weight will be less than that calculated from the 
charge lime weight. 

This point has proved so important that, after each 
heat, a calculation is made of the amount of charge 
limestone which still remained unfluxed when the 
control sample was drawn. These calculations have 
shown that out of about 60 cwt. of the limestone of 
the charge, 20 cwt. or more may sometimes still be 
unfluxed at melt-out time, although every precaution 
is taken to see that the bath is actually clear melted 
when the samples are drawn. On occasions. a negative 
value for the unfluxed stone has been obtained, implying 
that the control slag volume was greater than that 
calculated from the charge lime. This has been taken 
as an indication that the bank erosion during the 
melting period was greater than the average value 
used when calculating the unfluxed limestone. 

To overcome the difficulties arising from this, the 
procedure is to take slag samples at regular intervals 
of 20 to 30 minutes throughout the course of the heat, 
commencing at about 20 minutes before the melt out. 
The pancake samples are examined and a visual esti- 
mate of the slag V-ratio made in each case to observe 
the progress of slag formation. The calculation of 
feed lime is made on the conductimetric estimate of 
the V-ratio on the control sample drawn 30 minutes 
after the bath is clear melted in order to minimise the 
risk of unfluxed stone. Rapid calculations of feed lime 
are also carried out on the later pancake samples to 
provide a further check, and if these indicate the 
earlier estimate of feed lime required to be excessive, 
the additions are modified accordingly. 

In order to calculate the amount of feed lime needed 
to obtain a desired V-ratio at tapping, it is necessary 
to know the weight of CaO in the melt (or control) slag 
and the V-ratio of this slag, the weight of phosphorus 
(and silica if any) which will enter the slag during 
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| 

refining and the V-ratio required at tapping. The 
CaO in the control slag is computed from the charge 
| lime and limestone and the Cad arising from erosion 
of dolomite from the banks during melting, for example, 
| if 30 cwt. limestone containing 55 per cent. CaO and 
20 cwt. burnt lime with 85-4 per cent. CaO are charged, 
then the total equivalent limestone 


85- 
= Wt. limestone + = wt. burnt lime 


= 30 + 1°55 x 20 = 61 cwt. limestone equivale:t; 
and the 
CaO = 61 x 0°55 
or 
= 30 x 0°55 + 20 x 0-854 = 33-5 cwt. CaO. 
To this must be added the CaO arising from erosion 
of the banks, which on an average is equal to 11 cwt. 
CaO (20 cwt. dolomite). The total weight of CaO in 
the control slag is therefore 44-5 cwt. (33-5 + 11). 
The control slag V-ratio 
Per cent. CaO, 
Per cent. (SiO, + PgOs)e 
which is equivalent to 
ne 
wt. (SiO, + P,0,),’ 
and at tapping 


Ve 


a 
wt. (SiO, + P.O,» 
where the suffixes ¢ and ¢ represent contents at control 
point and tapping, respectively. : 
Neglecting for the moment acids entering the slag 
from outside, then wt. (SiO, + P,O,)- = wt. (SiO, + 
P,0,);, and hence 
Wt. CaO; _ Wt. Ca0¢ 
Vt ie 
The feed CaO required will be CaO; — CaO,, and from 
this 


Ve 


Vv 
CaO required = Wt. CaO, (+! ai 1) . ) 
ec 


If in the particular example, the control V-ratio is 
1-8, and it is required to tap with V; = 3-0, then 


3-0 
CaO required = us (OS ~ 1) = 29-7 cwt. CaO. 


Part of this lime will come from the banks during 
refining, the average being 3-6 cwt. CaO (9 cwt. dolo- 
mite), and this must be deducted to find the CaO to 
be fed. In converting the remainder to burnt lime 
feed, only the available CaO in the burnt lime must be 
considered, i.e., the CaO available for increasing the 
slag V-ratio after deducting three times the acid impuri- 
ties in the lime ; for example, 

Available CaO per cent. = total CaO per cent. 

—3(SiO, + P,O;) per cent. = 84 per cent. 
The actual weight of burnt lime needed to raise the 
slag V-ratio is therefore 

29°7 — 3°6 _ 31-1 cwt. burnt lime. 
0-84 

This method of calculation may be summarised in the 
equation :— 
Feed burnt lime 
(0°55 x charge limestone + 11) x ( )-a6 


v 
= cant 
Ve 


= 


0-84 
. (2) 

In deriving equations (1) and (2) acids entering the 
slag during refining were neglected and some allowance 
must now be made for this. If the bath contains 
0-12 per cent. phosphorus and we wish to tap with 
0-02 per cent., the weight of P,O, entering the slag 
(for a 67-ton bath) will be 


67 


100 
and this will require 3-08 x 3 = 9-2 ewt. CaO., or 
11 cwt. burnt lime for each 0-1 per cent. phosphorus 
to be removed. The total burnt lime feed will there- 
fore be 31 + 11 = 42 cwt. burnt lime. Similar allow- 
ances can be made for silica entering the slag along 
with any ore that is used, while the impurities in fluxes 
are accounted for by calculating the “ available CaO ” 
in each case. This correction is quite small in the 
case of burnt lime, but becomes appreciable with 
fluorspar, which contains about 9 per cent. SiO,. 
(T'o be continued.) 


0-1 x x 20 x 2-3 = 3-08 cwt. P,O,, 





THe RoyaL SANITARY INSTITUTE.—The John S. 
Owens Prize of 15l., offered by the Council ef the Royal 
Sanitary Institute, 90, Buckingham Palace-road, London, 
W.1, for an éssay on “ Atmospheric Pollution,” has been 
awarded to Mr. Trevor Lewis, A.M.I.C.E., A.M.I.Mech.E., 
consulting engineer, Leicester. 





and ENGINEERING, vol. 166, page 545 (1948). 
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THE WORK OF THE ATOMIC- 
ENERGY COMMISSION. 


SomE measure of the extent of the activities of the 
Atomic Energy Commission is indicated by the fact 
that its constructional programme for the year 1948 
involved the expenditure of approximately 300 million 
dols.; work in hand, or projected, will require com- 
parable expenditure during this and the following few 
years. As most of the large plants operated by, or for, 
the Commission are situated in remote country districts, 
an important part of the total capital outlay has been 
incurred in the provision of living accommodation for 
the staff and workpeople concerned, The three major 
plants in operation are at Oak Ridge, in Tennessee, 
Hanford, in Washington, and Los Alamos, in New 
Mexico. Towns have been built at each of these places 
to accommodate populations of 36,000, 20,000 and 
12,000 persons, respectively. In the course of an account 
of the work of the Commission, presented to the Wash- 
ington Society of Engineers in November, 1948, Mr. 
W. K. Maher, chief of the construction-engineering 
branch, stated that it is the practice of the Commission 
“to engage private industry for the operation and 
management of all research and industrial facilities,” 
supervision being exercised by officers of the Commission 
operating from five offices. 

Mr. Maher’s term “ private industry ” must be taken 
with a wider connotation than it would carry in this 
country, as many of the Commission’s plants and 
laboratories are under the control of university autho- 
rities. For instance, the “ contractor” operating the 
Brookhaven National Laboratory is Associated Univer- 
sities, Incorporated, which has been formed by Harvard, 
Yale, Columbia, Cornell, Rochester, Princeton, Penn- 
sylvania and John Hopkins Universities in combination. 
Similarly, the contract for the operation of the Argonne 
National Laboratory, which is concerned with the peace- 
time —— of atomic energy, is held by the Univer- 
sity of Chicago in conjunction with 29 other educational 
institutions. The Los Alamos Scientific Laboratory, 
which deals with the development and production of 
weapons, is operated by the University of California. 
In contrast with these cases, the Oak Ridge plant, manu- 
facturing uranium 235 and radioactive isotopes, is 
operated by the Carbide and Chemical Company, and 
the Hanford plant for the manufacture of plutonium is 
managed by the General Electric Company. 

The particulars of the various housing projects, 
completed or in progress, which were given by Mr. 
Maher, need not be repeated here, but he gave some 
information about plant developments which is of 
engineering interest. At Hanford, extensive construc- 
tional work is in hand in the provision of plant for 
the production of fissionable materials ; the magnitude 
of the operations is indicated by the fact that 14,000 
workmen are employed. At the Argonne National 
Laborat6ry, situated about 30 miles from Chicago, 
work has been carried on in temporary buildings, but 

rmanent provision is now being made for research 
in chemistry, chemical engineering, medicine, biology, 
and the production of radioactive materials; an 
independent sewage system to keep radioactive wastes 
separate from industrial wastes is being installed. The 
whole establishment will cover an area of 4,000 acres. 
New laboratories are being provided at the Iowa State 
College, where much of the early work on atomic energy 
was carried out, and at Berkeley, in the grounds of the 
University of California, for the continuation and 
development of work with the Cyclotron and its deri- 
vatives. At the Brookhaven National Laboratory, on 
Long Island, which occupies the site of a former 
military camp, barracks and other buildings have been 
converted to laboratories; an experimental pile of 
new design is nearing completion. 

Various general problems arise in connection with 
all atomic-energy plants. These are concerned with 
the disposal of atomic wastes to the atmosphere, to the 
soil or to surface waters. At Hanford, experiments 
have been carried out to determine the most favourable 
atmospheric conditions under which to carry out 
operations; the United States Weather Bureau is 
co-operating in this work. Similar studies are planned 
at the Brookhaven National Laboratory and it is 
proposed to investigate the qualifications of filters, 
scrubbers, electrostatic precipitators and high chimneys 
in the elimination o vedienstive — The 
question of ground-water protection is being studied in 
conjunction with the United States Geological Survey, 
in order to locate sifes at which radioactive and toxic 
wastes may be discharged on to, or into, the ground 
without danger. The selection of sites for plants is 
clearly closely bound up with this matter. In addition 
to this investigation, however, much work is in hand 
on the treatment of radioactive wastes. A difficult 
problem to which attention is being given, is the disposal 
of bulky equipment and materials which have become 
contaminated through long and continuous use; a 
cognate matter which it is proposed to investigate 
is the effect of radioactive materials on piping in 
buildings and sewers. 


In connection with the interesting problem of atomic- 
power plants, Mr. Maher stated that ‘‘ so far there has 
been no indication that there is much possibility of 
obtaining — from a nuclear reactor in any other 
way than by first transferring the energy to heat, as in 
the case of conventional power-plant fuels.” As, 
however, temperatures of 1,800 to 2,700 deg. F. “‘ may 
logically be expected,” it is doubtful if steel could be 
used as a structural material. In any case, it would 
have to be ruled out, as it would absorb too many 
neutrons and thus interfere with the chain reaction 
needed for the operation of the nuclear reactor. Mr. 
Maher went on to suggest that titanium might possibly 
prove to be a suitable material. It had a strength- 
weight ratio better than structural steel and stood up 
well under high temperatures. He did not know if it 
would absorb too many neutrons, but if it was satis- 
factory in that respect there seemed to be no reason 
why it could not be produced in quantity at low cost. 
It had not been used to any important extent except 
as a paint base, but it was a plentiful element. 





FILM ON OPENCAST COAL 
WORKING. 


A FILM on opencast coal working has been produced 
for Messrs. John Laing and Son, Limited, Mill Hill, 
London, N.W.7, and is available for loan, free of charge, 
to engineering institutions, private and public com- 
panies, schools and study groups. The firm, well 
known as building and civil-engineering contractors, 
celebrated the centenary of its foundation last year, 
and has been engaged on opencast coal working since 
early inthe war. Work ona number of sites has already 
been completed, and contracts are in hand at present 
for the winning of more than 2,500,000 tons of coal. 
The total output from the firm’s opencast coal 
sites in 1948 was nearly 800,000 tons, equivalent to 
about one-thirteenth of the nation’s opencast coal 
production. The average output in the latter 
of last year was 20,000 tons a week, and the record 
output for a week was 32,426 tons. One day’s output 
from the Carrington’s Coppice site, in Derbyshire, was 
4,932 tons; the work at this site is the subject of the 
film. 
The showing of the film, which is entitled 
“Moving Earth,” lasts for about half-an-hour. A 
spoken commentary is incorporated, and the film is 
partly in colour. The sounds of the machines in 
operation also have been faithfully recorded. The 

m depicts the whole sequence of operations in open- 
cast coal working. The topsoil, which is usually of 
considerable agricultural value, is removed to a depth 
of 9 in. to 12 in. by tractor-drawn scrapers and deposited 
away from the site. The overburden is then removed 
by a “ Euclid” loader, the plough or cutting blade 
of which digs into the ground, causing earth to be 
fed on to an inclined conveyor belt which drops the 
earth into a trailer wagon alongside. The loader is 
towed by a tractor, and relays of tractor-drawn trailers 
take it in turn to travel by the side of the loader. As 
each trailer is filled it is tawed away to the overburden 
dumping site. A large ‘walking ”’ dragline excavator 
and mechanical shovels are also used for removing 
the overburden. The coal is then removed, generally 
by mechanical shovels, blasting being employed to 
assist the work. The overburden and topsoil are 
subsequently replaced, so as to leave the land suitable 
for agricultural purposes, the level often being improved 
in the process. The methods and machines employed 
at different sites, and at various parts of the same site, 
vary according to local conditions. Similarly, the 
quantity of overburden which has to be removed for 
each ton of coal varies, but an average figure is 10 cubic 
yards of overburden for each ton of coal. The pro- 
ducers of the film have avoided being too technical ; 
it should, therefore, be of interest to general audiences. 
Nevertheless, it is of considerable interest to engineers. 





RETAIL TRADING BY AREA ELECTRICITY BOaRDs.— 
In reply to questions by Mr. F. J. Erroll and Mr. A. E. 
Baldwin in the House of Commons on Thursday, March 
24, the Minister of Fuel and Power (the Rt. Hon. H. T. N. 
Gaitskell) said that the Midlands Electricity Board 
and other area boards were acting within the powers 
conferred upon them by Parliament in retailing and 
servicing electric fittings. 





ForrE DE Paris.—The Paris International Trade Fair 
will be held this year from May 21 to June 6 in its own 
permanent exhibition grounds, the Paro des Expositions, 
at the Porte de Versailles, Paris. The Fair will be open 
every day, Sundays and the Whitsun holiday included, 
from 9 a.m. until 6 p.m. Further particulars regarding 
the Fair may be obtained from the representative for 
Great Britain, Miss Enid Lambert, Foire de Paris, 
14-15, Rugby-chambers, 2, Rugby-street, Holborr, 





London, W.C.1. (Telephone : CH Ancery 6794.) 





AERO-ENGINE TEST HOUSES AT 
SCHIPHOL AIRPORT. 


By 1939, Schiphol Airport, near Amsterdam, the 
home base of K.L.M. Royal Dutch Airlines, had been 
developed into one of the most mcdern and best 
equipped in the world. During the second world war, 
however, it suffered considerable damage wrought by 
both the Germans and the Dutch themselves, so that by 
the end of the war the airline had virtually to rebuild 
the complete airport. A new engine-maintenance 
hangar and a radio-repair shop were soon put into com- 
mission, a description of the former having been given in 
ENGINEERING, vol. 163, page 519 (1947), while more 
recently a pair of engine test houses was completed. 
The engine test houses, which were designed and 
installed by Messrs. Heenan and Froude, Limited, 
Worcester, in co-operation with K.L.M., possess many 
interesting features and are provided with all the 
subsidiary plant n for the ground testing of 
both air and liquid-cooled aero engines of British and 
American manufacture developing up to 4,000 h.p. 

The building in which the test houses are situated is 
rectangular in form, having a length of 200 ft., a width 
of 80 ft., and a height of 33 ft., the complete building 
being constructed on piles since the test houses, like the 
rest of the airport, are below sea level. The central por- 
tion of the building is occupied by the workshop, in 
which the engines are prepared for testing, and the 
control room, the workshop and control room bei 
flanked at each side by the test rooms. An idea of the 
actual layout of the building can be gained from Fig. 1, 
on page 296, which gives a general view of the acts ang 
the sliding doors on each side giving access to the test 
rooms, while the steps in the background lead up to 
the control room; the space under the control room 
is occupied by the pumps, coolers, etc. 

One of the test rooms is illustrated in Fig. 3, on 
page 296, while drawings showing elevations and 
plans are reproduced in Figs, 4, 5 and 6, on page 
300. The engine is supported by a tubular-steel 
framework, which is bolted to a tapering nacelle 
fabricated from mild-steel plate. The nacelle, in turn, 
is suspended by three sets of steel ropes from a rect- 
angular steel frame, twg sets of the ropes oe 
from the nacelle to the top corners of the frames an 
the third to the centres of the bottom horizontal 
members. The steel frame is independent of the main 
building structure and is mounted on separate founda- 
tion blocks, so as to prevent vibrations from being 
transmitted to the building. The transmission of 
vibration from the engine to the frame is dam 
by rubber blocks located in the brackets to which the 
ropes are attached. Longitudinal motion of the engine 
is prevented by thrust rods which extend from the 
nacelle to the frame, the thrust rods incorporating 
rubber buffers. At the sides and rear of the nacelle 
is a light-steel platform from which the fitters can gain 
access to the various parts of the engine during test 
preparations. Furthermore, a combined air-and-oil- 
operated platform is provided at the front of each 
nacelle, which can be raised to give access to the 
engine during installation, but which sinks into the 


| floor of the test room when the engine is running. One 


of these platforms can be seen in Fig. 7, on page 300, 
which shows it in the raised position. A switch situated 
in the floor of the test room is arranged so that the 
engine magnetos are earthed so long as the platform 
is in use, thereby preventing the engine from being 
started inadvertently. 

The power is absorbed and, in the case of air-cooled 
engines, the cylinders, etc., are cooled by specially 
designed test fans, examples of which can be seen in 
Fig. 1, stored on the walls of the workshop. The blades 
of the fans are designed so that the airstream from the 
portions nearest the roots passes over the engine 
cylinders, but with some of the larger modern engines, 
this air stream needs to be supplemented and one of the 
test rooms is provided with a crankcase blower; this 
can be seen in Fig. 3, on page 296, and in Figs. 4 and 5, 
on page 300. It consists of an axial-flow fan driven 
by a constant-speed motor through a Heenan and 
Froude Dynamatic controlled-slip coupling and a cardan 
shaft. The fan and motor assembly is mounted on a 
steel structure, which brings it in line with the centre 
of the engine, the foundation of the steel structure 
resting on piles remote from the main structure. The 
airstream from the fan is directed towards the engine 
by a duct which can be fitted with different nozzles to 
suit various engines and can be telescoped to allow 
for varying engine positions. It also is hinged so that 
it can be swung to one side, as shown in Fig. 5, on 
page 300, when engines are being mounted on, or 
removed from, the nacelle. The fan is of the two- 
stage axial-flow type and has a capacity of 85,000 
cub. ft. per minute against a total head of 18 in. of 
water, the driving motor having an output of 300 h.p. 
at 1,450r.p.m. The fan, however, can be controlled to 
run at speeds beluw 1,450 r.p.m. by means of the 
Dynamatic ens: this operates on the eddy- 
current principle and consists essentially of two 














concentric rotating assemblies, each supported by 
separate bearings. A circumferential slot is formed in 
the inner member in which is located a coil of insulated 
wire, the ends of the coil being connected through slip 
rings and brushes to a control unit arranged to supply 
direct current. So | as no current passes through 
the coil, it is not possible for torque to be transmitted, 
but as soon as di current is applied, an electro- 
magnetic drag is created between the driving and 
driven members of the coupling, the amount of drag, 
and, therefore, the speed of the driven member, being 
controlled by variation of the current. The control 
unit is of the electronic type and is arranged in the 
control desk so that the fan speed can be regulated to 
suit engine-cooling requirements. 

The equipment for cooling the jackets of liquid- 
cooled engines consists of a set of heat exchangers and 


a header tank, the latter containing centrifuges for the | 
extraction of vapour, while a further set of heat | 


exchangers and an associated header tank are provided 


for use with engines equipped with inter-coolers. Both | 


systems can be operated on water, glycol, or a glycol- 
water mixture ; they are filled from the same tank, and 
the flow of coolant through the heat exchangers is 
regulated by by-pass valves operated from the control 
desk. When intercooled engines are fitted with 
integral header tanks, the header tank in the cocling 
system can be by-passed. Circulating water for the 
heat exchangers is obtained from a natural well and is 
pumped through the system by electrically-driven 
centrifugal pumps, the pumps and heat exchangers 
being situated in the space underneath the control 
room. The warm water from the heat exchangers is 
run to waste into a local canal. 

The lubricating system consists of three tanks 
located in the control room, namely, the heating and 
measuring tank, the rate-of-flow tank and the replenish- 
ment tank, together with a motor-driven pump, a drain 
tank, filters and tubular coolers situated underneath 
the contrcl room; some of the tanks in the control 
room can be seen in Fig. 2, on this page. The pipes 
from the control room and basement are led to thé 
engine through a streamlined duct which extends from 
the wall of the test room to the nacelle. Before start- 
ing an engine, the oil in the heating and measuring 
tank is warmed by immersion-type electrical heaters 
and the warm oil is circulated through the system by 
the motor-driven pump referred to previously. Imme- 
diately prior to starting the engine, the warm oil is fed 
to the engine-lubricating system by the same pump, 
but, once the engine is started, the pump is put out of 
circuit and the heaters switched off. The oil then 
circulates from the oil-measuring tank through the 
coolers and filters to the engine and returns from the 
engine through further filters to the rate-of-flow and 
measuring tanks. The oil consumption is measured 
by a Hobson Telegage which is fitted to the measuring 
tank, the loss being measured over a suitable period. 
The rate of flow is measured by stopping the delivery 
from the rate-of-flow tank to the measuring tank and 
ascertaining either the rise in the rate-of-flow tank or 
the fall in the measuring tank. The temperature of the 
oil entering the engine is regulated from the control 
desk by hand-controlled by-pass valves. The oil- 
replenishment tank is fitted with electrical immersion 
heaters so that a measured quantity of warm oil can 
be added to the system should the amount in circulation 
fall during a long test. 

The petrol is stored in a series of large underground 
tanks and is pumped to the control room, where the 
particular grade required can be selected. It then 
passes through a pressure-reducing valve to a flow- 
meter situated on the control desk, which gives an 
instantaneous reading of the consumption, while meters 
installed in the pipe lines give readings of the total 
consumption over a period. The petrol system also 
incorporates means for priming the engine carburettors 
from the pumping system ; in addition, a hand pump 
is provided for priming the engine cylinders when 
starting. Certain engine-test schedules require that 
the air entering the carburettors should be at a reduced 
pressure and thereby reproduce partly the conditions 
encountered at high altitudes. For this purpose, a 
circular manifold is fitted round each engine nacelle, 
and each manifold is provided with openings at the 
top and bottom for connecting it to the intakes of either 
down-draught or up-draught carburettors. The circular 
manifolds, in turn, are connected by ducting to a small 
room which is in direct communication with the 
atmosphere and the required depression in the manifolds 
is obtained by restricting the flow of air from the room 
to the manifolds by valves fitted in the ducting. The 
restriction valves are of the diamond-opening type and 
they are adjusted from the control desk by remote 
electrical controls. The ducts leading from the 
restriction valves to the manifolds form part of the 
streamlined casings which contain the engine controls ; 
one of these casings can be seen in Fig. 5, on page 300. 
The air entering the ducts is cleaned by filters arranged 
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inside the room housing the restriction valves. For 
testing engines fitted with water-injection systems, each 
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test room is provided with a water-storage tank, a 
pump and a flowmeter, the latter being fitted to 
the relevant control desk so that the water consumption 
can be measured and regulated. 

The transformer room is located at the rear of the 
control room, the electrical equipment having been 
installed by the local electricity-supply authority. The 
incoming power is at 10,000 volts and is reduced to 
3,000 volts for the blower motor and to 380 volts for 
the minor services, such as pumps, lighting, etc., the 
switchgear for the blower motor being located in a 
room adjacent the transformer house. Current for 
starting the engines is provided by a rectifier, which can 
give an output of 400 amperes at 24 volts or a corre- 
spondingly heavier current at 12 volts from the 
380-volt mains supply, a change-over switch being 
provided for connecting the set to either test room. 

The control room is illustrated in Fig. 2, opposite, 
from which it will be seen that it is exceptionally 
spacious and well laid out. The engine controls are 
of the hydraulic type, levers on each control desk 
operating transmitters which are connected by piping 
to receivers fitted in the engine nacelles, the final 
connections between the receivers and the actual 
levers on the engine being made by suitable rods and 
i ; these have to be connected when each engine 
is fitted to the test bed. In addition to the engine 
controls and the os eee and temperature gauges, 
referred to previously in connection with the lubricating 
and coolant systems, each control desk is fitted with a 
pressure gauge for the petrol-supply system, a series of 
pyrometer indicators which, in conjunction with 
thermocouples, register the individual cylinder tempera- 
tures, an air-speed indicator, mercury gauges for 
measuring the pressure at the carburettor intake and 
the boost pressure, and an electrical indicator which, 
in conjunction with an engine-driven generator, gives 
the speed of the engine. 

Thorough precautions have been taken to avoid the 
transmission of noise and vibration, not only to the 
control room, but to the surrounding buildings, which, 
on the Schiphol site, are close to the testing plant. 
As already mentioned, the foundations for the steel- 
work of the suspended nacelles and the air-cooling 
blowers are independent of the main building; in 
addition, the control room also is on separate founda- 
tions and the complete building is provided with double 
walls and roofs, the main body of the building being a 
concrete structure, which is surrounded by a brickwork 
shell. A comprehensive system of soundproofing has 
been installed also, this work having been carried out 
by Messrs. Horace W. Cullum Company, Limited, 
London, N.19, who acted as sub-contractors to Messrs. 
Heenan and Froude. Each air intake and outlet is 
fitted with sound ng “ splitter-panel ” assemblies 
consisting of rock wool encased in perforated steel 
sheets. Twelve vertical panels extending through a 
length of 54 ft. in each air intake and through a length 
of 45 ft. in each air outlet are provided, the panel being 
arranged with a number of bends so that the sound 
waves are reflected and absorbed. In the engine 
rooms, the ceilings in the vicinity of the engines are 








covered with a number of soundproofing panels, while 
the control-room ceiling is covered with Acousti-Celotex 
tiles. Double doors, of soundproof construction, are 
arranged between the workshop and the engine rooms, 
and the doors leading to the control room are made 
from soundproof material. It will be appreciated that, 
with this arrangement, when an engine is running there 
are always at least two soundproof doors between the 
test rooms and the control room. This layout has 
proved entirely successful, as it is possible to work 
or carry on a conversation in comfort in the control 
room and stand outside the “ splitter-panel ” assem- 
blies without experiencing any undue discomfort. 

As previously mentioned, the test houses and 
ancillary equipment were designed by Messrs. Heenan 
and Froude, Limited, Worcester, but mention should 
be made of Messrs. Ing. N. Perquin, of Zeist, who acted 
as sub-contractors for certain items made locally. 





REED VIBROMETER. 


An electromechanical instrument, known as a 
reed vibrometer, which is designed for studying 
vibration, especially that occurring in machinery, has 
recently been placed on the market by the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2. It is based on the phenomenon of 
resonance induced in a thin steel rod and consists 
essentially of a conical steel probe, which is placed 
in contact with the machine frame, floor, mounting, or 
other convenient part of the vibrating structure. The 
effective length of the reed, which projects from a 
terminal block, is varied by a knurled knob until reson- 
ance is obtained. The frequency of vibration can 
then be read in cycles second or revolutions per 
minute on a calibrated scale. This scale is mounted on 
a tubular casing, which projects from the terminal 
block. 

It is claimed that complex vibration wave forms can 
be analysed into components by careful exploration 
through the instrument’s frequency range, which is 
from 10 cycles to 250 cycles per second, corresponding 
to 600 to 15,000r.p.m. The amplitude at any frequency 
can be estima from the tip of the reed. Allter- 
natively, an electrical output can be obtained from the 
instrument by connecting two terminals at the top of 
the block to the Y plates of a cathode-ray tube. It is 
stated that this reed vibrometer is capable of givi 

ings which are accurate to within 5 per cent. at all 
frequencies in the working range. Its weight is given 
as 1 Ib. 2 oz. 





DIFFERENTIAL TARIFFS AND ELECTRICITY SUPPLY.— 
In reply to a question by Mr. G. Sharp in the House of 
Commons on Thursday, March 24, the Minister of Fuel 
and Power (the Rt. Hon. H. T. N. Gaitskell) said that the 
introduction of the differential tariff for domestic elec- 
tricity supplies had been one of the factors which had 
restrained the peak demand during the winter season, 
reduced load shedding and so enabled works production 





to continue without interruption. 
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LIGHT-WEIGHT INDUSTRIAL 
TRUCK. 


In order to meet the demand for a power-driven 
industrial-type truck within the reach of comparatively 





small industrial and agricultural concerns, Messrs. 
Wessex Industries (Poole), Limited, Poole, Dorset, have 
introduced the light-weight three-wheeled unit illus- 
trated on this page. The machine, which has a capacity 
of 10 ewt., has been designated the Wrigley light-weight 
motor-truck and, as will be seen from the illustration, it 
is driven through the single front wheel, an arrange- 
ment which provides exceptionally good mancuvra- 
bility. The construction is particularly simple and 
standard parts have been employed as far as possible so 
as to reduce maintenance costs and delays to a mini- 
mum The complete power unit is integral with the 
front wheel, the combined assembly being arranged so 
that it can be turned through 360 deg. ; it is ible, 
therefore, for the operator to control the truck either 
by walking behind, or by riding inside the body. 

The engine is a 1-h.p. four-stroke air-cooled Villiers 
petrol unit having a capacity of 98 c.c. It is fitted 
with a built-in flywheel magneto and automatic adjust- 
able governor, the speed being controlled by a small 
hand lever in the usual manner. Fan cooling is 
employed, metal cowling being fitted to direct the air 
on to the cylinders, etc., while lubrication is by splash 
from a large-capacity sump formed within the crank- 
case. The drive from the engine is transmitted to an 
Albion gearbox through a roller chain, the gearbox 
providing three speeds and having a built-in clutch. 
The clutch-operating hand lever is fitted to the steering 
handle, while the gear-change lever is located at the 
side of the transmission case. Final drive from the 
gearbox to the front wheel is by another roller chain, 
the driven sprocket being integral with the wheel 
assembly. A Girling internal-expanding braking unit 
is built into the front wheel, the shoes being controlled 
by a hand lever provided with a ratchet mechanism 
for parki The engine, gearbox, transmission and 
front wheel form a single unit with the turntable, the 
latter, which has a diameter of 14 in., being arranged 
to turn on }-in. diameter hardened-steel balls. Steering 
is effected by the hinged tubular handle visible in the 
illustration, which can be swung vertically through 
180 deg., so that the machine can be controlled either 
from the front or rear of the engine. Furthermore, 
turning the driving unit through 180 deg. gives a reverse 
motion and also permits the three speeds to be employed 
in both directions of travel. 

The front wheel can be supplied either with a 16 in. 
by 4 in. heavy-duty pneumatic tyre or an 18 in. by 4 in. 
Trackgrip pneumatic tyre for agricultural users. The 
rear wheels, which run on a 1} in. diameter solid-steel 
axle, can be supplied either with 16 in. by 4 in. pneu- 
matic or 8 in. by 3 in. cushion-type pneumatic tyres. 
The framework is of welded construction and comprises 
heavy-gauge steel channels and angles; it is suitably 
cross braced and, as will be seen from the illustration, 
is fitted with a curved bumper bar at the front. 
Several different bodies are available, the length of 
which is 5 ft. 3 in. in all cases, while the width varies 
between 2 ft. 4 in. and 3 ft. 4 in. Alternatively, the 
machine can be supplied as a tractor, in which case the 
wheelbase :s shortened and an adjustable seat provided, 
while a hydraulic-lifting platform for use with 
also is available. The safe maximum of both 
models in the various gears are: 1 mile an hour in 
first speed; 3 miles an hour in second ; and 6 miles 
an hour in third speed. The petrol consumption is 
given as approximately 1 pint per hour for continuous 
running, with a corres ing reduction when used 
intermittently. Although the truck has been rated 
at 10 cwt., on good level surfaces it will carry loads 
considerably in excess of this figure. 





ASLIB MEETING IN EDINBURGH.—A conference of the 
Northern Branch of Aslib will be held at 22, George-street, 
Edinburgh, the house of the Royal Society of Edinburgh, 
on Friday, May 6, 1949. The chair will be taken by 
Mr. Douglas A. Foulis, President of the Edinburgh 
Chamber of Commerce. After an opening address at 
10 a.m. by Sir John I. Falconer, a paper on “ Library 
Co-operation in Scotland ” will be read by Dr. L. W. 
Sharp, Librarian of Edinburgh University. This will 
be followed by a discussion, after which the next two 
papers will be considered together. These are “‘ The 
Problems of the Librarian in Industry,” by Dr. D. G. 
Brown, Librarian of the Nobel Division of I.C.I., and 
“The Problems of the Technical Society Library,” by 
Mr. P. W. Thomas, Secretary of the Institution of 
Engineers and Shipbuilders in Scotland. The afternoon 
meeting, beginning at 2.15 p.m., will open with a paper 
on “The Work of Aslib,” by Miss E. M. R. Ditmas, 
Director of Aslib. She will be followed by Mr. R. 
Brightman, Chairman of the Northern Branch, who will 
deal with “‘ Aslib Regional Branches.” These papers 
will be followed by a discussion on the desirability of 
forming a Scottish branch of Aslib. 
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CONTRACTS. 


Magssrs. THE BIRMINGHAM RAILWAY CARRIAGE AND 
WaGon Company, Limirep, Smethwick, Staffordshire, 
have received an order from the London Transport 
Executive for 89 new Underground railway cars. The 
value of the contract is 1,200,0002., and delivery of the 
new cars is expected to commence in the middle of 1950. 
Further particulars of the vehicles will be found on 
page 308 of this issue. 


THE GENERAL ELECTRIC COMPANY, LIMITED, Magnet 
House, Kingsway, London, W.C.2, have been awarded 
a contract by the Electricity Department of the City of 
Johannesburg for the extension of the Orlando power 
station. Five 30-MW 10-5-kV turbo-alternators with 
condensing plant and feed-heating equipment are to be 
supplied at a cost of 1,250,0001. Three 37-5-MW sets 
made by the same firm are already in service and two 
others are under construction. The capacity of the 
station, when completed, will therefore be 337-5 MW. 


Messrs. ACCLES AND POLLOCK LIMITED, Oldbury, 
Birmingham, a subsidiary company of TUBE INVEST- 
MENTS LimIrED, The Adelphi, London, W.C.2, have 
received a contract, valued at 150,0001., from the Union 
Steel Corporation of South Africa, for 240,000 stainless- 
iron rock-drill tubes and 84,000 tubes of chromium-alloy 
steel, for the South African gold mines. The rock drill 
tubes serve as the sleeve which carries the drilling bit 
to the rock face, while the chromium-alloy tubes will be 
used in conjunction with the stainless-steel tubes. 


Tue BRITISH ELECTRICITY AUTHORITY, Great Portland- 
street, London, W.1, during the past month have placed 
orders for equipment amounting, in the aggregate, to 
2,744,2581. The principal orders are for 33-kV and 
lower-voltage auxiliary transformers for Barking “‘C” 
generating station, with HaCKBRIDGE AND HEWwITTIC 
ELEcTRIC COMPANY, LIMITED; two coal-unloading 
cranes for Littlebrook “‘ C ” station, with SrOTHERT AND 
Prrr, LIMITED; superstructures, pump chambers and 
railways for West Ham “B” station, with Taylor 
WooDROW CONSTRUCTION, LIMITED ; sub-structure for 
the eastern half of Brighton “ B”’ station and railway 
sidings and civil-engineering works for Nottingham 
station, with HotLoway BROTHERS (LONDON), LIMITED ; 
electrostatic precipitators for three boilers for Battersea 
“ B ” station, with STURTEVANT ENGINEERING COMPANY, 
LIMITED; main and house transformers, reactors and 
super-tension cables for Fulham station, with MrTro- 
POLITAN-VICKERS ELECTRICAL COMPANY, LIMITED ; 
3,300-volt switchgear for Rye House station, with the 
BrRiTIsH THOMSON-HoUsTON COMPANY, LIMITED; ash- 
handling plant, including cranes by STRACHAN AND 
HeEnsHAw, for Nechells station, with INTERNATIONAL 
COMBUSTION LIMITED; and a 15,000-kKW gas turbo- 
alternator set and auxiliary equipment for Trafford 
station, with METROPOLITAN-VICKERS ELECTRICAL CoM- 
PANY, LIMITED. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ MirForD DUKE.”—Single-screw trawler, built 
by Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for the Milford Steam Trawling Company, Limited, 
Milford Haven, Pembrokeshire. Main dimensions: 
142 ft. 6 in. (between perpendiculars) by 25 ft. 6 in. by 
13 ft. 6 in.; gross tonnage, 320; fishroom capacity, 
8,500 cub. ft. Eight-cylinder Diesel engine of 750 s.h.p., 
supplied by Messrs. Ruston and Hornsby, Limited, 
Lincoln, and installed by Messrs. Amos and Smith, 
Limited, Hull. Speed, 12 knots. Launch, March 15. 


M.S. “ Byorn STANGE.”—Single-screw oil tanker, built 
by Sir James Laing and Sons, Limited, Sunderland, 
for Skibs A/S Arnstein (Messrs. Leif Hoegh & Co.), Oslo, 
Norway. First vessel of an order for two. Main 
dimensions: 475 ft. (between perpendiculars) by 67 ft. 
44 in. by 37 ft. 4in.; deadweight capacity, about 15,000 
tons on a draught of 29 ft. Four-cylinder oil engine 
supplied by Messrs. William Doxford and Sons, Limited, 
Sunderland, to give a trial speed of 12} knots. Launch, 
March 16. 

M.S. “ British RESOURCE.”—Single-screw tanker, 
built and engined by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne, for 
the British Tanker Company, Limited, London, E.C.2. 
Majin dimensions: 547 ft. by 69 ft. 6in. by 37 ft. 6 in. to 
upper deck; deadweight capacity, about 16,000 tons on 
@ draught of 30 ft. Six-cylinder combined-stroke 
Hawthorn-Doxford oil engine to develop 6,400 b.h.p. 
and a speed of 14 knots. Launch, March 16. 


M.S. “ ApamMs BECK.”—Single-screw collier, built by 
The Burntisland Shipbuilding Company, Limited, Burnt- 
island, Fife, for the Gas Light and Coke Company, 
London, W.8. Main dimensions: 260 ft. (between 


perpendiculars) by 39 ft. 6 in. by 18 ft. 6 in. ; deadweight 
capacity, 2,730 tons on a load draught of 17 ft.; gross 
tonnage, 1,773. Eight-cylinder marine Diesel engine, 
of 1,180 b.h.p., constructed by Messrs. British Polar 
Engines, Limited, Glasgow, to give a speed of 10} knots. 


BRITISH STANDARD 
SPECIFICATIONS. 

Tue following publications of engineering interest 

have been issued by the British Standards Institution. 

Copies are obtainable from the Sales Department of 

the Institution, 24, Victoria-street, London, S.W.1, at 

the price quoted at the end of each paragraph. 


Chromium-Molybdenum Steel Castings.—Three new 
specifications, B.S. Nos. 1461, 1462 and 1463, covering 
respectively, 3 per cent., 5 per cent., and 9 per cent. 
chromium-molybdenum steel castings, have been 
published under one cover by the Institution. The 
specifications apply to steel castings, for general = 
eering purposes, which, normally, will be ¥ ied 
at tem tures in excess of 400 deg. C. (750 F.). 
For each specification the chemical peat. of 
the steel is stipulated and the recommended heat- 
treatment procedure to which the casting must be 
subjected is given in an appendix. The test require- 
ments laid down relate to tensile and bend tests while 
provisions are made for non-destructive tests by radio- 
graphic examination or other method, for a hardness 
test after heat treatment, and for hydraulic testing 
where appropriate. Clauses relating to process of 
manufacture, fettling and dressing, freedom from 
defects, testing facilities, the branding of castings and 
the repair or rectification of castings by welding, are 
included. Recommendations regarding welding pro- 
cedure are given in an appendix. [Price 2s., postage 
included.] 

Asbestos-Covered Copper Conductors.—The existing 
series of British Standard Specifications for electrical 
conductors has now been extended by the issue of a 
specification relating to asbestos-covered solid-copper 
conductors of circular and rectangular section for use 
in the windings of electrical apparatus. The covered 
conductor is invariably pri with the asbestos 
covering impregnated. The new specification, B.S. 
No. 1497, is based upon data supplied by the British 
Electrical and Allied Industries Research Association 
and deals with the properties of the copper conductor 
and with the thickness and physical and electrical 
properties of the ier tan covering. A series of tests, 
including an ing test, is prescribed. [Price 2s., 
postage inelnded. he 





BOOKS RECEIVED. 


Admiralty Ship Welding Committee. Report No. R.5. 

First and Second Interim Reports. H.M. Stationery 

Office, Kingsway, London, W.C.2. [Price 1s. 6d. net.] 

Lloyd’s Register of Shipping. Appendiz to Lloyd’s Register 
Book. 1949. Offices of the Register, 71, Fenchurch- 
avenue, London, E.C.3. [Price 3 guineas.] 

The British Journal Photographic Almanac, 1949. Edited 
by ARTHUR J. DatLapay. Henry Greenwood and 
Company, Limited, 24, Wellington-street, Strand, 
London, W.C.2. [Price 5s. net (paper board covers) ; 
7s. 6d. net (cloth bound).) 

Five-Figure Tables of Mathematical Functions, Comprising 

Tables of Logarithms, Powers of Numbers, Trigonometric, 

Elliptic, and Other Transcendental Functions. Second 

edition. By JOHN BORTHWICK DALE. Edward 

Arnold and Company, 41 and 43, Maddox-street, 

London, W.1. [Price 6s. net.] 

Transactions of the Institution of Naval Architects. Volume 

90. 1948. Edited by Caprarn (S) A. D. Duckwortu, 

R.N. (REt.), Secretary of the Institution. Offices 

of the Institution, 10, Upper Belgrave-street, London, 

S.W.1; and Henry Sotheran, Limited, 2, Sackville- 

street, London, W.1. [Price 5l. 5s. net.] 

Pulses and Transients in Communication Circuits. An 

Introduction to Network Transient Analysis for Tele- 

vision and Radar Engineers. By COLIN CHERRY. 

Chapman and Hall, Limited, 37, Essex-street, Strand, 

London, W.C.2. [Price 32s. net.) 

Elementary Mechanical Vibrations. By PROFESSOR 
AvusTiIn H. CHurcH. Sir Isaac Pitman and Sons, 
Limited, Parker-street, Kingsway, London, W.C.2. 
[Price 22s. 6d. net.] 

The Theory and Use of the Complex Variable: An Intro- 
duction. By 8S. L. GREEN. Second edition. Sir 
Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 12s. 6d. net.] 

The Properties of Soft Solders and Soldered Joints. By 

Dr. J. MoKrown. Research Monograph No. 5. 

British Non-Ferrous Metals Research Association, 

Euston-street, London, N.W.1. [Price 17s. 6d., post 

free.] 

Thorpe’s Dictionary of Applied Chemistry. Fourth 

edition, revised and enlarged. Volume IX. Oils, 

Fatty to Pituitary Body. Editor: Dr. M. A. WHITELEY. 

Longmans, Green and Company, Limited, 6 and 7, 

Clifford-street, London, W.1. [Price 80s. net.] 

** Mechanical World’ Monographs. No.50. Aluminium 

and Its Alloys. By S. A. J. Sace. Emmott and 

Company, Limited, 31, King-street West, Manchester 3. 





Trial trip, March 18. 





PERSONAL. 


Sir ARCHIBALD JAMIESON, K.B.E., chairman of Vickers 
Limited, Vickers House, Broadway, London, 8.W.1, 
since 1937, retired from the board on March 31 on reaching 
the normal age limit of 65 for executive directors. He 
is to be succeeded by LT.-GENERAL SIR RONALD WEEKES, 
K.C.B., C.B.E., D.S.0O. Majgor-GENERAL Sm JOuN 
Davipson, K.C.M.G., C.B., D.S.0., also retired from 
the board on March 31, and Lorp Haney, P.C., G.C.S.I., 
G.C.1.E., LL.D., will retire on April 30, both having 
passed the age of 70. 


At the annual general meeting of the INSTITUTION or 
MECHANICAL ENGINEERS, held on Friday, March 25, 
the following members of Council were elected for the 

g year: President, Dr. H. J. Gouen, C.B., F.R.S. ; 
Vice-Presidente, Dr. R. W. BattEy, Wh.Sc., 
F.R.S., and Sm CLAuDE D. Gres, C.B.E., D.Sc., F.R.S. ; 
and ordinary members, Mr. G. N. HADEN, B.Sc., 
SmR GEORGE H. NELSON, SiR F. Ewart SMITH, 
M.A., CapTraIn G. T. SmITH-CLARKE, MAJOR-GENERAL 
W. S. Torz, C.B., C.B.E., Mr. G. VARLEY, and Mr. R. R. 
WHYTE, B.Sc. (Eng.) (associate member of the Institu- 
tion). 

Dr. JaMEs Burns, G.M., B.Sc., M.Inst.F., M.I.Gas E., 
now deputy chief engineer of the Gas Light and Coke 
Company, has been appointed chief engineer to the 
North Thames Gas Board as from May 1. 


Mr. J. G. B. Bruce, B.Sc., A.M.I.E.E., A.M.I.Loco.E., 
who joined the service of the London Passenger Transport 
Board in May, 1935, as an engineering trainee, has been 
appointed production engineer at the Acton Works of 
London Transport Executive. 


Mr. F. C. KNOWLES, M.I.E.E., who has been sales 
manager of Messrs. Evershed and Vignoles Limited, 
Acton Lane Works, Chiswick, London, W.4, for 26 years, 
retired from this position on March 31 and has been 
appointed a director of the company. He has been 
succeeded as sales manager by Mr. W. A. SHAW, who 
has been his assistant for many years. 


Mr. W. D. M. Lywoop, who has been on the technical 
staff of the Newcastle-upon-Tyne office of the English 
Electric Company, Limited, Stafford, for a number of 
years, has been appointed manager of that office, in 
succession to Mr. H. Ketron, who recently retired 
after having been manager of the Newcastle office for 
27 years. Mr. Ketton will continue to act in an advisory 
capacity. 

Mr. R. P. Key, B.Sc. (Leeds), M.I.C.E., M.I.Mech.E., 
F.R.Ae.S., has been appointed adviser on production 
efficiency to the Board of Trade. He will be responsible 
for the advice which the Board of Trade gives to industry 
on production efficiency. 


Mr. A. V. MARSHALL and Mr. E. SEYMOUR SEMPER, 
M.I.Mech.E., have been elected to the board of directors 
of Messrs. Hancock and Company (Engineers) Limited, 
oxygen cutting-machine manufacturers, Progress-way, 
Croydon. 


The Ministry of Civil Aviation and the Commonwealth 
Relations Office announce the appointment of Am VICE- 
MarRsHAL R. P. WILLOcK, C.B., to be civil aviation 
adviser to the United Kingdom High Commissioner in 
Australia. Air Vice-Marshal Willock is expected to 
arrive in Australia about the beginning of June. 


On page 274, ante, we stated that Mr. W. J. JENNETT, 
B.Sc. (Eng.), A.M.I.E.E., was resigning his position as 
honorary secretary of the London Group, Industrial 
Applications Section, Royal Statistical Society, on 
changing his employment. We now learn that he left 
the General Electric Company’s Research Laboratories 
on March 31 to join the staff of Associated Industrial 
Consultants Limited. His private address remains 
21, Woodhill-crescent, Kenton, Harrow, Middlesex. 





On page 226, ante, we gave some particulars of the 
London organisation of the WELLINGTON TUBE WORKS, 
LimITED, Great Bridge, Tipton, Staffordshire. We now 
learn that the names.of two of the firm’s London repre- 
sentatives were incorrectly spelt in the matter sent to us ; 
they should have read Mr. J. A. BLACKMAN and Mr. G. C. 
PARKES. 


THE BoarD OF TRADE announce that the section in 
the Raw MATERIALS DEFARTMENT dealing with cork has 
now removed from Horseferry House, Thorney-street, 
S.W.1. All inquiries regarding cork should be addressed, 
in future, to the Board of Trade, Raw Materials Depart- 
ment, R.M.2.C., 1.C. House, Millbank, London, S8.W.1. 
(Telephone: WHItehall 5140, ext. 695.) 


Dr. R. E. BLAKEY, 13, Half Edge-lane, Eccles, Man- 
chester, informs us that he has concluded arrangements 
with his pre-war associates, Malmedie und Co. Maschinen- 
fabrik A.G., Diisseldorf, Germany, to handle their 
machinery for the wire and rod industry. 


THE Hona Kona GOVERNMENT OFFICE IN LONDON 
has removed to Grand Buildings, Trafalgar-square, 





[Price 2s. 6d. net.] 


London, W.C.2. (Telephone: WHItehall 1648.) 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—Satisfaction is being expressed at the 
steady rate of production from the various steelworks. 
The ingot output is well maintained at the target stan- 
dard, and, in view of the three extra working days in 
the month, the figures for March may surpass even the 
good return for February. Scrap deliveries from home 
sources are very gratifying, while shipments from the 
Continent ere being discharged regularly at the various 
ports. The production of pig iron is on a capacity basis 
for the furnaces in operation, while good progress is 
being made with the reconditioning of Colvilles’ No. 1 
blast furnace, which it is expected will resume production 
next month as planned. Steelworks and re-rolling mills 
have been concentrating efforts on completing quotas 
before the expiry of the period allocations. Shipments 
have included considerable quantities of plates and 
sections for Dominion and European consignees. Re- 
rollable scrap is helping to eke out the shortage of billets, 
the bars and sections from such material being taken up 
readily by overseas buyers. Slabs and sheet bars are 
a little easier, owing to the recent deliveries of bars from 
Belgium. Sheetmakers are working at full capacity to 
clear their orders, but authorisations appear to be beyond 
the capacity of this part of the trade. The demand on 
home account shows no sign of slackening at the moment. 


Scottish Coal.—Nearer equality between supply and 
demand for inland consumers is now apparent. Deep- 
mine production has risen recently in step with the 
improvement in England, bringing the divisional average 
for 1949 to date to some 486,000 tons a week, as 
compared with 480,000 tons a year ago. The increase, 
of course, is only a direct reflection of the expansion in 
the labour force by 1,000 to 83,400 during the past 
12 months. Strengthened by the relief tonnages from 
the North of England—now closed under the supple- 
mentary programme—the large-coa]l position is easier, and 
allocation quantities are reaching the depots with 
gratifying regularity. The demands for gas are season- 
ally lower, and the arrivals of fresh coal are adequate 
for carbonising requirements. Some progress is being 
made in the rebuilding of reserves of locomotive coal, 
and, in the circumstances, current deliveries are satis- 
factory. On the whole, industrial fuel is sufficient for 
manufacturing and heating purposes. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—Inquiries for all classes of 
Welsh steam coal have been well maintained on the 
market throughout the past week, but there has been a 
shortage of supplies and consequently fresh sales have 
been limited. Nearly all collieries have long order lists 
for execution over the next few weeks and although 
output has been well maintained the demand has been 
more than could be handled. All sorts were well stemmed 
with business and little improvement in the supply 
situation can be expected until after the Easter holidays. 
The home demand has been very strong, and suppliers 
hold sufficient orders in this direction to keep the greatest 
part of production engaged for some time. The requests 
from the railways were extensive, and it was felt that 
the introduction of seasonal excursion traffic may have 
influenced plans for larger deliveries. Business for the 
gas and electricity undertakings has also been substan- 
tial, as well as that for industry, particularly the iron 
and steel trade, which has been operating to the fullest 
capacity. The ships bunker trade is active and there 
has been a very full programme for this purpose, while 
considerable quantities have been scheduled for the 
replenishment of stocks at the overseas coaling depots. 
The general foreign export trade showed no expansion, 
not because of the lack of demand, for this was heavy, 
but because little coal could be spared. The present 
shipment programme keeps the full export quantities 
engaged ; and plans are being arranged for April on 
about the same lines. Argentine coal exports were 
limited to occasional cargoes under special permit. 
New prices have been announced by the Western Region 
of the National Coal Board for anthracite coals to 
operate from April 4. The pithead price of most grades 
has been put up by amounts ranging from 1d. to 17s. 5d. 
a ton, but some grades, chiefly anthracite duffs, will be 
reduced by from 5d. to 6s. 1ld. a ton. An increase of 
from 5s. 7d. to 11s. 7d. a ton has been made on dry 
steam boiler nuts, and Phurnacite will be advanced 
by 10s. a ton. These changes do not concern anthracite 
for foreign export. 

Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was quieter as home 
consumers appeared to have finished placing orders 
for a large proportion of their requirements for Period 2. 
The export market, if anything, was quieter. Steel sheets 
continue in request and iron and steel scrap in demand. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The raw materials of the steel trades 
are in fairly good supply. More iron and steel scrap 
has been reaching the sorting yards, and there is a steady 
flow of Derbyshire and Lincolnshire pig iron and hema- 
tite irons. Engineering departments are very busily 
employed. Makers of heavy machine tools are well 
booked and are making satisfactory progress with 
important contracts for plant for local and Welsh steel- 
works. In the district builders of lattice-steel bridges 
are busily employed on contracts for constructions in 
various parts of the world. Colliery-engineering works 
are very heavily booked in consequence of the numerous 
schemes for reorganisation and re-equipment under- 
ground and on the surface. There is much leeway to 
make up in stainless steel the demand for which far 
exceeds the supply, especially in stainless-steel sheets. 
High-carbon steels are needed in larger quantities in the 
form of sheet and bar. Wagon builders and repairers 
are fully employed. Makers of wire ropes have a great 
deal of work on hand, but are hampered by the scarcity 
of high-grade wire. Makers of engineers’ small tools 
are very actively employed, and there is a growing de- 
mand for hacksawe, facilities for the manufacture of 
which have been increased, 


South Yorkshire Coal Trade.—There has been increased 
absenteeism at some pits and some loss of production 
has resulted. This was partly offset by improved pro- 
duction at opencast sites, aided by fine weather. The 
demand for washed and graded steams continues at a 
high level, and there are further calls for locomotive 
hards in preparation for Easter requirements. House 
coal is in full request, and gas coal is in strong demand 
for producer plants. Coking coal has been in slightly 
better supply with the consequent maintenance of the 
make of hard coke, which moves very freely. The export 
demand is strong, and a large quantity of coal and some 
coke is being dispatched to the Humber ports. 





NOTES FROM CLEVELAND AND 
THE NORTHERN [COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Nearly all descriptions of iron and 
steel are wanted in much larger quantities than are 
obtainable and any increase in production is very diffi- 
cult. Some slight increase in the make of certain com- 
modities can be reported, but expansion in the production 
of descriptions of material in very strong request is at a 
low rate. The supply of raw materials does not yet 
meet the requirements of consuming plants fully, but 
deliveries are expected to improve. The distributable 
tonnages of iron and steel scrap are readily taken up, 
though recent substantial deliveries have enabled some 
additions to be made to stocks. There are many com- 
plaints that parcels of pig iron are far from adequate for 
current needs. Outputs of semi-finished and finished 
products are maintained at a high level, but are insuffi- 
cient to deal satisfactorily with heavy delivery obliga- 
tions as they fall due against contracts. 

Foundry and Basic Iron.—The continued acute scarcity 
of ordinary foundry iron is checking outputs at works 
engaged in the production of light castings and other 
commodities in strong demand for export. The make of 
No. 3 Cleveland pig ceased some time ago and the resump- 
tion of production is not likely at present so that North- 
East Coast ironfounders have to seek other sources of 
supply of the quality of iron they require. The bulk of the 
tonnage they are receiving is from the Midlands. The 
whole of the output of the basic blast furnaces is retained 
for the needs of makers’ own consuming departments. 

Hematite, Low-Phosphorus and Refined Iron.—The 
limited production of East Coast hematite is promptly 
taken up and users are pressing for considerably larger 
parcels. Outputs of low- and medium-phosphorus grades 
ef iron do not cover fully the requirements of regular 
customers and an early material increase in the make 
is not yet promised. Refined-iron manufacturers are 
busily occupied and are clearing outputs as expeditiously 
as conditions permit. 

Manufactured Iron and Steel.—Semi-finished and 
finished iron plants are operating as actively as possible. 
There is no reduction in the demand for steel, but 
producers are disinclined to entertain offers of new 
business until they have eased their congested order 
books. Substantial quantities of steel semies are reaching 
the re-rolling mills, but still larger deliveries of small 
billets and sheet bars would be welcome. In the finished- 
steel branches the demand for maximum supplies of 
sheets, plates, joists, railway requisites and colliery 
equipment continues intense. 





MANUFACTURE OF NEWSPRINT IN CANADA.—The pro- 
duction of newsprint in Canada during 1948 totalled 
4,600,586 tons, against 4,446,789 tons in 1947. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








Society or ENGINEERS.—Monday, April 4, 5.30 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
“ Woven Wire Cloth,” by Mr. H. W. H. Icough. 


INSTITUTION OF ELECTRICAL ENGINEERS.—South 
Midland Centre: Monday, April 4, 6 p.m., James Watt 
Memorial Institute, Birmingham. ‘“‘ Load Dispatching 
and the Reasons for It,” by Mr. A. R. Cooper. North- 
Eastern Centre: Monday, April 4, Royal Station Hotel, 
Newcastle-upon-Tyne. 6.15 p.m., Annual Meeting. 
7 p.m., Conversazione. Mersey and North Wales Centre : 
Monday, April 4, 6.30 p.m., Royal Institution, Colquitt- 
street, Liverpool. Annual Meeting. London Students’ 
Section : Monday, April 4, 7 p.m., Victoria-embankment, 
W.C.2. ‘“‘ Future Methods of Power Generation and 
Other Problems,” by the President, Mr. T. Graeme N. 
Haldane. Measurements Section: Tuesday, April 5, 
5.30 p.m., Victoria-embankment, W.C.2. “‘ Parasitic 
Forces Existing in Induction Watt-Hour Meters,” by 
Mr. G. F. Shotter. North-Western Centre: Tuesday, 
April 5, 6.15 p.m., Engineers’ Club, Manchester. “‘ Visual 
Methods in Engineering Teaching,” by Mr. H. E. Dance. 
North Midland Centre: Tuesday, April 5, 6.30 p.m., 
1, Whitehall-road, Leeds. ‘“ Projects Favourable to 
Direct-Current Transmission and the Role of the British 
Electrical Industry,” by Mr. F. J. Erroll and Lord 
Forrester. Scottish Centre: Tuesday, April 5, 7 p.m., 
Central Hall, Tollcross, Edinburgh. Faraday Lecture on 
“ Television,’’ by Sir Noel Ashbridge and Mr. H. Bishop. 
Utilization Section: Thursday, April 7, 5.30 p.m., 
Victoria-embankment, W.C.2. Three student papers. 

ENGINEERS’ GUILD.— Metropolitan Branch: Monday, 
April 4, 6 p.m., 2, Savoy-hill, W.C.2. ‘“‘ Constitution of 
the Law Society,” by Mr. C. A. Fell. 

INSTITUTION OF PRODUCTION ENGINEERS.— Yorkshire 
Section: Monday, April 4, 7 p.m., Hotel Metropole, 
Leeds. ‘“ Industrial Politics,” by Mr. Lewis C. Ord. 
Wolverhampton Section: Wednesday, April 6, 7 p.m., 
Gas Company’s Offices, Clarence-street, Wolverhampton. 
“ Centralisation versus Decentralisation,”” by Mr. Lewis C. 
Ord. Western Section: Wednesday, April 6, 7.15 p.m., 
Grand Hotel, Bristol. ‘“‘ Rolled Steel Sections,” by Mr. 
G. Butler. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Shefield 
Branch: Monday, April 4, 7.30 p.m., Royal Victoria 
Hotel, Sheffield. Annual Meeting. “ Feeding of Steel 
Castings,” by Mr. B. Gray. Bristol Branch: Saturday, 
April 9, 3 p.m., Grand Hotel, Bristol. Annual Meeting. 
Lancashire Branch : Saturday, April 9, 3 p.m., Engineers’ 
Club, Manchester. Annual Meeting. Newcastle Branch : 
Saturday, April 9, 6 p.m., Neville Hall, Newcastle-upon- 
Tyne. Annual Meeting. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, April 5, 
5.30 p.m., Great George-street, S.W.1. ‘‘ Research on 
Road Safety and Traffic Flow,” by Dr. R. J. Smeed and 
Mr. G. T. Bennett. Association of London Students: 
Wednesday, April 6, 6 p.m. ‘“ Gibraltar Housing 
Scheme,” by Mr. F. Hay. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.— Wednesday, April 6, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. 1948 Napier Shaw Premium Paper, by Dr. T. 
Bedford. 

INSTITUTION OF MECHANICAL ENGINEERS.—London 
Graduates’ Section : Tuesday, April 5, 6.30 p.m., Storey’s- 
gate, St. James’s Park, S.W.1. “Creep and Plasticity 
of Metals at High Temperatures,” by Mr. D. C. Herbert. 
North-Western Branch: Thursday, April 7, 6.45 p.m., 
Engineers’ Club, Manchester. “ Modernisation of a 
Coal-Discharging Depot,” by Mr. G. T. Shoosmith. 
Institution: Friday, April 8, 6 p.m., Storey’s-gate, 
S.W.1. “‘ Dynamic Principles of Machine F dati 
and Ground,” by Mr. J. H. A. Crockett and Mr. R. E. R. 
Hammond. 

JuNIOR INSTITUTION OF ENGINEERS.—Midland Sec- 
tion: Wednesday, April 6, 7 p.m., James Watt Institute, 
Birmingham. “Modern Press Design,” by Mr. J. L. 
Williams. Institution: Friday, April 8, 6.30 p.m., 
89, Victoria-street, S.W.1. ‘‘ Circular Section Force 
Fits in Machine Construction,” by Mr. J. M. Tebby. 

Roya InstirvTion.—Thursday, April 7, 5.15 p.m., 
Albemarle-street, W.1. ‘“‘ Physics of the Solid State— 
IV,” by Professor Sir Lawrence Bragg. Friday, April 8, 
9 p.m., “ Magnetic Field of Large Rotating Bodies,” 
by Professor P. M. S. Blackett. 

RoyaL AERONAUTICAL SocreTy.—Thursday, April 7, 
6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. “ Aircraft Accidents in Relation to 
Aircraft Design,” by Air-Commodore Vernon Brown. 

SocreTy OF MODEL AND EXPERIMENTAL ENGINEERS.— 
Saturday, April 9, 2.830 p.m., Caxton Hall, Victoria- 
street, S.W.1. ‘“‘ The Technica] Press,” by Mr. J. Foster 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this —— and any other publication bearing a 


similar title 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 





Manager. 
Accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should crossed “‘ The National Provincial 


Bank, Limited, C Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 


places abroad, with the exception 
RTS ER SRE ee £410 0 
For Canada ........ wssesspilccastiinse napealte fA 5 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the~ green 
art paper wrap me on the inside black and white pages 
and in the bu ag? 4 two-colour supplement, as 
well as for insets, obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisem' che dampen ane ar a 
a but absolute regularity cannot 

The charge for advertisements eed ont under the 
headings of ‘Appointments Open,” “Situations 
Wanted,”’ “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the is 248. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six ; ; and 
33} per cent. for fifty- two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

7” ” instructions and alterations to 
ad ts for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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The Index to Vol. 166 of ENGINEERING 
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INDUSTRIAL SCIENCE. 


Tue foundation of the National Physical Labora- 
tory in 1900 was a turning point in the relations 
between science and industry in this country. It 
is legitimate, of course, to regard most of on 
industrial development of the preceding century 
based on scientific discovery. Some of it was ae ee 
immediate outcome of research by outstanding 
individuals, specifically aiming to create new 
machines and processes or to improve old ones ; 
while the contributions of scientific institutions, 
supported by the State, for such purposes as astro- 
nomy, navigation, meteorology and geology were, 
at least indirectly, of value to industry. During 
the latter half of the century, however, it became 
uncomfortably apparent that the virtual monopoly 
which British manufacturers had long enjoyed in 
the world’s markets was being challenged by 
increasing industrialisation abroad, and that, in 
Germany especially, the purposeful application of 
science to industry as exemplified by the creation of 
technical schools of university standing, and the 
establishment in 1887 of the Physikalisch-technische 
Reichsanstalt, was yielding a handsome dividend. 
It has long been clear, indeed, that Britain’s neglect 
to exploit Perkin’s discovery of coal-tar dyes was 
an immensely valuable gift to Germany, not only 
intrinsically but also incidentally in helping German 
industry to achieve and enjoy, for a long period, 
supremacy in the fields of scientific instruments and 
optical glass. Before the Nineteenth Century 
ended, the urgent need for a central scientific 
establishment in this country, advocated by the 
late Lord Rayleigh, among a number of able and 
far-sighted men, led the Treasury to sponsor the 
formation of the National Physical Laboratory by 
agreement with the Royal Society, under whose con- 
trol it remained until the Government undertook 
full financial responsibility for it in 1918. 

The National Physical Laboratory differed from 





other State-supported scientific work for various 


304 | now upwards of 1,000 in number. 


public services in that it existed to serve technical 
industry, and the rapidity with which its activities 
expanded beyond the realisation of physical stan- 
dards revealed how useful and welcome its function 
was. The outbreak of war with Germany in 1914 


; | not only emphasised the immediate importance 


of research in the development and production of 
munitions ; it showed equally clearly the part that 
organised scientific effort would be able to play in 
re-fashioning industry to meet post-war conditions 
at home and, especially, to capture German markets 
abroad. The outcome was a well-conceived Govern- 
ment scheme for organised research, including co- 
operative industrial research associations financially 
assisted by the State, which took permanent shape, 
at the end of 1916, in the Department of Scientific 
and Industrial Research. From this somewhat 
hesitant beginning there has been no looking back. 
Subsidised research has fully justified iteelf and has 
expanded, particularly during the recent war, at 
such a rate that the Government are now probably 
the largest users, and certainly the largest producers, 
of applied science in the country. A big proportion 
of it is specifically aimed at providing for the needs 
of industry and supplements very significantly the 
service of research organisations in privately owned 
commercial undertakings and public corporations, 
When to these 
are added the efforts of the co-operative research 
associations, universities, technical colleges, pro- 
fessional institutions and private consultant groups, 
the result is a truly impressive volume of scientific 
inquiry which, for variety of subject and extent 
relative to population, is unsurpassed anywhere 
in the world. 

While there is still plenty of scope for industrial 
research to expand in all directions, the more 
important thing at present, and for years to come 
until Britain’s position in the industrial world is 
once more secure, is for the research establishments 
to be utilised and their resources of accumulated 
information exploited. This is not yet being done 
to anything like the extent that it should be or 
might be. In some quarters, no doubt, there persists 
the reactionary attitude that scientific contrivances 
and procedure are a waste of time and money ; 
and it has to be conceded that such may well be 
the case if they are introduced without intelligence 
or sympathy into an already prosperous concern. 
In other cases, more especially in small firms, there 
may be no member of the staff technically qualified 
to appreciate the potentialities of research results 
or to apply them with advantage to the firm’s 
particular problems. Most unfortunate of all, pro- 
bably, is a degree of failure to realise how profoundly 
technical industries of all sorts are, in fact, being 
served by research deliberately designed to improve 
them. Published accounts of scientific advances, 
particularly of the marvels achieved during the war, 
have tended, not unnaturally, to deal with subjects 
that are new and unfamiliar to the public. It is 
obvious that the new industries which have sprung 
up round electronics or plastics chemistry, for 
example, and which owe their existence to relatively 
recent discoveries, are correspondingly dependent 
for their progress on intensive research. It is much 
less easy to believe that old-established industries 
like building, textiles or pottery, with traditions of 
individual craftsmanship and practice, and whose 
best products actually acquire merit through age, 
can benefit from changes suggested by belated 
scientific investigation. 

Largely with the object of dispelling any such 
misconceptions, and at the same time of acquainting 
the whole of British industry with the scope and 
competence of the scientific research services at its 
disposal, a series of 19 articles was published in the 
Board of Trade Journal between May, 1947, and 
March 1948. The collected articles, recently re- 
issued in a single volume* and supplemented by 
lists of the establishments embraced within the 
D.S.LR. and of 38 industrial research associations, 
make up a document that is intrinsically very 
interesting, and merits the serious attention both 
of managements and research staffs throughout 





* Research in Industry. Department of Scientific and 
Industrial Research, and Board of Trade. H.M. Station- 
ery Office, York House, Kingsway, London, W.C.2. 





[Price 1s. 6d. net.] 
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technical industry. The introductory article, by 
Sir Edward Appleton, which indicates how science 
in general and the D.S.I.R. in particular can help 
industry, sets the theme for the others. Each is 
the work of an authority in a particular subject or 
aspect of industrial research, in many cases the 
director of a laboratory or research association, 
whose task has been to trace the growth of the 
technology upon which the industry is based, to 
exemplify the influence of science upon it and then 
to say something of what his organisation can do, 
has done, and intends to do to fulfilits purpose. 

From the abundance of material available it can 
safely be presumed that the selection of the most 
appropriate subjects for publicity has presented 
problems to the compilers of the articles as well as 
to the individual authors. Although the scope they 
cover is wide, ranging from paint and textiles to 
radar and industrial design, it falls far short of 
completeness, notably as regards many branches 
of engineering and chemical manufacture. In a 
sense, this is a complimentary omission, implying, 
not unwarrantably, that engineers and chemists 
already appreciate what research can do for them 
and make good use of the public facilities at their 
disposal. There are, it is true, articles on ferrous 
metals, light engineering, and machine tools, and 
an essay on ths electrical industry with special 
reference to consumer goods, while rayon, paint 
and plastics are very directly the concern of the 
chemist. On the whole, however, it appears that 
some attempt has been made to select subjects 
that, while representative of the range of industry 
susceptible of benefiting from research, are perhaps 
less widely known to be actively in course of 
improvement from the strictly commercial stand- 
point. It is interesting to learn that lace-making, 
for instance, now has development laboratories, and 
a Research Council interesting itself in the working 
conditions of the operatives, as well as in exploring 
new methods and materials for manufacturing and 
finishing its products. Among other textiles, linen, 
cotton, wool and jute are having their traditional 
practices scrutinised and improved in a surprising 
number of ways, quite apart from the introduction 
of entirely new and attractive qualities 
for their manufactured products. Pottery and 
leather are two other old-established industries in 
which research, branching out into ceramics and 
refractories in the one case, and boots and shoes in 
the other, has already been practically serviceable, 
but has shown unmistakably how great a field of 
promising investigation remains to be explored. 

Since this last factor is common to all scientific 
inquiry, it is worth remarking that an official 
document primarily devoted to the activities of the 
Department of Scientific and Industrial Research 
by no means covers the country’s present sources 
of science applied to industry. A glance through 
the lists of research establishments and associations 
reveals, indeed, some unexpected omissions of 
industries in which it is widely known that applied 
research is being vigorously pursued. In some cases, 
no doubt, the gap is no more than temporary, since 
the number and variety of industrial associations 
is still growing and is likely to expand in many new 
directions under the stimulus of Government 
encouragement and financial assistance. Such 
support from public funds is not likely to be afforded 
grudgingly to industries comprised of a large number 
of relatively small separate firms, of which few, 
if any, have the means to investigate large-scale or 
long-term problems that face the entire industry, 
and the solution of which would benefit the national 
economy and at the same time further the pros- 
perity of member firms. Clearly, however, industry 
as a whole has a duty to make the fullest and 
wisest use of the rtunities available to it 
and so attractively displayed in the D.S.I.R. book- 
let. To make such a national scientific effort 
thoroughly worth while, it is essential for the 
information that will help industry to be actively 
sought and rapidly put into practice. In both these 
directions there is scope for more bodies of the type 
represented by the Manchester Joint Research 
Council, in which the interests of the local Chamber 
of Commerce and the University combine to foster 
applied research and to bring its results forcefully 
to the notice of industrialists. 





WATER POLLUTION 
RESEARCH. 


THE two main fields covered by the work of the 
Water Pollution Research Board are the treatment 
of town sewage in general and specific industrial 
wastes in particular. To some extent, problems 
arising in connection with water supply also come 
within its purview. An example of the latter type 
of activity is dealt with in the latest report* of the 
Board, in which an investigation of the possible 
effect of the chlorination of drinking water on the 
durability of brass fittings, such as ball-valves, is 
described. During the war, many towns which 
had not previously adopted the practice added 
chlorine to domestic water supplies as a safeguard 
against contamination resulting from the fracture 
of mains by bombing, and in most cases the practice 
has been continued as a general safety measure. 
The Water Pollution Research Laboratory has 
received many inquiries about the possible effect 
of the chlorination on brass fittings; similar 
inquiries have been addressed to the British Non- 
Ferrous Metals Research Association. This latter 
body, accordingly, circulated a questionnaire to 
members of the British Water Works Association. 
The answers received indicated that most water 
undertakings had not observed increased corrosion 
in recent years; those which had, connected it 
with the adoption of chlorination, or to the increase 
in the amount of chlorine added to the water. 

In these circumstances, in order to obtain more 
specific data bearing on the matter, an investigation 
was carried out with a tank fitted with four domestic 
ball-valves arranged so that the tank, when full, 
discharged automatically ten times per hour. A 
counter was fitted and the total number of flushes 
varied from some 30,000 to 60,000. The apparatus 
was used at various waterworks, with water chlorin- 
ated in accordance with the usual practice, and 
worked in parallel with a similar apparatus supplied 
with unchlorinated water. It was found that 
fittings made by hot-pressings were more affected 
than those made of castings. The hot-pressed 
valves were made from an alloy containing approxi- 
mately 60 per cent. of copper and 40 per cent. of 
zinc, but with some 2 or 3 per cent. of lead. The 
metallurgical structure was built up of two phases, 
a- and £-brass, with the lead present as evenly 
distributed particles. The cast alloy contained 
approximately 70 per cent. of copper, 30 per cent. 
of zinc, and 2 to 3 per cent. of lead; it had the 
structure of a-brass with the particles of lead 
distributed in a manner which seemed to depend 
on the conditions during casting. 

The results of the experiments indicated that 
damage to cast valves was associated with uneven 
distribution of the particles of lead in the alloy. 
The lead, being relatively soft, is more easily worn 
away at the seating surface, giving rise to small 
channels which may become enlarged so that leakage 
occurs. It is suggested that “ variations in the 
metallurgical structure of cast brass are of greater 
importance than the presence or absence of chlorine 
in the water passing through the ball cocks.”” With 
the hot-pressed valves there was a tendency for the 
B-phase of the brass, at the surfaces of the bores 
and seatings, to undergo some dezincification, pro- 
ducing a residue of spongy copper. Formation of 
this soft copper weakens the metal and renders it 
more susceptible to damage by the erosive action 
of the water. The presence of chlorine appears to 
increase the tendency to dezincification. The general 
conclusion arrived at is that chlorination of water 
may cause increased corrosion of hot-pressings 
which have a duplex metallurgical structure. 
Experiments are proceeding with valve seatings 
made from metal more resistant to dezincification. 

In the general field of sewage purification, the 
most important contribution made by the Water 
Pollution Research Laboratory has probably been 
the development of the system of alternating 
double filtration on which experiments have been 
in progress at the Minworth sewage works of the 
Birmingham, Tame and Rea District Drainage 


* Report of the Water Pollution Research Board, with the 
Report of the Director of Water Pollution Research, for the 
Year 1947. H.M. Stationery Office. [Price 1s. 6d. net.) 











Board since 1938. Some years ago, experiments on 
filtration with re-circulation of the effluent were 
put in hand on three large-scale filters put at the 
disposal of the Laboratory by the Drainage Board. 
The general results of this work have been so satis- 
factory that plans are in hand to modify the whole of 
the Minworth works to operate on the process of 
alternating double filtration. Reduced-scale work 
on this subject has now been undertaken at the 
Finham sewage-disposal works at Coventry. Four 
circular percolating filters, each containing 24 cubic 
yards of medium, are being employed in experiments 
on single filtration, filtration with re-circulation of 
the effluent, and alternating double filtration. Wi‘h 
the two latter regimes, the rate of treatment per unit 
volume of filtering medium per day was twice as 
great as in the single filter. The effluents were not 
of consistently good quality, but the effluent from 
the filter operated on the ordinary process at half 
the output was not substantially better. 

Another investigation in hand in the field of 
sewage treatment is directed to the improvement 
of sewage effluent before it is discharged. When 
sewage has been treated by sedimentation and a 
biological process, a second period of sedimentation 
generally removes enough of the humus sludge 
formed to render the effluent suitable for discharge. 
At some sewage works, however, at which the effluent 
passes to a stream affording very little dilution, a 
more complete removal of the humus is desirable 
Open sand filters, cleaned by periodical scraping, 
have been used at many sewage works in Great 
Britain and abroad for the final treatment of the 
effluent, but they occupy a large area and the purpose 
of the experimental work in hand is to compare 
their efficiency with that of pressure filters in which 
deposited material is removed by back-washing. 
After small-scale work in the laboratory, a pilot 
plant consisting of two pressure filters 3 ft. deep 
and 2 ft. in internal diameter, was set up at a 
sewage works. Trials have been made with the 
filters charged both with sand and graded anthracite. 
With the latter material, 5,000 gallons of liquid per 
square foot of filter surface was filtered on two 
days before the loss of head reached 13 ft. of water 
and back-washing became necessary. From 75 to 
100 per cent. of the humus was removed. The 
experiments had been commenced only recently at 
the time of the report and are being continued, 
without change in the operating conditions, in 
order to ascertain whether a filter of this type will 
gradually become less efficient as a result of the 
growth of organisms or the incrustation of the 
particles of filtering medium. ; 

The section of the report dealing with industrial 
waste waters describes various researches concerned 
with the treatment of organic wastes resulting from 
the processing of sisal and coffee and the manufac- 
ture of cider. The treatment of milk washings and 
the waste waters from an abattoir are also briefly 
dealt with. The work on sisal was carried out in 
Kenya in conjunction with the East African Indus- 
trial Research Board. The leaves of the sisal plant 
contain about 4 to 5 per cent. of fibre which is 
separated from the fleshy matter by decortication ; 
usually, only about 3 per cent. of the leaves is 
recovered as long fibre, the rest of the plant being 
wasted. Judged by the test for biochemical oxygen 
demand, the liquid discharged during the processing 
of 100 tons of leaves is equivalent in polluting charac- 
ter to between 550,000 and 825,000 gallons of crude 
domestic sewage, that is, sewage from a population 
of between 22,000 and 33,000; many factories 
process at least 300 tons of leaves a day. Experi- 
mental work carried out on site, and in the labora- 
tory, has been concerned with treatment of the 
waste waters with coagulants and by biological 
methods, including natural fermentation, the 
activated-sludge process and biological filtration. 
As a limited water supply is frequently a serious 
problem on the East African estates, a major part 
of the research has been concerned with the treat- 
ment and re-use of the waste waters. With an 
experimental plant which has been constructed, a 
saving in water consumption of over 80 per cent. 
has been attained. Work of a similar <n 
in progress at coffee ts in the Kiambu an 
districts in East akiee, where serious pollution of 
the relatively small rivers is taking place. 
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NOTES. 


Tae James ALFRED Ewinc MEDAL. 


On the joint recommendation of the Presidents of 
the Royal Society and the Institution of Civil Engi- 
neers, the Council of the latter Institution have 
awarded the James Alfred Ewing Medal for 1948 to 
Sir Edward Appleton, G.B.E., K.C.B., F.R.S. The 
medal is awarded annually and was founded in 
1936 in memory of Sir Alfred Ewing. As announced 
in our columns some weeks ago, Sir Edward is 
relinquishing his appointment as secretary of the 
Department of Scientific and Industrial Research 
on April 30 to become Vice-Chancellor of the 
University of Edinburgh. It is singularly appro- 
priate that this award should have been made to 
him on the eve of bis taking up an appointment 
which Sir Alfred Ewing occupied with great distinc- 
tion. Edward Victor Appleton was born at Brad- 
ford in 1892 and was a scholar and exhibitioner at 
St. John’s College, Cambridge, where he took the 
National Sciences Tripos in Physics. After serving 
throughout the 1914-19 war he returned to Cam- 
bridge as assistant demonstrator in experimental 
physics in the Cavendish Laboratory in 1920, and, 
two years later, became sub-lector of Trinity 
College. From 1924 until 1936, Sir Edward occupied 
the Wheatstone Chair of Experimental Physics at 
King’s College, London, and during the subsequent 
three years was Jacksonian Professor of Natural 
Philosophy at Cambridge. In 1939, he was 
appointed secretary of the Department of Scientific 
and Industrial Research, which position Sir Ben 
Lockspeiser, M.A., F.R.S., is to take up as from 
May l. Sir Edward was elected a Fellow of the Royal 
Society in 1927, at the age of 35, and was created a 
K.C.B.in 1941. His early researches on the propa- 
gation of radio waves, and particularly on their 
reflection and refraction, have been of fundamental 
importance in the development of radio techniques 
and in the field of radar. In acknowledgment of 
his work his name has been given to an ionospheric 
layer, though Sir Edward designated the layer he 
discovered: by the initial ‘‘ F,” thus enabling layers 
discovered in the future, either above or below, to 
be named in sequence. Sir Edward is the President 
of the International Scientific Radio Union and was 
the recipient of the Hughes Medal of the Royal 
Society in 1933, of the Faraday Medal of the 
Institution of Electrical Engineers in 1946, and of 
the Nobel Prize for Physics in 1947. 


LLoyp’s REGISTER AND THE BririsH CORPORATION. 


It was announced on Monday, March 28, that the 
negotiations which have been proceeding for some 
time for the fusion of Lloyd's Register of Shipping 
and the British Corporation Register of Shipping 
have now been brought to a successful conclusion. 
The British Corporation, which was founded in 
1890 and has always had its headquarters in 
Glasgow, will cease to exist as a separate society 
and will be merged with Lloyd’s Register under the 
title of “‘ Lloyd’s Register of Shipping united with 
The British Corporation Register,” the British 
Corporation name being a sub-title. Lloyd’s 
Register is much the oldest classification society 
in the world and is the model on which all others 
have been formed. Originally established before 
1760, it was reconstituted in 1834, and, in the latter 
part of the Nineteenth Century, became a world-wide 
organisation. As a result of the fusion, there will 
be a certain amount of reorganisation of the com- 
mittees and British Corporation representatives will 
be introduced into the General, Local and Technical 
Committees of Lloyd’s Register. Similarly, nearly 
all the staff of the British Corporation will be merged 
with that of Lloyd’s Register on the same terms 
of service as are now enjoyed by the staff of the 
latter society. The publication of the British 
Corporation Register Book will be discontinued 
and particulars of the class and survey of British 
Corporation ships will appear in the next edition 
of Lloyd’s Register Book. Unified rules will be 
Prepared by Lloyd’s Register in due course. Natur- 
ally, some time must elapse before there can be 
complete fusion of the two organisations, but, in 


official of the British Corporation staff will be 
stationed at all principal offices. Inquiries and com- 
munications should be addressed to the office of 
Lloyd’s Register in each district affected. In the 
British Isles, the fusion of the two societies means 
that over 90 per cent. of the tonnage owned in 
this country will be to the class of the united society. 
Of the total of 2,115,000 gross tons of shipping 
under construction in the United Kingdom at the 
end of 1948, upwards of 94 per cent. is being built 
under the survey of the combined staff. 


NationaL Evecrricirry TARIFF. 


In April, 1948, the British Electricity Authority 
initiated a series of interim tariffs for the electricity 
supplied by them to the fourteen Area Boards. 
These tariffs, which were estimated to produce an 
aggregate revenue sufficient to cover the Authority’s 
expenditure on revenue account in respect of 
generation and main transmission, were based on a 
fixed charge of 31. 10s. Od. per kilowatt in respect 
of each point of supply and a running charge of 
0-335d. for each kilowatt-hour consumed. The 
running charge was subject to a variation in accord- 
ance with the cost of fuel. In addition, both fixed 
and running charges were subject to surcharges, 
varying from 3 to 10 per cent., in seven districts, 
and discounts, varying from 2 to 10 per cent., in 
five others, in order to avoid abrupt changes in the 
cost of supplies to the individual Area Boards, 
compared with the costs which their predecessor 
undertakings might have incurred. It is now 
announced that, as from to-day (Friday, April 1), 
these surcharges and discounts will be halved and 
that it is intended that they shall cease on Friday, 
March 31, 1950. On the latter date a uniform 
bulk supply tariff will therefore apply, subject to 
any variation in the respective areas under the fuel 
cost clause. A further step has thus been taken 
towards a standardised bulk supply tariff for the 
whole country. To explain the reason for the exist- 
ing discrimination, it may be recalled that, under 
Section 13 of the Electricity (Supply) Act, 1926, the 
owners of selected stations were entitled to receive 
electricity from the Central Electricity Board at a 
price not exceeding the costs they would have 
incurred by generating for themselves. In a given 
area the average price per kilowatt-hour supplied 
might, therefore, have been less or more than that 
determined by the grid tariffs, depending on the 
extent to which advantage was taken of this section. 


Tue LiverPoot Steam Sure Owners’ 
ASSOCIATION. 


Strong criticism of the Government’s taxation 
policy in respect of the funds which should be 
** ploughed back ” into business is a feature of the 
annual report for 1948 of the Liverpool Steam Ship 
Owners’ Association, which was presented at the 
annual general meeting on March 8. At the begin- 
ning of 1949, according to the report, the members 
of the Association owned in all 4,178,523 gross tons 
of shipping; at the beginning of 1948, the total 
was 3,857,100 tons, and at the beginning of 1945, 
when the liner companies began to take steps to 
replace their war losses—more than 50 per cent. 
of the tonnage which they had owned at the out- 
break of war in 1939—the total was 2,706,870 tons. 
The money received from war-risk insurances was 
not sufficient to pay for these replacements, but 
funds put aside for depreciation in past years made 
up the difference. This source, however, is no 
longer available for the replacement of tonnage 
now becoming obsolescent, because of the policy of 
taxing as “‘ profits ” the money allocated to reserves ; 
the total rate of taxation on these reserves is now 
in excess of 10s. in the £, and what remains is not 
sufficient to meet the present high cost of new 
tonnage, which, in the case of the smaller types of 
liner, is three times the pre-war figure. Exception 
is taken, also, to the Board of Trade method of 
computing the export trade of the country. In the 
1947 report, the Association arrived at the con- 
clusion that exports in 1947, other than coal, were 
no more than 90 per cent. by weight of those in 
1938, whereas the Board of Trade, making their 
comparison by volume, claimed that the figure was 
108 per cent. For 1948, the Board of Trade figure 
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is 147 per cent. of the total in 1938, but the Asso- 





ciation’s comparative figure is 109 per cent. The 
Association claimed a year ago that their criterion 
of measurement gave a truer picture of the position 
than does the Board of Trade comparison, and they 
now affirm this belief on the basis of the 1948 
returns ; in brief, it is their contention that “ true 
progress is to be measured by reference to the 
volume of trade, and not its value.” They maintain 
that the great increase last year in the value of 
exports is a disquieting feature, because it signifies 
that the costs of production are being forced to a 
dangerously high level, which will serious 
obstacle when the seller’s market disappears. The 
report shows that there are now 63 member-firms in 
the Association, owning 584 ships; but that only 
49 of the firms actually own ships at the present 
time, 41 of these being engaged in foreign trade and 
the remaining eight in coasting services. In point 
of gross tonnage owned, Cunard White Star, Limited, 
head the list with 18 ships of 453,578 tons gross, 
Alfred Holt and Company ranking second with 
50 ships of just under 400,000 tons gross, and Clan 
Line Steamers third, with 42 vessels of 312,415 tons. 


Lonpon TRANSPORT PREPARATIONS FOR 1951 
FEsTIVAL. 


Additional escalators at Waterloo and Charing 
Cross Underground stations are to be built at a total 
cost of 450,000/. for handling the large passenger 
traffic in connection with the Festival of Britain in 
1951. It is expected that up to 100,000 people daily 
will visit the Exhibition, the site for which is on the 
south bank of the Thames, adjacent to Waterloo 
Station. Many of these visitors will travel by 
London Transport Underground trains. Work was 
started last week on the construction of a group of 
three escalators, 114 ft. long, between Waterloo 
tube station and the Exhibition grounds. The 
escalators will rise from a point near the foot of the 
present escalators to the main-line Southern Region 
station. They will pass beneath York-road and 
come to the surface on the Exhibition site, at the 
corner of Jenkins-street and the south side of 
York-road. A new booking-hall will be built at 
the top of the escalators, with entrances to the 
Exhibition and to York-road. The escalators, 
which will cost about 300,0001., will ease conditions 
for regular travellers, as wll as handling the 
thousands of visitors to the Exhibition. Work on 
two new escalators at Charing Cross Underground 
station will be commenced in a few weeks’ time. 
These escalators will provide passengers with a 
direct route from the existing booking-hall down to 
the escalators which already serve the Northern 
and Bakerloo lines. At present, passengers for 
these lines are obliged to proceed via the District 
line platforms, and the new escalators are intended to 
obviate the congestion which the Exhibition traffic 
would create on these platforms. The existing 
stairway on the Victoria Embankment to Hunger- 
ford Bridge is to be taken down and rebuilt in a 
different position to make room for the escalators, 
and two new exits will be constructed at the east 
end of Charing Cross District-line platforms. 


APPOINTMENTS TO INDUSTRIAL RESEARCH 
Boarps. 


On March 30, the Department of Scientific and 
Industrial Research issued a list of newly appointed 
members of various Research Boards operating 
under the wgis of the Department. The new 
members of the Building Research Board are Mr. 
C. W. D. Rowe, C.B., M.B.E., T.D., D.L., managing 
director of the London Brick Company and a former 
member of the Board; Mr. B. Sandercock, O.B.E., 
member of the executive council, Amalgamated 
Society of Woodworkers, and Mr. R. M. Wynne 
Edwards, 0.B.E., D.S.O., M.C., M.I.C.E., of Messrs. 
Richard Costain, Limited, and formerly director of 
constructional plant, Ministry of Works. Three 
chemists have been appointed to the Chemistry 
Research Board, namely, Professor M. G. Evans, 
D.Sc., F.R.S., of the Department of Physical Chemis- 
try, University of Manchester; Dr. H. W. A 
Thompson, F.R.S., lecturer in chemistry, University 
of Oxford; and Dr. F. Roffey, F.R.LC., of the 
Distillers Company, Limited. Three new members 
have also been appointed to the Forest Products 
Research Board; they are Colonel A. H. Lloyd, 
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O.B.E., M.C., T.D., of the Imperial Forestry Insti- 
tute, Oxford; Mr. H. J. Nuttall, director, Thomas 
White and Son, Limited ; and Mr. V. A. M. Robert- 
son, C.B.E., M.C., M.LC.E., M.I.Mech.E., chief 
civil engineer, British Railways, Southern Region. 
Three new members are also to serve on the Fuel 
Research Board, namely, Dr. R. Holroyd, research 
manager, Billingham Division, I.C.I. Limited ; Sir 
Charles Ellis, Ph.D., F.R.S., scientific member of 
the National Coal Board; and Sir Cyril Hinshel- 
wood, Se.D., F.R.S., Professor of Chemistry, Univer- 
sity of ‘ord. One new member is to join the 
Mechani@® Engineering Research Board, he is Dr. 
C. Dannatt, M.I.E.E., chief electrical engineer and 
director, Metropolitan-Vickers Electrical Company, 
Limited, who takes the place of the late Mr. D. B. 
Hoseason. With the exception of Dr. R. Holroyd, 
who is to serve three years, all the appointments are 
for four years. Members are not paid for their 
services ; only their actual expenses are refunded. 
They serve on the Boards as individuals and not as 
representatives of any organisation or body with 
which they may be connected. 





HAVILLAND JET-PROPELLED AIRLINER 
D.H.106. 


Some interesting information has just been released 
by the de Havilland Aircraft and Engine Companies 
regarding the D.H.106, their projected pure-jet 
airliner. This aircraft is intended for express 
services on the trunk routes of the British Common- 
wealth, but will be suitable also for inter-continental 
services. It will be a low-wing monoplane with 
moderate sweep-back and will be fitted with a tri- 
cycle-type undercarriage, the main units of which 
will retract outwards while the nose wheel will be 
steerable. The main controls will be power- 
operated and thermal de-icing equipment will be 
installed. It will be propelled by four de Havilland 
Ghost turbo-jet units, each of which will give a 
static thrust of 5,000 lb. and, on this basis, the 
cruising speed should be in the neighbourhood of 
500 miles a hour. The engines will operate on 
paraffin and because of the large quantities required, 
an under-wing pressure re-fuelling system will be 
fitted so as to facilitate servicing of the aircraft ; 
arrangements will be made, however, to jettison the 
fuelin an emergency. High speed, however, will not 
be obtained at the expense of slow-flying qualities, 
as the wing loading will be less than that for some 
conventional propeller-driven airliners and the 
machine will not require exceptionally-long run- 
ways. The D.H.106 will carry a crew of four and 
up to 36 passengers, who will be accommodated in 
reclining armchairs. They will fly at an altitude of 
some 40,000 ft, at which height the cabins, control 
rooms, etc., will be pressurised to a differential 
pressure of 8} lb. per square inch, nearly double that 
employed in existing aircraft. Sixteen of these 
aircraft are being built, two for the Ministry of 
Supply and the remainder for the British Airways 
Corporation. Production of this number has been 
arranged directly from the design stage, a policy 
which will afford a substantial saving of time for 
the complete project. If no unforeseeable delay 
occurs, the first machine should fly this year, but 
none is likely to go into service before 1952. 


THE DE 





THE INSTITUTION OF METALLURGISTS.—The next 
examinations for the licentiateship and associateship 
of the Institution of Metallurgists will be held in Septem- 
ber. Candidates must submit their applications, for 
permission to enter the examinations, to the registrar- 
secretary of the Institution, 4, Grosvenor-gardens, 
London, 8.W.i, before June 1. 





“THE MACHINERY MARKET.”’—The 70th anniversary 
of the first publication of our contemporary, The 
Machinery Market, was celebrated on Friday, March 25, 
by a dinner and dance held at the Savoy Hotel, London. 
Mr. Robert Wadham, A.M.I.Mech.E., chairman of the 
company, presided over the gathering, which numbered 
about 130, and responded to the toast of “‘ The Machinery 
Market,” proposed by Mr. J. E. Raistrick, A.M.I.Mech.E. 
The only other toast, that of “‘ Our Guests,” was proposed 
by Mr. A. Edwin Culley, A.C.G.I., A.M.1.C.E., the editor 
of The Machinery Market, and acknowledged by Mr. J. 
Foster Petree, after which dancing, interspersed with a 
cabaret entertainment, continued until a late hour. 





LETTERS TO THE EDITOR. 


BRITTLE FRACTURE IN MILD- 
STEEL PLATES. 
To THE Eprror OF ENGINEERING. 

Sir,—In his reply to the discussion on his paper 
submitted to the Conference on Brittle Fracture in 
Mild Steel Plates, Professor Baker is quoted on 
page 606 of your issue of December 24, 1948, as 
having said: ‘‘ Whatever we do in refining design, 
we shall never be happy when building steel struc- 
tures if we cannot depend on the ductility of the 
material. Few realise how approximate are the 
structural engineer’s design methods; I am not 
referring now particularly to ships, but to all struc- 
tures. The structural engineer to-day is trading, 
and will for a long time to come, on the good nature 
of the steel. If we were able to substitute for steel 
in our existing structures a material of the same 
tensile strength but of a more brittle quality, there 
is little doubt that a large proportion of the struc- 
tures would collapse in service. This question of 
brittle fracture or brittle tendency in mild steel, 
therefore, is of extreme practical importance, and 
we cannot avoid it by paying more attention to 
design.” 

There will be general agreement with this state- 
ment. In ordinary structural practice, so far as 
steel is concerned, the obvious method of securing 
sufficient ductility is to see that the ultimate 
strength is sufficiently greater than the yield stress 
to make it possible for plastic relief of stress to take 
place without the structure being endangered. 
Unfortunately, no such precautions form an 
explicit part of ordinary design rules. Untilrecently, 
the ultimate strength of the material was the basis 
of design, and the factor of safety was relied on to 
keep the normal working stress sufficiently below 
the yield stress. A code of practice on this basis 
did not distinguish between two steels having the 
same ultimate strength, although one had a higher 
yield stress than the other. Complaints arose that 
this unfairly penalised the high yield-pcint steel, 
and where the use of such steel could effect an 
important reduction in weight the yield stress was 
substituted for the ultimate strength, with an 
adjusted factor of safety. Nowadays the yield stress 
is widely used asa basis for design. This procedure 
is open to the same kind of objection as is the use 
of the ultimate strength. It does not distinguish 
between two steels having the same yield point but 
different ultimate strengths. It is also a dangerous 
basis. The older procedure discouraged the use of 
steels having yield stresses which were high relatively 
to their ultimate strengths, and where the yield 
stress was exceeded by local or secondary stresses 
the structure adjusted itself by plastic yield without 
any danger of collapse. The new basis favours the 
use of steels with yield stresses as high as possible 
relatively to their ultimate strengths. There is, 
consequently, a tendency towards a diminished 
margin between the stress set up before plastic 
relief occurs and the ultimate strength of the 
material. To ensure that the yield stress will be 
exceeded in no part of a structure of ordinary com- 
plexity is generally quite impracticable. 

To quote one instance of design basis: in B.S.S. 
449 the maximum axial tensile stress for steels other 
than those to B.S.S. 15, B.S.S. 548 and B.S.S. 968 
is now given by the formula :— 

Permissible stress = f, = 0-59/f, (i.e. 0-59 times 

the yield stress). 

There is no restriction on how closely the yield 
stress may approach to the ultimate strength, and 
no warning that a close approach may be dangerous, 
The conclusion to be drawn seems to be that, as a 
basis for structural design, both the ultimate 
strength and the yield stress should be taken in 
account explicitly, so that the less expert and 
experienced designer cannot fail to give sufficient 
weight to either. 

There are many different ways in which these 
factors could be combined, for instance, by the 


formula :— 
Y + 
F= = (2 = =) 


where U = ultimate strength, Y = yield stress, and 








F = maximum permissible stress. This would give 
F == for Y = Uand F =~ for Y =U. 


My purpose, however, is not to put forward this 
or any other formula, but to suggest that, if the 
leaders in structural design agree broadly with the 
foregoing, as the quotation from Professor Baker’s 
paper would seem to imply, they would be doing a 
valuable service to their humbler brethren if they 
would use their influence to place structural design, 
as exemplified by standards, codes or regulations, on 
a sounder basis than that of the yield point. 

Yours faithfully, 
C. RoBERTson,. 
49, Tregunter-road, 
London, 8.W.10. 
March 24, 1949. 





ATMOSPHERIC POLLUTION. 
To THE Eprror oF ENGINEERING. 


Smr,—We have read the article in your issue of 
March 18, page 254, entitled ‘‘ Atmospheric Pollu- 
tion”’ and fear that some of the remarks therein 
may mislead your readers. You state that a phrase 
used in the Chief Inspector’s Report concerning the 
maintaining of an electrostatic precipitator in really 
good order ‘‘ may imply a standard of maintenance 
and supervision which are expensive to attain in 
day-in and day-out practical working.” This 
assumption is quite incorrect, for any electrostatic 
precipitator to-day, produced by the various firms 
skilled in this branch of industry, requires neither 
expensive maintenance nor skilled supervision, but 
merely reasonably intelligent care. 

Your article refers mainly to power stations and 
cement works, and to give some hard and fast 
facts relating to precipitator operation, we can cite 
plants in a large power station in Southern England 
where, over a period of a complete year, one pre- 
cipitator ran continuously with no outages; the 
second precipitator had one outage of 15 minutes 
during the same 12 monthly period, and on the 
third the circuit breaker opened once on overload 
during the same time. On these three precipitators, 
which are working on very difficult and abrasive 
grits, the total maintenance and repair charge 
amounted to only 0-27 per cent. of the capital cost 
over a period of four years, or 0-068 per cent. per 
annum. Similar excellent operating data are 
available for a great number of other power-station 
precipitators, and, in the case of cement works, a 
number of continuous runs have been recorded of 
from 12 to 15 months with no shutdown whatever. 

Another statement made in the latter part of the 
seventh paragraph refers to the advisability of inter- 
connecting the high-tension apparatus of precipita- 
tors where two or more sets are in operation, so that 
if one high-tension set should fail the others could 
be used to supply current to all the precipitators. 
This has been a standard practice for many years, 
and the first plant that we supplied with such inter- 
connections was placed in operation in 1934. _ Per- 
haps you will be good enough to correct the impres- 
sion which your article may have formed. 

Yours faithfully, 
STuRTEVANT ENGINEERING COMPANY, LIMITED. 
H. W. WaGNER, 
Director. 
Southern House, Cannon-street, 
London, E.C.4. 
March 24, 1949. 





CouRSE IN ENGINEERING METROLOGY.—A full-time 
post-graduate course in engineering metrology, extending 
over one academic year, will be provided in the College 
of Technology, Manchester, 1, commencing in October 
next. The course will deal with the science and practice 
of measurement in relation to engineering products and 
the machine tools employed in production, and to indus- 
trial and scientific research. Candidates for admission 
to the course will require to possess a university degree 
in engineering, a Higher National Certificate in Mechani- 
cal Engineering, or other suitable qualifications. In the 
first year the number of admissions will be limited to 
about twelve. The course will be repeated in subsequent 
sessions as part of the permanent provision of the 
Department of Mechanical Engineering. Facilities for 
advanced study and research will also be provided. 
Further particulars may be obtained from the Principal 
of the College. 
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LIEUT.-COLONEL W. A. BRISTOW. 


Iv is with regret that we record the death of 
Lieut.-Colonel Whiston Alfred Bristow, which oc- 
curred in London on March 24. Lieut.-Colonel 
Bristow, who was 70 years of age, was a man of many 

rts; he was a pioneer in electrical engineering, in 
aviation, and also in the low-temperature carbonisa- 
tion of coal and the extraction of oils and chemicals 
from coal. Incidentally, he possessed a remarkable 
memory and an exceptional aptitude for assimilating 
technical and commercial detail. He was the eldest 
of a family of 19 children, and received his general 
education at the Central Foundation Schools, Fins- 
bury, London, afterwards studying mechanical and 
electrical engineering in the Central Technical Col- 
lege. In 1896, he became an apprentice in the 
works of the Lilleshall Company, at Wellington, and 
subsequently served as assistant engineer to Messrs. 
Mashers Brothers, London. In 1904, he was ap- 
pointed assistant engineer in the Rheinische Gas- 
motoren Fabrik, Mannheim, Germany, and then 
joined the Schorch Electrische A.G., at Diisseldorf. 
After spending some years in Germany, he returned 
home, and, in 1909, joined the staff of Messrs. Sie- 
mens Brothers’ Dynamo Works, Stafford, and later 
that of Messrs. Siemens-Schukert Werke, Berlin. 

In 1915, Bristow obtained a commission in the 
Royal Naval Air Service, rising to the rank of 
Commander, and was later transferred to the Royal 
Flying Corps, finally attaining the rank of Lieut.- 
Colonel. He was responsible for testing, in actual 
flight, many of the early aero engines for the 
R.N.A.S. and spent altogether 564 hours in the air. 
Subsequently he carried out much work in con- 
nection with the design, manufacture, and testing 
of magnetos. In the spring of 1919, Lt.-Col. Bristow 
was sent to the Peace Conference as one of the 
technical advisers of the British Delegation. On 
demobilisation, he joined the firm of Messrs. Ogilvie 
and Partners, aeronautical consulting engineers, and 
shortly afterwards the Handley-Page Airline, and 
subsequently, the Instone Airline were placed under 
his direction until 1924, when he handed over his 
charge to Imperial Airways Limited. For a number 
of years he was chairman of the Schneider Cup 
Committee. 

At the suggestion of the late Sir Samuel Instone, 
Lt.-Colonel Bristow became interested in low- 
temperature carbonisation in 1927, and, in less 
than ten years, he had established a flourishing and 
profitable industry. He was chairman and managing 
director of Coalite and Chemical Products, Limited, 
the British Diesel Oil and Petrol Company, Limited, 
and Doncaster Coalite Limited and the Derbyshire 
Coalite Company, Limited. He was chairman of the 
Low Temperature Coal Distillers Association of 
Great Britain, past President of the Association of 
Tar Distillers, and a member of Council of the Coal 
Utilisation Joint Council. Lieut.-Colonel Bristow 
was elected a Fellow of the Royal Aeronautical 
Society in 1919 and a member of the Institution of 
Electrical Engineers in 1920. He became a member 
of the Institution of Automobile Engineers in 1920 
and was transferred to membership of the Institu- 
tion of Mechanical Engineers in April, 1947. He 
was a past vice-president of the Institute of Fuel. 





MR. E. P. PAXMAN. 


WE also regret to have to record the death of Mr. 
Edward Philip Paxman, which took place suddenly 
at Colchester on March 25, at the early age of 47. 
Mr. Paxman, who was managing director of Davey, 
Paxman and Company, Limited, Standard Iron- 
works, Colchester, and a director of Ruston and 
Hornsby, Limited, Lincoln, was born on August 2, 
1901. He was a son of Mr. James N. Paxman, a 
millwright and a founder of the firm of Davey, 
Paxman and Company, and was educated at 
Oundle School. He then went up to St. John’s 
College, Cambridge, in 1920, where he graduated in 
1923 in the Mechanical Science Tripos and obtained 
the M.A. degree in 1927. He served his apprentice- 
ship with the Metropolitan-Vickers Electrical 
Company, Limited, and also received training with 
Messrs. Blackstone and Company, Limited, Stam- 








ford. In 1926, Mr. Paxman joined his father’s 
firm as manager of the Diesel-engine department and 
four years later was appointed chief engineer. In 
1932, he was made joint managing director and 
later became sole managing director. In February, 
1940, Messrs. Ruston and Hornsby, Limited, 
Lincoln, acquired the whole of the share capital 
of Messrs. Davey, Paxman, but the business con- 
tinued, as previously, under the managing director- 
ship of Mr. E. P. Paxman, who was elected a director 
of the parent company in 1943. 

Mr. Paxman made a number of interesting contri- 
butions to Diesel-engine design and application. 
Among other pioneer work associated with his 
name was the use of exhaust-pressure turbo-charging 
for power-station Diesel engines and the develop- 
ment of welded engine-frames, as fitted in the ‘‘ U ”’- 
class submarines. He was closely concerned in the 
Admiralty’s programme of development of high- 
duty high-speed engines, a work which was pre- 
ceded by several technically important installa- 
tions including the propelling engines of the motor 
yacht Tarret, the forerunner of some notable high- 
speed craft built during the war. On pioneer 
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work of this kind was based the considerable use 
made during the war of engines of light-weight 
high-speed type for tank-landing craft and other 
vessels. Mr. Paxman also took a leading part in 
the development of Diesel-electric propulsion for 
ships, and this system was fitted in the vessels 
Lochfyne, Lochnevis, the Thames tug Sir Montagu, 
the River Forth ferries Queen Margaret and Robert 
the Bruce and, quite recently, dredgers for the 
Mersey Docks and Harbour Board. Mr. Paxman 
was in the forefront of his company’s productive 
effort during the years 1939-45, and did much to 
initiate speedy and efficient methods of manufacture, 
testing and overhaul of large numbers of engines. 
He helped to initiate the production of engine com- 
ponents in ‘‘shadow” factories and the final 
assembly and testing in two main factories of large 
numbers of engines for tank-landing craft. 

Mr. Paxman was a member of the Council of the 
British Internal-Combustion Engine Manufacturers’ 
Association, a founder member and chairman of 
the Council of the British Internal-Combustion 
Engine Research Association, and a member of the 
Grand Council of the Federation of British Industries. 
He was elected Master of the Worshipful Company 
of Farriers in 1948 and was also a Fellow of the 
Royal Society of Arts. Mr. Paxman was for many 
years a member of the Institute of Marine Engineers, 








and was elected a member of the Institution of 
Mechanical Engineers in 1942. 








THE INSTITUTE OF 
METALS. 


Tue forty-first annual general meeting of the 
Institute of Metals opened on the morning of Wed- 
nesday, March 30, and will be concluded after a 
morning session to-day, April 1. The first session 
was held at the Institution of Mechanical Engineers, 
London, with the past-President, Sir Paul Gueter- 
bock, in the chair, in the absence, owing to illness, 
of the President, Sir Arthur Smout. 


REPoRT OF COUNCIL. 


The first matter to be dealt with was the report 
of the Council for the year ended December 31, 1948. 
This indicated that the members on the active list 
of the Institute, on December 31 last, totalled 3,326, 
as compared with 3,179 on December 31, 1947, and 
2,980 on December 31, 1946. The Council reported, 
with regret, the deaths of three original members of 
the Institute, namely, Sir William Murray Morrison, 
Mr. Cyrus Braby and Mr. Arthur Titley, and of 
13 other members, including Dr. C. W. Balke, Mr. 
Harry Brearley, Mr. R. Lloyd Gibbins and Sir 
Clifford Paterson. - The standard of the Institute’s 
publications had been well maintained and the 
volume of matter published had continued to 
increase. The usual Institute meetings had been 
held during the year and the local sections con- 
tinued to provide a valuable service for members ; 
they had had good programmes and their meetings 
had been well attended. The Metal Physics Com- 
mittee had met regularly and it was organising a 
one-day symposium on “‘ Metallurgical Applications 
of the Electron Microscope,” to be held in London 
in November, 1949; another symposium on “ The 
Hot-Working of Non-Ferrous Metals”’ was being 
organised for the annual general meeting of 1950. 
The Council had resolved to recommend to the 
members that, as a rule, the President should hold 
office for one year only, and they proposed to make 
known each year not only their nominee as President 
for the subsequent year but also their nominee as 
his successor. The change would permit a member 
to give full attention to the President’s obligations 
for a limited time, and, of course, would allow a 
greater number of members to hold office. In 
addition, the next to serve, who would rank as 
senior vice-president, would have a year in which 
to obtain an intimate knowledge of the Institute’s 
affairs before he took office, and would act for the 
President in his absence. 


Honorary TREASURER’S REPORT. 


The report prepared by the honorary treasurer, 
Mr. W. A. C. Newman, showed that the income for 
the financial year ended June 30, 1948, amounted 
to 13,4721., and the expenditure to 12,5891., thus 
showing an excess of income over expenditure for 
the year of 8831. In the previous year, expenditure 
had exceeded income by 2,8161., which the Council 
had met by a transfer from the War-Time Emer- 
gency Fund. In addition, the Council had sug- 
gested the raising of the subscription, which 
accounted for most of the increase in the income. 


ELECTION OF OFFICERS. 


As required by the Articles of Association, the 
following officers now retired from the Council : 
as President, Sir Arthur Smout ; as vice-presidents, 
Professor G. Wesley Austin and Mr. W. F. Brazener ; 
and as members of Council, Major C. J. P. Ball, 
D.S.O., Dr. L. B. Pfeil, and Dr. C. J. Smithells, M.C. 
To fill these vacancies the Council had nominated, 
at the Autumn Meeting held in Cambridge in 
September, 1948, as President, Sir Arthur Smout, 
as vice-presidents, Major C. J. P. Ball and Dr. C. J. 
Smithells, and as members of Council, Mr. E. A. 
Bolton, Mr. C. H. Davy and Dr. A. G. Quarrell. 
No other nominations having been received, these 
gentlemen were now declared duly elected for the 
year 1949-50. The secretary also reminded mem- 
bers that Mr. H. W. G. Hignett, who had been 
nominated to fill a casual vacancy on the Council 
occasioned by the resignation of Dr. Bruce Chalmers, 
had been renominated by the Council and would be 
deemed to be elected unless the names of other 
candidates were put forward before the conclusion 
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of the present meeting. The chairman then an- 
nounced that Professor Leslie Aitchison had resigned 
from the Council for reasons of health and that a 
member would be nominated to replace him. 
Finally, the recommendations of the Council, rela- 
tive to limiting the term of office of the President to 
one year and to the nomination of a senior vice- 
president, were put to the meeting, the chairman 
adding that the Council had elected as their first 
senior vice-president, Mr. H. S. Tasker, B.A., and 
asked the meeting to approve this nomination also. 
The resolution was carried unanimously and Sir 
Paul Gueterbock then invited Mr. Tasker to take 
the chair. 
Tue Puatinum MEpAL. 

Mr. Tasker’s first announcement was that the 
Institute’s Medal in platinum for 1949 had been 
awarded to Dr. W. Hume-Rothery, F.R.S., in 
recognition of his outstanding services to the science 
of non-ferrous metallurgy. In presenting the 
medal, Mr. Tasker read out a statement which the 
President, Sir Arthur Smout, had prepared, and in 
which he had written that Dr. Hume-Rothery had 
been elected a Fellow of the Royal Society at a com- 
paratively early age and that his work had covered 
a wide field in the study of the structure of alloys. 
He had set up a new standard in the determination 
of the phase diagrams of alloys by scrupulous atten- 
tion to the purity of the metals used and the means 
of alloying without introducing extraneous im- 
purities, by the accurate measurement of tempera- 
ture, and by combining examination by X-rays and 
by the microscope with the use of thermal methods. 
This combination of methods in the hands of one 
investigator was very rare; perhaps it arose from 
the fact that Dr. Hume-Rothery was originally a 
chemist, and had adopted physical methods subse- 
quently. From an examination of a number of 
alloy systems, selected according to the position of 
the component metals in the Periodic Table, he had 
arrived at certain generalisations, now widely known 
as the ‘‘ Hume-Rothery rules.” His work on The 
Metallic State, published by the Oxford University 
Press, and his well-known Institute of Metals mono- 
graphs were standard works. Dr. Hume-Rothery 
had not only made brilliant contributions to scientific 
knowledge, but, what was of equal importance, he 
had trained men to follow in his steps. 

In thanking the chairman and members for the 
honour which they had conferred upon him, Dr. 
Hume-Rothery recalled that 23 years had elapsed 
since he had read his first paper before the Institute. 
The award of the Medal would be a great encourage- 
ment to the work of his colleagues and himself at 
Oxford, because, only in the present year had 
metallurgy been accepted by the University authori- 
ties as an official subject ; previously it had been 
taken as an unofficial one. Sometimes, criticism 
had been levelled against the manner in which 
university research work was conducted, but he 
felt that although there was still room for improve- 
ment, on the whole there was much to be said for 
the general methods now in use. He regarded the 
Medal as having been awarded not only to himself 
but also to the team of enthusiastic young men who 
had carried on metallurgical research at Oxford, 
among whom were Dr. P. W. Reynolds and Dr. 
G. V. Raynor. 

Before proceeding to the discussion of the papers 
on the agenda, the chairman made three final 
announcements. The first was that the 1949 May 
Lecture would be delivered by Sir Edward Appleton, 
G.B.E., F.R.S., in London, on May 25. The second 
was that the Autumn Meeting of the Institute would 
be held in Paris from October 3 to 10, and the 
third, that the provisional date of the all-day 
symposium on “ Metallurgical Applications of the 
Electron Microscope,” which was to be held in 
London, was November 16. 

(To be continued.) 





Lite@E INTERNATIONAL Fair.—The first Liége Inter- 
national Fair will be held from April 30 to May 15, at 
the same time as the 23rd Brussels International Fair. 
The four main sections of the Liége Fair are mining, 
metallurgy, and mechanical and electrical engineering. 
Further information regarding the Fair, its organisation, 
and other matters of interest, may be obtained on applica- 
tion to the Foire Internationale de Liége, Visitors’ Depart- 
ment, 32, Boulevard de la Sauveniére, Liége, Belgium. 
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RADIO CONTROL OF 
MARSHALLING-YARD TRAFFIC. 


THE greater part of the British railway-borne freight 
and coal traffic from the North and Midlands to the 
Eastern Counties and parts of London is dealt with 
at a large marshalling yard on the Eastern Region 
system at Whitemoor, near March, in Cambridgeshire. 
This yard is made up of ten reception roads, into which 
the train is hauled by its own locomotive. The loco- 
motive is then detached and run into a siding, and 
is replaced by one of four Diesel-electric shunters at 
the rear of the train. The train is now uncoupled 
and divided into “ cuts” of one or more wagons by 
a shunter, and its “make-up,” with regard to the 
ultimate destination of these wagons, is forwarded 
on a “cut card” to a control tower, from which the 
marshalling operations are controlled. The train is 
next pushed by the Diesel-electric locomotive up a 
single track with a gradient of 1 in 50 to the crest 
of a “ hump,” down which the “ cuts ” of wagons run 
on a gradient of 1 in 18, separating out as they do so. 
At the bottom of the hump the single track splays out 
into four, on each of which is a hydraulically-operated 
retarder. These retarders serve to check the 
of the wagons descending the hump and ensure that 
they enter one of the 40 dispatch sidings in safety and 
without damage to other wagons which may be there 
already. Control of these movements is effected by an 
operator in the tower, who sets up a “‘ describer ” from 
the information given on the ‘cut card” for the 
first seven movements required. As the first cut 
descends the hump, the appropriate retarder is brought 
into action by a second operator, and, when it has 
passed over the appropriate points, which have been 
set by the “ describer,” these are restored and those 
for the second cut are set automatically. Fresh trains 
are thus made up in the dispatch sidings and are 
hauled to their destinations in the ordinary way. The 
arra: ent enables a maximum of 3,000 wagons to 
be dealt with in the 24 hours. 

The successful conduct of these operations depends 
upon close co-operation between the operators in the 
control tower, the yard foreman, whose cabin is at the 
top of the hump, and the locomotive crews. The latter 
have several duties to carry out, in addition to 
“humping,” an operation which is controlled by a 
bigs sme signal indicating ‘‘ go forward smartly,” 
“go forward at normal s ” and “stop.” They 
may have to return to the reception sidings to deal 
with other trains, or to the marshalling sidings to 
| wee wagons towards the exit or to move them to or 

om the transit shed. Further, they may sometimes 
be needed to move “ under-runners ” to wagons with 
overhanging loads. Hitherto, the necessary instruc- 
tions to the engine drivers for all these purposes have 
been conveyed by messenger, megaphone, or loud- 
speaker, all methods which may be wasteful of time or 
lead to confusion. It is therefore interesting to learn 
that they have been replaced experimentally for the 
first time in this country by radio-telephone equipment 
as part of an extensive programme of trials sponsored 
by the Railway Executive. This equipment consists 
essentially of a fixed transmitter/receiver station in the 
control tower, which is remotely controlled from the 
foreman’s cabin on the hump, and mobile equipment 
on each of the four Diesel-electric locomotives. Trans- 
mission takes place normally between the foreman’s 
cabin and the shunting engines, but the point con- 
troller in the control tower can break in and communi- 
cate directly with the engines in cases of emergency. 

The fixed station equipment, which was supplied 
by Messrs. Pye, Limited, Cambridge, consists of a 
receiver chassis and an alternating-current power pack 
chassis, which are mounted on a common panel along 
with a 6}-in. moving-coil loudspeaker. The circuit 
embodies two radio frequency amplifier stages, followed 
by a mixer and two multipliers. These, in turn, are 
followed by three intermediate-frequency amplifiers, 
a double-diode signal and automatic gain-control 
rectifier, a noise limiter, audio-frequency amplifier and 
output circuit, a four-valve muting circuit and a high- 
tension rectifier, incorporating a total of 17 valves. 
The sensitivity of the equipment is better than 0-5 
microvolt and the signal/noise ratio is about 20 decibels 
at 2 microvolts. A practically constant output over 
all usable levels of signal input is obtained by the use 
of automatic gain control. The transmitter, which 
also forms part of the fixed station equipment, employs 
10 valves in a crystal-oscillator multiplier, second 
multiplier, drive amplifier, radio-frequency amplifier, 
microphone amplifier and modulator, and high-tension 
rectifier. The transmitter is pre-set to work on a 
frequency of 85-425 megacycles per second and delivers 
12 watts power output to the aerial, which is mounted 
hecheoataly on a metal mast secured by two sets of 
brackets to the chimney stack of the control tower. 
The changeover from transmission to reception is 
effected by relays, which are controlled either from the 
panel or from the remote control unit in the foreman’s 
cabin. All this equipment is mounted alongside the 





point controller’s desk. The microphone is on the 
desk itself so as to ensure that an emergency trans. 
mission can be made in a minimum time. 

The remote-control unit, by means of which, as 
already mentioned, shunting instructions are given from 
the foreman’s cabin, consists of amplifiers for the 
incoming and outgoing speech circuits and a power. 
supply unit. A microphone and loudspeaker are also 
provided. Although this equipment is installed inside 
the cabin, shunting is normally controlled from out. 
side, the foreman standing about 2 ft. from the track 
to enable him to check the wagons as they pass over 
the hump. To assist him to carry out these duties 
and to give him considerable freedom of movement, a 
standard hand micro-telephone is provided with a 
pressel switch for operating the transmit/receiver switch, 
As the outer wall of the cabin is about 6 ft. from 
where the foreman stands during shunting, the con. 
necting cable is carried on a swivelling arm. When 
not in use, the hand set rests on a switch hook, and 
when it is lifted off this hook the loudspeaker is dis. 
connected. 

The installation on the locomotives presented some 
difficulties owing to the restricted space available. 
The transmitter, receiver, amplifier and power unit, 
which weigh about 40 lb., are therefore assembled on 
a sprung cradle and are fitted in a case which is sus- 
pended from the roof of the cab. The receiver embodies 
11 valves, the circuit comprising a radio-frequency 
amplifier, mixer, oscillator-multiplier, second multiplier, 
three intermediate-frequency amplifiers, a double-diode 
detector and automatic volume-control rectifier, 
double-diode noise limiter, audio-frequency amplifier 
and output stage. The transmitter employs ten valves, 
consisting of an oscillator-multiplier, second multiplier 
and drive, and power amplifiers. Modulation to the 
transmitter is applied to the power-amplifier stage 
through a transformer, which is supplied with audio. 
frequency power at a low impedance from the amplifier 
unit. The power unit contains the rotary transformers 
for producing the high-tension supplies for the asso. 
ciated units. The equipment is supplied with current 
at 12 volts from a 110-ampere-hour battery. This is 
charged by a rotary transformer, which is supplied 
from the 80-volt starting battery of the locomotive. 

The loudspeaker is centrally mounted on the under. 
side of the cab roof, and, as the locomotives can be 
driven from either side of the cab, the microphone and 
switch control have been made readily accessible from 
both positions. This has been effected by attaching 
the switch unit and the hand-type microphone to 
brackets on the electric tachometer, so that they can 
be swivelled to face either side of the cab. The control 
unit is used to switch in the equipment, to place the 
receiver alone in circuit, so that a listening watch is 
maintained, and to provide normal two-way communi- 
cation. In addition, a three-position volume-control 
switch is fitted to control the volume on the loud- 
speakers. 





BRITISH EUROPEAN AIRWAYS SERVICES.—A new ser- 
vice from London direct to Disseldorf is to be introduced 
by British European Airways on Monday, April 4. On 
April 11, two further new B.E.A. services, one linking 
North and South Wales and another, between Manchester, 
Birmingham and Paris, will be inaugurated. 





CONFERENCE ON CUPOLA AND CONVERTER REFRAC- 
TORIES.—The British Iron and Steel Research Associa- 
tion, in arranging a conference on the subject of “‘ Cupola 
and Converter Refractories,” to be held at Ashorne Hill, 
near Leamington Spa, on May 12and13. The chairman 
will be Dr. A. H. B. Cross, and the conference will deal 
broadly with the influence of design and operation 
factors on the wear or consumption of refractories in 
foundries. Further particulars may be obtained from 
the Association, 11, Park-lane, London, W.1. 





Monp NICKEL FELLOwSsHIPs.—<Applications for the 
award of Mond Nickel Fellowships are being invited for 
the current year. Awards will be made to selected appli- 
cants of British nationality educated to university degree 
or similar standard, though not necessarily qualified in 
metallurgy, who wish to undergo a programme of training 
in industrial establishments. They will normally take the 
form of travelling fellowships, but awards for training at 
universities may be made in special circumstances. 
There is no age limit though awards will seldom be 
given to persons over 35 years of age. Each fellowship 
will occupy one full working year. The committee hope 
to award up to five fellowships each year of an average 
value of 7501. each. Applicants will be required to 
state the programme of training in respect of which they 
are applying for an award, as well as to give particulars 
of their education, qualifications and previous career. 
Further particulars and forms of application can be 
obtained from the secretary, Mond Nickel Fellowships 
Committee, 4, Grosvenor-gardens, London, S.W.1. Com- 
pleted application forms must reach the secretary of the 
committee not later than June 1, 1949. 
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ti ; i DELIVERY-RATE ANALYSER FOR 
ans. INJECTION-RATE ANALYSER FOR DIESEL ENGINES. DIESEL-ENGINE INJECTION 
SYSTEMS. 
» as In the course of research work on Dies el engines, 
res information is required frequently on the process of 
the fuel injection, and in many instances it is essential to 
aa know, not only the quantity of fuel delivered to the 
rid engine cylinder and the duration of injection, but how 
side the delivery rate varies during the injection period. ‘ 
ee In order to measure this variation, the Thornton 
ack Research Centre of the “ Shell ’’ Refining and Marketing 
pn Company, Limited, have evolved apparatus which is 
a capable of ascertaining the proportions of the total 
de charge delivered during each degree of pump rotation. 
' . A general view of the apparatus, which is known as 
on the Thornton delivery-rate analyser, is given in Fig. 1, 
_ on this page, where it is shown set up on a Hartridge test 
“yn bench for investigations on a C.A.V. single-cylinder 
_ injection system. It consists basically of a flanged 
mm disc fitted to a shaft coupled in tandem with a single- 
r element fuel pump. Part of the inner circumference 
' of the flange is divided into 45 compartments separated 
‘le, from each other by knife edges spaced at intervals of 
t 1 deg. The knife edges can be seen in Fig. 3, on this 
_ page, which shows a Gardner injector set up ready for 
be testing. The knife edges face the axis of the disc and 
~sq each compartment is provided with a removable col- 
xn lector pocket. The injector is fitted so that its nozzle 
rm is close to the path of the knife edges, and it is adjusted 
i Hi so that the discharge from one hole is directed towards 
tH the pockets. It will be obvious that, as the disc 
i ‘ rotates, each compartment will receive the fuel dis- 
4 charged during one degree of rotation, the fuel subse- 
lier quently being thrown by centrifugal force into the 
the appropriate pocket. Each pocket, however, is provided 
with a wad of blotting paper which absorbs the fuel so 
1 that the quantity collected by each compartment can 
Ger be determined by weighing the pockets, together with 
_ , . . : the wad, before and after the test. Some of the pockets 
~< Fie. 1. GENERAL VIEW OF APPARATUS. Fie. 2. CoLt~Eector Pockets aNnD Paps. and associated wads can be seen in the foreground of 
nl Fig. 2, which shows the apparatus partly dismantled. 
+" In order to ensure that there is sufficient fuel in each 
ied pocket for accurate weighing, the test is made over a 
: number of injections, it being possible to collect just 
“ over half a gramme in a single pocket before the wad 
# is saturated. Obviously, if the test continues beyond 
on the saturation point of the wad, free liquid fuel will 
- be present in the pockets which will be lost when 
™ Yi, the disc is stopped, but the number of injections re- 
rod Hf Whit, ~~ quired to bring about this condition varies from 100 to 
Se ffi 400 cycles, according to the rack setting and speed. 
“ae pr” a When a test is made with a multi-hole nozzle, the 
Hh ‘ end of the injector is fitted with a shroud which has a 
is narrow slot through which the spray from one hole 
ni- is directed into the pockets, the discharge from the 
rol remaining holes being retained within the shroud and 
ad. drained away separately. The slot in the shroud is 
fitted with a shutter so that the fuel delivery to the 
collectors can be cut off at will. The shutter is con- 
trolled by a trip mechanism by means of which it can be 
er- held open for any required multiple of 100 injections. 
ed During early tests, however, it was found that the fuel 
On trapped within the shroud splashed to such an extent 
ing that some was entrained in the jet undergoing test 
er, end collected in the pockets. As a consequence, the 
shroud and corresponding receiver were maintained at 
ettitiiiacitien |a pressure slightly below atmospheric, an arrangement 
\C- x - , 3 | a ae | which proved entirely satisfactory in overcoming this 
ja- Fic. 3. Entarcep Virw oF Szparatine Knire-Epons. trouble. The injectors illustrated in Figs. 1 and 3 are . 
ola % a5 both fitted with shrouds, the drain pipe being clearly 
ill o ~e* r - on BS: —. visible in the latter illustration. 
an | } | ’ It is considered sufficiently accurate to determine the 
pal | | | | . weight of fuel collected within each pocket to +5 mg., 
on A. | | 4 F acted which is approximately 1 per cent. of the maximum 
in 0-6 = f ; 4 O6}— — = quantity which can be collected. The pockets are 
ym. | oe 5 | weighed, therefore, on a rough chemical balance 
. | la $ | which has been modified by the addition of a variable- 
x | \ } 8 length chain counterpoise so that rapid weighings may 
S'0-s\— + 4 £5} } -~ + be made. Since no similar apparatus is available at 
he ol WT) | 9 f | present to provide a standard by which the performance 
“4 ~) | 6 | of the analyser can be gauged, it is impossible to define 
- =f | | " | the limits of accuracy obtained. Their value may be 
ri § o-4} + 4 4 b o-4 | judged, however, by the results obtained from a test 
“¢ Ge 4 | A |recently carried out at the Thornton Laboratories. 
ng 3 | 3 In this test, a single-hole nozzle was used and the total 
a” re. H | & weight of fuel collected during a predetermined number 
- So: st { —+ on 20-3 of injections was compared with the quantity collected 
- a A in a graduated cylinder under the same conditions, 
” bed | 5 |the latter quantity being taken as the standard for 
ip ce J og assessing the performance of the analyser. The results 
ed @ 0-2} § 0-2 obtained are given in the table on page 308. 
» The quantities given in column 2 were determined 
nad by proportion from the deliveries measured from 
nd | t between 500 to 1,000 injections, since the volumes 
“4 ot Sot | delivered during 200 injections were too small for 
a | | accurate measurement. The weights given in column 4, 
: | however, are those actually obtained from 200 injec- 
a | tions, while those given in column 3 were obtained by 
- os 4 12 7 by 12 76 *25 24 | multiplying the volumes in column 2 by the specific 
» 481.0.) Degrees vi @s0..e) Degrees “encmerne” | gravity of the fuel, namely, 0-82. As will be seen from 
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the figures in column 5, the weights obtained by the 
two methods are of the same order. 

A typical curve which shows the weight, in grammes, 
of the fuel collected in each pocket for 200 injections 
plotted against the rotation, in degrees, of the pump 
shaft after spill-port closing, is shown in Fig. 4, on page 
307. The figures used for plotting this curve relate to the 
third set of readings in the table, which were obtained 

















Bisel 2 3 | 4 5 
| | | 
| Delivery in | Delivery in | DRA. | Column 4 as 
R.p.m. |cub. cms. per | grammes per | grammes per!| percentage 
200 injec- | 200injec- | 200injec- | of Column 
| tions. | tions, | tions, | 3. 
| | | 
300 | 0-84 0-69 «=| ~~ (0-615 “0 
300 4:8 3-93 3-615 92-0 
300 9-87 8-10 7-600 93-8 
900 1-16 0-95 0-875 92-1 
900 5-04 4-13 3-945 5+5 








with a rack setting of 0-6 in. and the disc phased rela- 
tively to the injection pump so that the injector was 
opposite the first pocket when the pump shaft had 
rotated 1 deg. from the spill-port closing point. The 
quantity of fuel collected in each pocket is proportional 
to the average rate of delivery from the injector during 
1 deg. rotation of the pump. The curve gives, therefore, 
an approximate representation of the relation between 
the instantaneous rate of injection and the angular 
position of the pump camshaft. It will be seen from 
the curve that a secondary injection commences at 
20 deg. and it may be noted, in this connection, that, 
with a rack setting of 0-4 in. and a pump speed of 
900 r.p.m., both secondary and tertiary injections occur, 
the former commencing at 24 deg. and the latter at 
39 deg. after spill-port closing. The precision of the 
results is illustrated best by reference to Fig. 5, page 307, 
which shows that those obtained from a repeat test 
are close to, and in some cases coincident with, those 
of the first test. The plots for these tests were obtained 
with a m similar to that used in tests already 
referred to, but with a different injector and pipe. 

Although the curves have been plotted in terms of 
weight, there is, of course, no reason why the results 
should not be set out in terms of, say, volume in cubic 
millimetres. In cases where there are secondary and 
tertiary injections, the proportion of the total charge 
in the main and subsequent injections can be deter- 
mined readily, and already the Snore has proved 
most useful in investigating the e of pilot injection 
on engine performance as it provides a means of deter- 
mining the magnitude of the pilot charge. 





IMPROVED CARS FOR LONDON 
TRANSPORT. 


Ir is announced by London Transport that an order 
has been placed with the Birmingham Railway Carriage 
and Wagon Company, Limited, Smethwick, Stafford- 
shire, for 89 new tube cars; also that all future deliveries 
of railway rolling stock will incorporate a tell-tale 
device for incompletely-closed doors ; and that passen- 
ger-opened doors are being introduced on the Bakerloo 
line. The new cars will be generally similar to the 
1938 type—the most modern in use at present on tube 
lines—but minor improvements will be incorporated. 
The value of the contract is 1,200,0001. The Bakerloo 
line is at present equipped partly with 1938 stock and 
partly with pre-1938 stock. Some of the new cars will 
replace the pre-1938 stock, so that the line will be 
equipped wholly with cars of a similar type. The 
Northern City line, which is at present equipped with 
pre-1938 stock, will receive the remainder of the new 
cars, and the surplus pre-1938 stock from both lines 
will be transferred to the Central and Piccadilly lines. 
Delivery is ex to commence in the middle of 1950. 

The tell-tale device to be fitted to all future deliveries 
of railway rolling stock will reduce delays at stations 
due to incomplete closing of the guard-operated doors. 
Such delays sometimes occur during rush hours owing 
to failure of the pneumatic door gear or to a passenger’s 
clothing preventing complete closure of a pair of doors. 
At present, the failure of a pilot lamp in the guard’s 
compartment to light-up after he has pressed the 
door-closing button, indicates to the guard that the 
doors are not all fully closed, but it does not show 
which door is faulty; a delay ensues while the station 
staff examine the whole train to detect the fault. The 
tell-tale device consists of a small red lamp on the out- 
side of each car, which will remain alight until the 
door is closed. The system which enables control of 
the opening of doors to be transferred from the guard 
to the passengers (who press a button when intendi 
to alight), was introduced recently on the Cen’ 
line, and is now to be extended to the Bakerloo line. 
It is brought into operation when a train reaches an 
outer, section of the line, so as to obviate discomfort 
to passengers due to the unnecessary opening of doors. 


LABOUR NOTES. 


THE application of the wage structure, in the engineer- 
ing industry, to the various grades of semi-skilled 
operatives is discussed by Mr. W. B. Beard, O.B.E., 
general secretary of the United Patternmakers’ Associa- 
tion, in his editorial to the union’s T'rade Report for 
March. It may be remembered, he writes, that the 
court of inquiry into the engineers’ wage claims, held 
in August last, appeared to hold the view that some 
relationship existed between the wage problem and 
the wage structure in the industry, for it was shown 
clearly (in the court’s report) that wage rates in the 
industry were extremely involved and that, in fact, 
almost every district in the country applied them 
differently. This confusion was pertioclasll noticeable 
in the wage rates for the grades between labourer and 
fitter. In some parts of the country, thé operation 
of certain machines was related to the skilled fitter 
but, in other places, it was related to the unskilled man. 
“Tt followed, therefore,” Mr. Beard states, “ that any 
approach to a wage structure must necessarily be in 
simpler terms and that it must, in addition, envisage 
an overall rate, irrespective of whatever minimum 











percentage may ultimately be agreed upon for incentive 
schemes.” 





There was also the feeling, Mr. Beard continues, that 
to tackle the problem of the various wage rates for the 
grades between the unskilled man and the skilled 
journeyman, who had served his time as an apprentice, 
there would have to be a wider differential. between 
the rates for these two classes. It appeared to be 
impossible to deal adequately with the many grades 
which existed between the unskilled and completely 
skilled stages on the margin of 15s. then current. It 
was probably true to say that, in almost every other 
country, the range between the unskilled man and the 
time-served fitter was considerably greater than it was 
in Great Britain. 





“ The Confederation of Shipbuilding and Engineering 
Unions,” Mr. Beard adds, “‘ have discussed this matter 
with the aid of a subcommittee and they are of the 
opinion that the intermediate grades should work 
between a rate of 92s. for the unskilled man, and one 
of 120s. for the skilled craftsman, with special rates, 
in addition, for inspectors, markers-off, millwrights, 
toolmakers, sheet-metal operatives, patternmakers, 
etc. The union’s executive committee have also 
discussed this question and, while they realise the 
necessity for setting up a new wage structure for the 
engineering industry, they feel that as we have always 
negotiated our differentials over the standard skilled 
rates, as a union, we should continue to do so, and 
I have, on the instruction of the executive committee, 
informed the Confederation to that effect. The whole 
question is obviously one for long-term policy, but it is 
clear that we must protect our interests in this matter.” 





Turning to the subject of negotiating machinery in 
the industry, Mr. Beard writes, ‘“‘ Another matter which 
has had the attention of the Confederation of Ship- 
building and Engineering Unions at top level is the 
question of our present negotiating machinery. This 
machinery is obnoxious to us. As a union, we were 
never parties to it in a voluntary way, as were the 
Amalgamated Engineering Union. We were always 
able, prior to 1922, to resolve our differences with 
employers without having to proceed to York through 
the central conference. One of the terms of the 
return to work after the 1922 lock-out was that we were 
forced, as a union, to accept negotiating machinery 
which provided for works conferences, rae conferences 
and central conferences. Like any other form of 
machinery which is not agreed to voluntarily by both 
sides, but which is forced upon one party by the other, 
it never really found favour. Indeed, some years ago, 
we actually decided by vote, as a union, to scrap this 
machinery but, for some reason or other, this vote 
was not put into effect.” 





Mr. Beard concluded by saying: “It is true that 
the majority to do this was very small, and it is also 
true that contact was made with the engineering 
employers on this matter, but we continued to operate 
the machinery not only to deal with patternmaki 
problems, but with problems applicable to the industry 
generally, through the machinery of the Confederation. 
Indeed, we are still parties to it. The Confederation 
now pro completely new machinery. This would 
provide for questions to be dealt with on a more equit- 
able basis and would prevent the employers ‘te 
sitting as both judge and jury on questions affecting 
the industry, as they do now at cen conference. 
It is clear that the new proposals are capable of con- 
siderable amendment and adjustment, but they at 
least form a basis upon which we can amend the present 
one-sided arrangement which the employers, in their 
own interests, imposed upon the industry in 1922. 





A booklet issued by the Amalgamated Union of 
Foundry Workers draws attention to conditions at 
present existing in iron foundries and aims at securing 
the early implementation of the comprehensive recom. 
mendations of the Joint Advisory Committee on 
Conditions in Iron Foundries, known as the Garrett 
Report, which was published in 1947. The union 
recognises that many improvements have already been 
achieved, but claims that the great majority of iron 
foundries have so far failed to provide the up-to-date 
facilities and amenities which the joint committee 
recommended. Branch returns, the union points out, 
disclosed a total of 8,545 sickness certificates during 
the six months ending in January last, and considers 
that this high sickness rate ‘‘ tells a story of unnecessary 
suffering and hardship.” The union asks that the 
implementation of the other improvements sought 
by the joint committee should not be delayed by the 
research into problems of dust prevention, ventilation 
and allied matters now being pursued. 





New undertakings to the number of 26 were expected 
to be established in Northern Ireland during the 
coming twelve months or so, according to a recent 
answer in the Northern Ireland Parliament by the 
Parliamentary Secretary to the Ministry of Health and 
Local Government. When in full production, these 
undertakings would provide employment for some 
5,000 persons, of whom 3,000 would be men. Other 
undertakings already established in Northern Ireland, 
but not yet in full production, would eventually require 
an additional 10,000 employees. The total number of 
new and expanded industries to date was 211. They 
would provide employment, when in full production, 
for more than 16,000 women and 19,000 men. 





The Amalgamated Engineering Union have elected 
Mr. James Young, general secretary of the Association 
of Engineering and Shipbuilding Draughtsmen, as 
their chairman, in succession to Mr. G. Hitchings. 





Difficulties confronting the British Transport Com- 
mission, owing to the fall in railway receipts and the 
rise in costs, were referred to by Sir Cyril Hurcomb, 
chairman of the Commission, in an address to the 
Mansion House Association last Friday. Mentioning 
the increasing punctuality of the train services, Sir a 
stated that the Commission viewed with no complac- 
ency the fact that 10 per cent. of steam expresses 
were over half an hour late, but a handicap to punctu- 
ality was the quality of much of the coal the railways 
were obliged to use. The most serious impediment to 
the progress of the railways was the shortage of coaching 
stock. At the end of 1948, there were 4,000 fewer 
ees vehicles available for service than 

fore the war. No single step was so likely to increase 
railway revenue as the provision of additional coaching 
vehicles for excursion traffic. In addition to improving 
services, it was incumbent on the Commission to secure 
economies in all possible directions. One of the biggest 
immediate economies would be to get away from the 
enforced makeshift of extravagant repairs and to devote 
their funds and man-power to renewals instead. 





Speaking of economies, Sir Cyril asked the Association 
to remember that from 60 to 70 per cent. of the expen- 
diture of the Railway Executive and of London Trans- 
port Executive were represented by salaries and wages. 
Their costs in this respect had been increased by the 
award of time and a quarter to drivers and conductors 
of road-passenger vehicles on Saturday afternoons, 
which would cost the Commission, through London 
Transport alone, over 375,000. a year. The adjustment 
of man-power to the volume of work was being effected 
in ways least likely to cause hardship. The total 
staff of British Railways fell in the four weeks ending on 
January 30 by over 4,000. Taking the Commission’s 
activities as a whole, the reduction in staff in those 
four weeks exceeded 5,000. 





Dealing with the trend of transport receipts and 
probable future policy respecting rates and charges, 
Sir Cyril said that the Commission was still experiencing 
a decline in receipts, which was most marked on the 
main-line railways, against an expenditure which 
showed an opposite tendency. Railway fares and 
charges were raised in October, 1947, to meet increasing 
costs, but other costs, not then foreseen, had fallen 
on the Commission, including higher prices for coal and 
additional concessions to staff. The total salaries 
and wages bill for the main-line railways and London 
Transport was 268 million pounds in 1948, com 
with only 120 million pounds in 1938. The total coal 
bill was 38 million pounds, compared with 12 million 
pounds in 1938. Railway traffic in 1948 did not yield 
the revenue expected when fares and charges were 
increased in the previous year, and revenue for 1948 
had consequently fallen short by 30 million pounds. 
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HEAT ENGINES.* 
By K. Baumann, M.I.Mech.E. 


[In the Thomas Hawksley Lecture of 1917, Captain 
H. Riall Sankey traced the development of heat engines 
and gave a forecast of possible future trends. He 
dealt with their history under the following headi 
and in the order shown: locomotives, textile mill 
engines, pumping engines, marine reciprocating en- 
gines, marine steam turbines, electric power recipro- 
cating engines, electric steam turbines, blowing engines, 
rolling-mill engines, gas engines, and oil engines. 
this lecture, I propose to review progress during the 
ensuing 30 pe and to examine Sankey’s forecast in 
the light of actual developments. I shall deal with 
the present competitive position, and discuss the future 
prospects, of heat engines of all types. 

Sankey’s account of reciprocating steam engines for 
textile mills, pumping, electric power, blowing, and 
rolling mills is almost complete. No further radical 
development has taken place, most of these engines 
having been —— by engines of another type 
or by electric drive. For textile mills, particularly 
where process steam is required or public supply of 
electricity is not available, steam turbines with elec- 
trical or mechanical drives have been adopted. In 
cotton-spinning and weaving mills, where process 
steam is not required, electrical power has been obtained, 
usually from public supply. here process steam is 
required, there is a tendency towards the installation of 
back-pressure turbines floating on a public supply, 
resulting in a further saving in fuel. Reciprocating 
steam pumping engines generally have been super- 
seded by steam turbines driving centrifugal pumps 
directly or through gearing, and Sankey’s remarks on 
what he terms “ electric power reciprocating engines ” 
have practically closed this chapter also. As he 
suggested, blowing engines have been su led by 
steam turbines driving centrifugal blowers and com- 
pressors, because of increased efficiency and the smaller 
space required. 

Reciprocating winding engines, not mentioned in 
Sankey’s lecture, have had a longer lease of life. 
During the first half of the period, considerable numbers 
were installed, largely because there was available at 
the collieries a large amount of unsaleable coal which 
could be used in relatively inexpensive boilers. With 
improvements in coal preparation, the amount of 
poor-quality coal has decreased, and the tariffs for 
electrical energy have become more attractive, with 
the result that considerable financial savings can be 
shown for electrical drives, with important savings in 
coal. 

I must pay tribute to the excellent service rendered 
during the 1939-45 war by reciprocating engines in 
ships of the tramp class, These engines were adopted 
for new ships on account of the great capacity for their 
production, and the ease of manufacture with the type 
of labour aVailable. It is not expected, however, that 
this prime mover has a great future except for smaller 
ships and powers below 1,000 h.p., or for special appli- 
cations, or where simplicity in manceuvring is essential. 
The introduction of a low-pressure steam turbine to 
utilise the full expansion of the steam, and mechanically 
or electrically coupled to a reciprocating marine engine, 
or driving a steam compressor, has resulted in 20 per 
cent. reduction in steam consumption, and has been 
largely responsible for the continued use of these com- 
bined engines and turbines for marine work for powers 
up to 4,000 shaft horse-power. 

Sankey did not forecast great improvements in gas 
engines, either in thermal efficiency or in increase in 
size. He quoted a thermal efficiency of 24 per cent. 
as the best performance, including the losses of the 
gas producer, and indicated an efficiency of the engine 
of 31 per cent. These thermal efficiencies are based 
on the lower calorific value; except where otherwise 
stated, I adhere to the lower calorific value as the basis 
of thermal efficiency throughout this lecture. Sankey 
thought that gas engines had reached their practical 
maximum size at 5,000 brake horse-power, and this 
has been confirmed by subsequent experience. Even 
in blast-furnace plants, steam turbines, operating with 
boilers using blast-furnace or coke-oven gas, have 
properly been adopted as the better economic proposi- 
tion. Consequently, the large gas engine has dis- 
appeared from the market, and even the higher speed 
vertical tandem gas engines of 1,000 to 1,500 brake 
horse-power, running at 200 r.p.m., which were men- 
tioned by Sankey, were abandoned shortly after 1920. 
In smaller gas engine units below 1,000 brake horse- 
power, some development has taken place. These 
engines have retained their position for special appli- 
cations, particularly where heat is obtained from waste 
products, such as waste wood, which can best be 
utilised in gas producers, or from sewage or natural 
gas. 


* The 35th Thomas Hawksley Lecture, delivered at 
the Institution of Mechanical Engineers, London, on 
Friday, November 19, 1948. 
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One notable development has been that of the 
dual-fuel engine which permits the use of gas and oil 
in combination or separately. ly as a result of 
the higher compression ratio, thermal efficiencies as 
high as 41-4 per cent., based on the lower calorific 
value of the two fuels, have been obtained, using town’s 
gas with an amount of oil injected for ignition which 
corresponds to 12 per cent. of the total heat value. 
This thermal efficiency of 41-4 per cent. is about 
33 per cent. higher than that obtained with the average 
low-compression gas engine. 

Sankey recorded as the best heat consumption for 
oil engines a figure of 7,700 B.Th.U. per brake horse- 
power-hour, which corresponds to a P seabrcs efficiency 
of 33 per cent. The largest output at the time was 
4,000 brake horse-power. During the period under 
review, the development of the compression-ignition 
oil engine has tended towards making it more suitable 
for specific applications. Thus, the early slow-speed 
engine, developed for stationary power plants, was 
the forerunner of the reversing slow-speed marine oil 
engine for direct drive of the propeller. One of the 
earliest applications of the oil engine designed specially 
for its pi , was that for submarines and fast motor 
boats, and this led to the development of the high-speed 
oil engine generally. It was in submarine engines pro- 
duced in this country that solid injection was intro- 
duced successfully on a considerable scale, and, as a 
result, has since been adopted almost universally. It 
has made possible to a large extent the — of 
the compression-ignition principle to small high-speed 
engines. Tests at the Royal Aircraft Establishment in 


TaBLE I.—Types and Arrangements of Cylinders and 
Crankshaft for Internal-Combustion Engines. 





Item. Description. | Application. 
1 Single-acting vertical > | General, slow-speed and 
| high-speed. 
2 Single-acting vertical in- | Aero-engines. 
verted. | 
3 | Single-acting horizontal. | Horizontal slow-speed en- 
gines. 
4 Single-acting flat horizontal | Horizontal high-speed en- 
op , gines for railcars. 
5 Double-acting vertical. Slow-speed marine en- 
gines. 
6 Double-acting horizontal. Slow-speed stationary en- 
gines. 


| High-speed engines, rail- 
cars, locomotives, aero- 
engines. 

Aero-engines. 


Single-acting V-type. 


8 Single-acting V-type in- 


than 4,000 brake horse-power is relatively small, and 

iculars of some of these are given in Table II, on 

310. Many are used for . plant, and others 
in countries where oil is relatively cheap or water is 
scarce. Manufacturers in this country have been 
reluctant to enter into competition with foreign firms 
for the supply of occasional units of large sizes. The 
trend of development has been generally towards an 
increase in the number of cylinders per machine and 
also in piston speed, and thus in engine speed for a 
given output, with reliability as a first consideration 
rather than weight and space. British manufacturers 
have concentrated on single-acting engines with piston 
diameters up to 20 in., which, with eight supercharged 
cylinders per engine, cover sizes up to 2,000 brake 
horse-power. Piston speeds are generally over 1,000 ft. 
per minute, and the brake mean effective pressure 
about 75 Ib. to 80 lb. per square inch for unsuper- 
charged engines, and 100 Ib. to 125 lb. per square inch 
when supercharged. The four-stroke engine is still 
preferred in this country. There is a tendency to use 
high-speed engines, primarily developed for special 
applications such as locomotives, for stationary pur- 
poses, the ratings being suitably reduced to meet 
requirements of longer life and lower maintenance 
costs. Vertical engines predominate. 

After the 1914-18 war, extensive development of 
large reversible engines for ocean-going ships was 
undertaken by many firms in this country, as this 
application appeared to offer the best field for large 
heavy-oil engines. The early state of the art has been 
described by Sankey ; he gave particulars of 11 engines, 
five of which are reproduced in Table III, on page 310, 
together with particulars of modern engines. Whereas 
in 1925 both two-stroke and four-stroke engines were 
used, there has since been a great change-over to the 
two-stroke engine. Airless fuel injection has replaced 
the air injection of fuel, used invariably in the early 
stages. of development. The thermal efficiency has 
been improved gradually from 33 per cent. to over 
40 per cent., mainly as a result of the introduction of 
solid injection and by increasing the compression ratio. 
The size of the engine has been more than doubled, 
and the weight per brake horse-power for the same 
output and speed has been reduced by 40 cent., 
largely by the adoption of welded-steel bedp! and 
frames. A further reduction in weight has been 
effected by raising the speed of the propeller by im- 
proved design, though with a small sacrifice in effi- 
ciency of the prepa. The largest engines so far 
produced were those for the Saturnia, for a normal 





verted. 
9 —s U-type ver- | Locomotive engi 
ti 


Railcars, aero-engines. 


~ 
So 


cal. 
Single-acting H-type hori- 
| zontal 


Ml | Opposed-piston type verti- 
cal with two crankshafts. 
12 Opposed-piston type hori- 
zontal with two crank- 


High-speed marine en- 
gines. 

Medium-speed marine en- 
gines. 


Slow-speed marine en- 


° shafts. , : 
13 pposed-piston type verti- 
th gines—Doxford. 


cal with one crankshaft. 
14 Single-acting vertical with 
exhaust pistons. 





gines—Hariland and 
Wolff. 





15 Double-acting vertical with | Slow-speed marine en- 
exhaust pistons. =. — Harland and 

16 | Single-acting ‘“‘ broad ar- Aero-engines. 
row.” | 
SS ee 
1923, and later by Ricardo, had shown that, with a small 
high-speed engine, a thermal efficiency could be 
obtained equal to that of a slow-speed engine, and this, 
Ricardo pointed out, marked a turning point in the 
history of the compression-ignition oil engine, which 
was quickly appreciated by Continental engineers. The 
advent of a really high-speed heavy-oil engine opened a 
new and vast field of application. Small high-speed 
engines of light weight are now used extensively for 
heavy road vehicles, and larger engines of 200 to 600 
brake horse-power for railcars for direct mechanical 
or electrical drive. Engines of 1,000 to 2,000 brake 
horse-power capacity and of light weight have been 
developed for main-line locomotives with electric 
transmission. The development of the high-speed oil 
engine has naturally also affected the further develop- 
ment of the stationary oil engine for driving electric 
generators, as with higher speed the cost of the genera- 
tor, as well as that of the engine and the building, is 
reduced. The use of war-surplus submarine engines, 
after the 1914-18 war, stimulated this development. 
Even with a greatly reduced rating to increase life and 
reduce maintenance (60 per cent. of submarine rating, 
70 per cent. of speed) they were in advance of the 
stationary engine of that time. In the development 
of the engines for various applications, the arrangement 
of the cylinders relative to the crankshaft has had a 
great deal of consideration, as is evident from the 
multiplicity of arrangements that have come into being, 

as shown in Table I, herewith. 

Heavy-oil engines of much larger capacities than 
those stated by Sankey have since been used in certain 
countries, the largest being one of 22,500 brake horse- 








power at Copenhagen. The number of engines larger 








output of 12,000 brake horse-power at 125 r.p.m. ; 
they were of the double-acting two-stroke type. In 
view of the demand for reliability of engines for mer- 
chant ships, the brake mean effective pressure has not 
been raised appreciably, and in many cases this is 
specified by the ship-owners, The ratings given in the 
lists are the service ratings; shop tests and trials are 
often run at considerably higher loads. 

The present position of the marine oil engine has 


"| been dealt with by P. L. Jones,* who points out that 


the slow-speed oil engine has proved as reliable as 
any other type of machine available for marine pro- 
pulsion, and this is really the outstanding achievement 
of the last 20 years. He refers to the remarkable 
success of the opposed-piston type of engine, and, in 
particular, of the Doxford engine, which is now being 
produced in sizes up to 1,250 brake horse-power per 
cylinder. Double-acting engines appear to be giving 
way to single-acting engines, mainly because of the 
time taken to remove and overhaul the pistons and 
piston rods. 

Particulars available of some engines are given in 
Table IV, on page 311. Their piston speeds are roughly 
20 per cent. higher than those of the direct-coupled 
slow-speed engines, and their speeds range from 200 
to 450 r.p.m. Jones forecasts engines of conventional 
design capable of developing 400 brake horse-power per 
cylinder at about 400 r.p.m. Development in sub- 
marine engines, which are the protot for high-speed 
engines, has also been considerable during the last 
30 years. Their output has been raised in this country 
from 1,200 brake horse-power at 380 r.p.m. to 2,475 
brake horse-power at 480 r.p.m.; their weight has 
been reduced from 65 Ib. to 32 bb. per brake horse-power, 
and their efficiency has been improved by 10 per cent. 

I have referred to the development in oil engines 
for heavy road-transport vehicles, and propose to deal 
particularly with the larger engines required for railcars 
of 200 to 600 brake horse-power capacity and loco- 
motive engines of 1,000 to 2,000 brake horse-power per 
engine. For both these applications weight and space 
are of great importance, but reliability, maintenance, 
and initial cost must also receive due consideration. 
Rating and speed can be increased at a sacrifice of 
efficiency and maintenance costs ; maximum load and 
speed depend on the conditions of service. Maintenance 
costs increase with the loading at a slow rate at low 
powers, but at a high rate at high powers. The rating 





* Proc.I.Mech.E., vol. 157, page 171 (1947). 


















































































































































310 ENGINEERING. APRIL I, 1940. 
TABLE II.—DEVELOPMENT OF LARGE LAND OIL ENGINES. 
es Type of Engi | | | | (Barometer $0 1 bide nan 
| ne. | r 30 in. rake ; ; 
Pt ston sos | ‘Me ). | Me my Efficiency. 
trevier sen heer e i eco ae ec- ~ 
Make of Bagine a l r Dis- Maxi- Bt ’ | tive | Weight, | 
Reference. ‘eeiattien | Year. | “tn! In.” ais] pines. =m, 2., ie | B.h.p.| | Pres- | Ib. per At Remarks 
mn. . Z 0. ment, ‘ Maxi- | B.h.p. r | sure,| B.h.p. | r 
| of | Item | *{°F | Litres, r | mum. per’ | sq. in, B.h.P.| Tp, - Per eat. 
Cylin-| No.* |, Min. B.b-P. | Cyiin-| of || Pee | per | cent. | of 
ders, stroke der, | Piston| Htre. | 8q. in. | | | Rated 
Area, | | Output, 
| | 
l l l l r l ¥ “ 
Maker val oe & | 1912 | 29-9 | 40-2 | 6 | =»? Ss 2,770 | 885 | 1382 3,750 625 | 0-89 | 1-35 | 65-5 | 220 | 30-5 100 Blast injection. 
| -| | | } | 
” «| — for Shang- | 1926 | 30-0 | 40-2 8 1 2 3,700 838 | 125 | 4,800; 600 | 0-85 1-30 | 66-5 | 196 33-3 | 100 | Blast injection; 
. | separate turbo- 
| | blowers. 

ENGINEERING, ; Blohm and Voss | 1927 | 33-88) 59-0 9 5 2 15,680 925 94 | 15,000 | 1,667 | 0-93 0-96 66-4 (a) 35-7 100 | (a) With blower, 

July 23, end | wh. za for | | (b) 37-5 | | (6) Without 
1. 29, m 4 | | | | blower, 

Trans, A.S.M.E.,| Burmeister and / 1933 | 33-0 | 59-0 8 5 2 13,240 1,130 115 | 22,600 | 2,813 | 1-65 | 1-70 | 96-1 | 130 39 85 sie 
Oct., 1939, —— Copen- | 38 |) «(100 | 

agen. | 

Maker . See seen 1946 | 28-4 | 35-4 6 1 2 2,200 1,095 185 4,500 750 | 1-18 | 2-05 | 71-0 105 37-2 100 | Direct injection. 

Power, Oct., 1947 Nordberg for | 1947 | 29-0 | 40-0 10 1 2 4,330 1,093 164 7,100 710 | 1-08 1-64 | 65-0 Direct injection. 

rar le. | | od | 

* These numbers refer to the first column of Table I, and indicate the arrangement of the engines. 
TABLE III.—DEVELOPMENT OF LOW-SPEED MARINE OIL ENGINES. 
as | | | | | Service Rating | | ° | a 
| | Type of Engine - ——— sof in, Boake dane. 
ston rcoury ean 
| Dis- | Foner y Revs. |__ Effec- | 
Make of | Bore ‘Stroke, | place- | xi- ry | | tive | Weight, | 
Reference. | Engine and Weer, Fe | te | vent, | mam, = | Bh, | Pres-| Lb. per | Per | At Remarks. 
— | 7Of' | Ttem | %,0F |Super-) Litres ; fo | woe ad Bho. B. iS | & 
| lin-| Noe |..4  |charg- * | Bhp i . 
Cy! 0.* | stroke.| i + in. Gyiin- Lower of 
ders, + der, “Piston aad in, Calorific | Service 
| | | Value. | Rating. 
= l l ] l l _ 

Chaloner, | Doxford | 1925 22-8 | 2x eisai ei — 1,830 | 684 90 | 2,235 | 745 | 0-91 | 1-22! 88 | 290 37 
Diesel’ Eng. 45-6 | 
Users Assoc, | 
Apr. 17, 1925 

se James Neptune + od 1925 | 24 50 8 1 | 2 — 2,970 717 86§ | 2,6003; 325 | 0-72 | 0-88 66-3 
tore G05), | 3 Motorist "’ | | | | | | 
on ey | | | bse oa 

» » | Vickers for 1925 | 30 | 45 8 1 | 4|No} 4,70 625 | 110 | 2,700} 338 | 0-48 | 0-65 | 76-5 
‘* Moveria ”” } 
. e Burmeister | 1925 (29-125) 45-25 8 1 4 No 3,950 868 | 115 2,250 281 | 0-42 | 0-57 64-3 
and Wain | 
for - Glen- | } | | 
le! ” | 
— Techni- os 1923 [27-5 39 6 1 2 t 2,285 828 127 3,250 542 | 0-91 | 1-42) 72 33-2 | 75-85 Sar ae.a 
Review, ulzer for owed in effi- 
So. = 1947, “ Aorangi”’ | ciency calcula- 
and maker | | | | tions for built- 
” ” at ~ 1934 |29-9 47-2 10 5 2 3 10,000 985 125 | 12,000 | 1,200 | 0-93 | 1-2 | 61-5 | 128 39-3 70 =«6||4 in scavenge 
zer ‘or | pumps. No 
“ Saturnia ”’ } Soereetion 
ns = . ie 1937 (29-9 49-2 12 1 2 t 6,800 1,190 145 | 12,500 | 1,041 | 1-49 | 1-84 81 | 110 | 39-6 50 — for out- 
“ nie” | | put. 

Purdie, Trans ‘ord 1944 (23-625) 38-55 4 | 13 2 — 2,630 694 108 3,300 825 | 0-94 | 1-26 | 76 166 40 50-95 | Includes central 
I. Mar. E., } at | 950 | | | | scavenge pump 
be pha | 52-75 } | —— from 

, ali Tr | cranks! 

Motor Ship, | Doxford | 1948 |28-50 | 37-88 6| 183] 2 | = | 5,600 750 | 120 | 8,000 | 1,333 | 1-05 | 1-42 | 76 130 40 75-90 | Includes scavenge 
Feb., 1947, + | | 1,020 | pumps lever 
and maker | 51-25 } riven from 

t crosshead. 

Pounder, Harland and | 1944 21-65 |47-25| 8 15 si — | 6,080 | 945 120 8,000 1,000 1-36 | 1-31 71 Exhaust pistons. 
Motor Ship, | Wolff + | 
March, 1945 15-75 | 

Pounder, Harland and | 1947 |29-53 |59-06, 7 | 14 2 | — | 6,180 | 1,033 | 105 | 7,500 | 1,070 | 1-57 | 1-21 | 74 167 | Exhaust pistons. 
Trans. Wolf | ~ | | 
1.Mar.E., | 19-68 | | 
Trane Ld | | aoe Od Se nll oe | 

47- | | | | 

Shipbuilder Burmeister | 1947 24-4 | 45-3 10 | Sa 2 — | 8,480 1,056 | 140 5,600 560 1-20 | 1-61 75 
and Marine | and Wain | | | | 
Engine for “ Kam- | j | | 
Builder, bodia ” | | | 
Aug., 1547 j | | 

| | | | | | 
* These numbers refer to the first column of Table I, and indicate the arrangement of the engines. Supercharging. 
t Two-row scavenging with extra charging ; separate turbo-blowers. § Revised particulars su; by P. L. Jones. 


of an engine should be chosen in relation to this rate of 
increase of maintenance costs, the capital cost and fuel 
consumption. The ratings given in Tables V and VI, 
on the opposite page, must be accepted with caution, 
as there is no recognised standard of rating for these 
engines ; but the figures conform approximately with 
the British Standards Institution Specification, based 
on 12 hours’ continuous output. These ratings must 
be regarded as approximate only; similarly, the 
weights are probably not given on the same basis. 
Gross weights include bedplate extensions to carry 
generators, and water and lubricating oil; net weights 
are those excluding these items. The difference is 
about 10 per cent. 

In this country, the firm of Beardmore pioneered the 
practical application of the high-speed oil engine to 
railway traction. About 1924, they put into service a 
considerable number of railcars with engines of 200 
brake horse-power on the Canadian National Railways, 
and. later. engines of 350 brake horse-power, both of 





which are listed in Table V. In 1932, this firm also 





engined locomotives of 2,660 brake horse-power for the 
Canadian National Railways with engines of 1,330 
brake horse-power. This country has supplied a con- 
siderable number of railcars, mainly for export. In 
locomotives, the advance in the United States has been 
remarkable. It has been reported that orders placed 
for oil-engined locomotives, expressed as a percentage 
of orders placed in America for locomotives of all 
kinds, has risen from 20 per cent. in 1935 to 76 per 
cent. in 1941, and to 95 per cent. in 1946. 

Tables V and VI, showing the development of these 
high-speed engines, deserve careful attention. The 
ay ek gener bag de erg 1,500 ft. to 2,000 ft. per minute 

or four-stroke engines, which predominate. For two- 
stroke engines, the piston speeds are lower, being | sex 
1,333 ft. to 1,420 ft. per minute. The thermal effi- 
ciencies vary from 34-6 per cent. to 38-4 per cent., and 
the gross weight from 13 lb. to 27 lb. per brake horse- 
power. It will be noted that the output for locomotive 
applications has been increased in the United States 
to 2,000 brake horse-power at 1,000 r.p.m. in 16-cylinder 





four-stroke engines, and to 2,100 brake horse-power at 
850 r.p.m. in two-stroke opposed-piston engines with 
ten cylinders, with pistons of only 9 in. and 8-125 in. 
diameter and weights of 18 lb. and 16-5 lb. per brake 
horse-power, respectively. The increase in output and 
piston speed has been made possible by the use of 
aluminium-alloy pistons. 


(To be continued.) 





HELE-SHAW PRIZE AND MEDAL FoR 1948.—Mr. Dennis 
Howe, a former aeronautical-engineering apprentice of 
the Fairey Aviation Company, Limited, Hayes, Middle- 

sex, has been awarded the Hele-Shaw Prize and Medal 
for 1948 by the Council of the Institution of Mechanical 
Engineers. In 1948, Mr. Howe obtained the Higher 
National Certificate with distinctions in all subjects, 
gaining the Higher National Certificate Prize. Mr. Howe 
is now junior draughtsman in the Fairey Aviation Com- 
pany’s drawing office. 
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DEVELOPMENT OF OIL ENGINES. 
(For Description, see Opposite Page.) 
TABLE IV.—DEVELOPMENT OF MEDIUM-SPEED MARINE OIL ENGINES. 


































































































| | | 
Service Rating | rmal 
| Type of Engine. | | | (Barometer 30 in. | Brake Eumeloncy. 
| me | Mercury). t-——~ 
sd a: | Effec- ol al 
| Make of | ewe, leteatee | spent 4 r | l l | tive | Weight, 
Reference. | Engine and | Year. | , , | 2 mum, | n. br | } | Pres- | Lb. per At Remarks. 
| Designation, | Im. | In. | No, | super-! Le] Ft. |Bhp.| per | py | sure, | B.h.p. per 
of | Item | 2- or ps ama . r a | Ba | per |sq.in.| “-0-P-) Lb. Per cent. 
| Cylin-| No.* | 4- t | n. | | Sen-P+ | Cylin-) of | sem, | per cent. of 
| ders, | stroke,| '28-T | der. | Piston * | sq.in | Service 
} | | | | Area. | Rating. | 
| | | ! | ' j } 
y So] Pee Yey ree l l tg de Wigs ns ai 
Designers Denny-Sul- | 1946 | 18-9 | 27-5 7 1 | 2 -- 885 | 1,220 | 265 | 2,550 364 1-30 | 2-88 70 69 36-5 380 
zer, for | | 
viel | 
} a” | | | 
Belsey and | Ruston 1947 | 17-0 | 18-0 8 1 4 | Buchi 535 | 1,305 435 2,125 266 | 1-17 | 3-97 | 118 51-1 35-9 75 Electric drive. 
Robinson, Hornsby | | | 100 
Trans. | | 
].Mar.E., | 
bye “3 | | 
12 47-4 } 
b MAN, | 1947 | 15-75 18-11) 9 1 4 Buchi 522 1,350 | 450 2,200 245 1-26 | 4-22 | 122 28-2 s | os Electric drive. 
Pounder, Harland and | 1947 | 20-87| 32-28! 7 S| 1,828 | 1,180 | 220 | 8,050 564 | 1-65 | 2-17) 64 107§ 35-1 | 100  |-\ Exhaust pistons. 
Trans, Wolff + | | | | § Including 
I.Mar.E., 14-17 gearing, thrust 
12 (1947-48) | ee — 
” » a 1947 | 14-57 | 22-83 7 | 14 2{|— | 624 | 1,140 300 | 1,975¢| 282 | 1-69 3-17 | 68-3 | 100§ 35-1 100 
op | | } 
9-65 | | } a 
Calderwood, Sulzer 6G82 | 1946 | 12-6 | 2 x 6 12 2 28-5 | 386 1,155 440 | 4,000 667 | 2-67 [10-30 153 429 | 37-6) 76 Exhaust-gas tur- 
Trans. | 15-75 | | | | bine coupled to 
N.E.C.Inat. | | | | | | | engine. 
vol. 62 | | } | | 
(1945-46) | a. ! ! AOS oe 
be Shots gaan ote Ge Bs eine < Sam 3 1 ~~ heey no 
+ Supercharging, stated, where known, in Ib. per —* in, al t Combined efficiency of transmission 95 per cent. 
|| 0-854 Ib. per b Pp. pe per hr. at 3,063 b.h.p., assuming 19,; Brn. per Ib. | Includes gear. 
TABLE V.—DEVELOPMENT OF RAILCAR OIL ENGINES 
7 a Type of Engine | | Rated Output | 
| j ° | | Piston | | (Barometer 30 in. Mercury). | Brake 
: | Dis- | 7 — an | weight 
Reference, Lh Ee Eee al be ag OO Pe Bhp, | BAP. \mceue| Lb, per 
— Bi | No. of 2- or Buper- » | mum, | Maxi- Be as r | Bhp. *| Bhp. 
Item o7 Litres. | ft. per | per Lb. per 
No? |.“ | ‘min, | mum. | Bhp. | ovin. |sq.in.of| per e 
| Ges. | stroke.) ing. | _— | “Sees | Piston = | Lite, | *4™. | 
| | | . } 
‘ee ool | | | | | | | be ate 
Rly. Gazette Suppt., Jan. 29,. | 
y. | | | | 
32 “inn ox Beardmore .. | 1925 | | 9-0 6 | 1 | 4 No 29-4 1,875 1,250 200 33-3 1-0 6-8 | 70-7 
Rl Gazette Su r. 25, | | | | 
Yos2 nae Beardmore .. .-| 1980 | 8-25 120 )6|lh666m]hC(«i1 + No 63-0 1,800 900 350 | 58-4 1-09 | 5-56 80 21 
és Maybach és ..| 1926 | 5-5 eas 2a 4 No 17-5 1,625 1,300 150 | 25 1-05 8-58 85-5 15-5 
Maker ‘ ‘ai me 'O Ganz VIII JAR 170 1935 | 6-7 9-45 8 |; 1 4 No 43-7 1, :970 1,250 320 | 40 | 1-14 7-32 76-2 24 
Reed, Die: ng. Jeers. | 
pAmon. , Jan., | ait | M.A.N. L12V 6-9 7-08 12 | 1 | 4 | No 52-1 1,650 1,400 | 420 35 | 0-94 | 8-06 75 15-3 
e cos = @ 
ny i si: | Frichs on | 7-28 {10-28 | 6 | 1 | 4 | ves | 41-8 | 1,708 | 1,000 | 275 | 45-8 | 1-10 | 6-58 | 85 | 16-8 
ish Electric Dec., ™ | 
.| Eng. Electric 68H | 1944 | 60 | 80 | 6 1 a Yes 22-3 1,667 1,250 | 220 | 36-7 | 1-3 | 9-89 103 | 20 
Maber al Sulzer 6LDA19 -| 1047 | 7-45 9-85 | 6 | ck a Yes 42-2 1,690 300 | 375 | 62-5 1-44 | 8-89 112 20-6 
Maker Paxman tue | 1047 | ¢-0 7°75 | 12 | 7 | 4 Yes 58-6 1,615 1,250 | 600 | 50 1-3 | 10-2 106 18-5f 
The Engineer, Feb. 9, 1945 | Saurer 6BZD a 6-11 7-08 | 12 | a. . Yes 28-5 1,770 1,500 300 25 1-22 | 10-51 91 | 16-5 
” ” » | Maybach G56 | | 63 7-87 12 | 7 4 No 48-4 1,835 1,400 450 | 387-5 1-2 | 9832 | 86-5 11-5 
an és Renault 504 ool 6-15 | 7-10 16 7 4 No 55-4 1,775 | 1,500 | 500 | $1-3 1-05 | 9-05 78-2 | 16-5 
| | | | | | 
* These numbers refer to the first column of Table I, and indicate the arrangement of the engines. ¢ Weight, gross. 
TABLE VI.—DEVELOPMENT OF LOCOMOTIVE OIL ENGINES. 
z | | Type of Engine. | | | Rated Output | , 
| | | } Biston | Drennan 30in, Mercury). | Brake Maxi- 
Make of i a =z Dis- | § | ee 1 * Weight, 
Reference. | Engine and Year. Bore, | Stroke, | | place- Maxi: | Bap. | | Effective hs  (mhermel Remarks. 
| Designation. in. in. No. of | Super- ment, | mum, Maxi =i | Bh.p. r | Bh. | Pressure, Bhp 
tom or | per Titres, | ft. t. pet | per = P- | Lb. per D. | ency, 
l See “ | charg- mum. | | Bhp. | Cylin- sq.in.of} per | ‘so°in > a 
| (Stroke. ing. | Piston | Litre. | *4 pe . 
der. | “area 
ie | | | | | | te L 
ines Seer Beardmore 1931 | 12-0 | 12-0 | 12 | 7 a | wo | 267 | 1,600 | 800 | 1,330 | | 0-98 | 4-98 | 81 io f 
} | | | 
a » o» | Suleer ..  ..| 1982 | 12-2 | 14-5 8} 1 4 | No | 222 1,570 650 | 750| 98-8| 0-80| 3-38 | 67-5 | 34-5 | 
Maker es Sulzer 12LDA31 1938 | 12-2 15-35 aa + Yes 353 1,675 | 655 | 2,000 | 167 | 1-43 |) 5-67 | 112-5 26-4 Wt. gross. 
Reed, Diesel Ei «kia 11-38 | 14-96; 8 | 1 | 4@ | Yes | 214 1,745 | 700 | 1,400| 175 | 1-60| 6-55 | 121 17 | 
ve Assoc., Jan., | | 
Maker RPE 1947 | 7-0 7°75 16 7 4 Yes 78-2 | 1,615 | 1,250 | 800 50 =| «1-30 | 10-2 106 | 21-6 | 34-6 Wt. gross 
| | 
Maker 20 1947} 9-5 | 12-0 | 16 7 | 4 | Yes | 228 | 1,700 | 850 | 1,600 | 100 | 1-41 | 7-2 | 110 | 27-5 | 35-4 | We. gross. 
/ | | 
ond, ou Power, uk win-De*® 1945 | 12-75 | 15-5 8 1 | « | Yes | 259 1,615 | 625 1,500/ 188 | 1-48 | 5-8 | 121 24 | 
y, ergne | | | 
¥ and Oi Power, | ALCO .. 1946 9-0 10-5 16 7 4 | Yes | 175 1,750 | 1,000 | 2,000 | 125 | 1-97 | 11-4 | 148 18 
ug. } | 
‘ Fairbanks- 1946 8-125 AS. 10 ll 2 170 1,420 850 | 2,100 | 210 2-03 | 12-35 | 04-5 16-4 
Ow Engine, Oct., 1947) Gen. ee 1946 8-5 10-0 16 7 2 149 1,333 800 | 1,630 | 102 | 1-8 10-95 | 89 17-8 36 | 
Gas and, O8 Power, | Eng. mre 1947 | 10-0 | 12-0 16 | ? 4 | Yes | 247 | 1,500| 750 1,600/ 100 | 1-27| 6-48 | 112 22 38-4 | Wt. net. 
ug. } 
Maker” | 1947} 10-5 | 18-5 | 12 | 7 | 2! ¢ | 230 | 1,350 | 600 | 1,685 136 | 1-57 | v-aa| 7 27 Wt. gross 
— | | 









































* These numbers refer to the first column of Table I, and indicate the arrangement of the engines. { Exhaust pulse pressure-charging. 
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PETROL-ENGINED WELDING SET. 

THe petrol-engine driven welding set illustrated in 
Fig. 1, on this page, has been designed by the Lincoln 
Electric Company, Limited, Welwyn Garden City, 
Hertfordshire, in co-operation with the oil companies 
who are likely to be the principal users. A six-cylinder, 
six-litre Meadows engine is used as a driving unit and 
this has a cylinder bore of 100 mm. and a piston 
stroke of 130 mm.. and is capable of developing 67 brake 
horse-power at the normal speed of 1,500 r.p.m. The 
cylinders form a monoblcc iron casting with a detach- 
able head of the same material, which is provided with 
specially-designed combustion chambers. Detachable 
valve guides are fitted. The crankcase is of aluminium 
and is divided lengthwise, while the crankshaft is of 
high-tensile steel. It is carried in seven bearings, 2% in. 
in diameter. The connecting rods are H-section steel 
stampings with white-metal lined big ends, while the 
pistons are of die-cast aluminium with four rings, all of 
which are above the gudgeon pin. The single cam- 
shaft is carried on five bearings and is driven by a 
j-in. pitch roller chain, the tension of which is adjusted 
automatically. The valves are operated through 
short push rods and mushroom-headed heat-treated 
steel tappets. The magneto, dynamo, water-pump 
and fan are also driven by a roller chain, the adjust- 
ment of which is effected by a spring-controlled 
jockey wheel. The Simms magneto runs at 1-66 times 
the engine and is fitted with an impulse starter. 
Owing to the fact that under oil-field conditions bat- 
teries are liable to deteriorate, starting on the set is 
effected by a compressed-air motor. Air for this 
purpose is stored in cylinders which are charged from a 
compressor, driven from the crankshaft by a belt, and 
water-cooled. 

As the unit has been designed for operation in high 
ambient temperatures, it is provided with an extra 
large radiator which is connected to a system holding 
about ten gallons of water. Circulation through this 
system is assisted by a centrifugal pump which is 
connected to the cylinder block by an aluminium 
pipe. The lubricating oil is cooled by a spiral tube 
radiator which is placed immediately in front of the fan. 
The oil itself is forced through the lubricating system 
by a submerged-type gear pump, which is connected 
to a pipe running the whole length of the crankcase. 
It then passes to the crankshaft, which is provided with 
ducts through which the main bearings are supplied. 
An auxiliary pump next supplies the oil to the hollow 
camshaft, timing chain and valve gear, and thence 
along ducts drilled in the rockers to the push rods 
and valves, finally returning to the sump through 
holes drilled in the cylinder head. It is claimed that, 
as a result of these cooling arrangements, the machine 
can be operated at full load in an ambient temperature 
of 125 deg. F. 

The governor is of the centrifugal type with needle 
rollers and is operated from the chain drive. The 
engine is fitted with a device which allows it to idle 
at low speed when not welding and to increase in 
speed automatically directly the arc is struck. On 
the other hand, the speed of the engine is not affected 
by a momentary interruption of the arc ; in fact a reduc- 
tion in speed does not occur until an interval sufficiently 
long to allow an electrode to be changed has elapsed. 

The engine is directly connected by a flexible coupling 
to an interpole generator with a completely laminated 
frame and pole pieces and designed sc that no external 
reactance or stabiliser is required. It has an output 
of 400 amperes at 40 volts, the range for welding duty 
being 80 to 500 amperes and 25 to 40 volts, thus enabling 
metallic-are welding with bare cr heavily-coated elec- 
trodes or carbon-are welding to be carried out. The 
open-circuit voltage can be adjusted in a continuous 
sequence of fine steps by a shunt-field rheostat, while 
the current can be similarly and independently varied 
by controlling the series field. This combination, it is 
claimed, enables the volt-ampere a which is 
most suitable for the work in hand to be selected. All 
the control parts are enclosed in a steel cabinet on the 
front of which the necessary handles are mounted, as 
shown in the illustration. This panel also carries a 
snap-action polarity-reversing switch, the position of 
which is indicated on a dial. The generator is sepa- 
rately excited to improve the performance and the 
generator for this purpose is mounted cn the same shaft 
and driven through a sleeve. 

The engine, generator and radiator are mounted on a 
channel-steel frame which is braced and welded and 
is enclosed in a housing with a pressed-steel canopy 
and two side doors which are hinged at the top and 
spring fastened at the bottom. There is also a hinged 
door at one end through which access is obtained to the 
control panel. 

It is often desirable to provide electric welders, with 
a cable connector which can be quickly detached. 
Some of the apparatus which has been designed for 
this purpose, however, has certain operating dis- 
advantages; and the problem has therefore recently 
received the attention of the Lincoln Company. The 
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result is a quickly-detachable connector, the construc- 
tion of which will be clear from Fig. 2. As will be 
seen, the current-carrying parts of this device consist 
of four elements—a socket and a plug, by which the 
final connection is made; and two terminal sleeves, 
in which the incoming cables are secured and which are 
screwed into the socket and plug respectively. These 
sleeves have a hemisphere machined at one end round 
which the thin wire strands of the cable are spread. A 
locking ring is also incorporated which, when screwed 
into place, holds the strands between its lip and some 
part of the hemisphere, depending upon the size of the 
cable. Screwing up this ring to finger tightness usually 
provides an adequate joint both mechanically and elec- 
trically. A spanner can, of course, be used, if necessary; 
and in either case the joint can be broken at any time 
without damaging the ends of the cable. The plug 
portion of the connector is solid metal, while the socket 
portion is cross cut into four segments. When the plug 
is inserted, the socket therefore, gives somewhat and 
grips the plug. To ensure positive physical locking a 
groove is machined in the plug to receive a stud on 
the socket, entry being facilitated by a flat, which is 
machined on one side of the plug. The use of solder 
is therefore unnecessary and the grip, it is claimed, 
is sufficiently firm to prevent the cables from being 
pulled out. 

The current-carrying parts of the connector are pro- 
tected by sheaths of tough rubber of the type used for 
covering cables. This material has the advantage that 
it will neither chip nor crack, while its dielectric and 
physical strengths and its low weight all render it satis- 
factory for the purpose. The exteriors of the sheaths 
are smooth, thus minimising the risk of damage. To 
ensure watertightness a collar is provided on the outside 
end of each sheath, which grips the rnbber-covering of 
the cable. Each half of the sheath is located by a 
continuous tongue which engages in a circumferential 
groove on the metal core. With the two halves 
securedly located in this way the rubber stands 4, in. 
proud of the metal and is compressed when the plug 
and socket are connected. The result is a butt joint, 
which ensures watertightness. 

The connector will take cables from No. 4 to No. 0 
so that it will carry the usual welding current without 
overheating. It can also be used for connecting cables 
of different sizes. 





ELECTRICITY SUPPLY STATISTICS.—-The monthly statis- 
tical statement issued by the Ministry of Fuel and Power 
shows that 4,242 million kilowatt-hours of electricity were 
generated in February last, compared with 4,231 million 
kilowatt-hours in the corresponding month of 1948, an 
increase of 0-3 per cent. The fuel consumed amounted 
to 2,438,000 tons of coal and 4,400 tons of oil, compared 
with 2,521,000 tons of coal and 3,900 tons of oil in 
February, 1948. The installed capacity was 13,250 MW, 





an increase of 295 MW, or 2-3 per cent. 
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Industrial Adhesives.—A list of synthetic-resin adhe- 
sives for assembly gluing, plywood and veneering, 
edge-to-edge gluing, and metal bonding, is given in a 
leaflet issued by Aero Research Limited, Duxford, 
Cambridge. Brief particulars regarding the properties 
and uses of each adhesive are given. 


Carburetted Water-Gas Plant.—The Power-Gas Cor- 
poration, Limited, Parkfield Works, Stockton-on-Tees, 
have sent us a copy of their latest publication, dealing with 
P.G. carburetted water-gas plant. Sectional draw- 
ings, in colour, and a full description of plant having 
capacities up to 750,000 cub. ft. a day are given. 


Ovens and Drying Plant.—A new general catalogue of 
oven and drying plant for paints, enamels and metal 
finishes ; core and mould drying ; tin printing, varnishing 
and lacquering ; vitreous enamelling and other purposes, 
has been issued by Messrs. Stordy Engineering Limited, 
Midland Chambers, Princess-street, Wolverhampton. 


Silica Gel.—The principal applications of Sorbsil 
silica gel in air drying, vapour adsorption and gas drying, 
and as a catalyst “support,” are given in a brochure 
(technical publication No. 21), issued by Joseph Crosfield 
and Sons, Limited, Chemical Department, Warrington, 
Lancashire. Graphs and line-drawings of plant are 
included. 


Hole Cutter and Tube Cutter.—Messrs. Fry’s (London), 
Limited, 56, Southwark-street, London, 8.E.1, have 
prepared a leaflet on an improved form of their Enox 
hole cutters for electricians; the tools are double- 
ended so as to reduce the weight to be carried. The 
leaflet also shows the Enox tube cutter, which is made in 
two sizes. 


Aluminium Casting Alloys.—Messrs. Renfrew Foun- 
dries, Limited, Hillington, Glasgow, S.W.2, have sent us 
a copy of a new publication giving many data on the 
chemical, physical and mechanical properties of a wide 
range of aluminium founding alloys. Illustrated technical 
notes on the design of castings and guidance on desirable 
dimensional tolerances are also included. 


Electrodeposition of Metals.—Brailey Electroplaters 
Limited, Chapel-street, Salford, 3, Lancashire, have 
published a 32-page brochure which contains compre- 
hensive data regarding their process for electrodepositing 
chromium, nickel, cadmium, copper, silver and other 
metals for reclaiming worn or undersized steel parts or 
for resisting wear and corrosion. 


Air Conditioning for Railway Carriages.—Messrs. J. 
Stone and Company, Limited, Deptford. London, S.E.14, 
have published an attractive booklet on railway air- 
conditioning by the Stone-Carrier system. It contains 
numerous illustrations of air-conditioned carriages, a 
brief description of the system, a statement on its 
advantages, and drawings showing the equipment which 
was fitted to H.M. the King’s coach for the Royal Tour 
of South Africa. 
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THE PHYSICAL SOCIETY’S 
EXHIBITION. 


TuE 33rd exhibition of scientific instruments and 
apparatus organised by the Physical Society was 
opened at the Imperial College of Science and 
Technology, South Kensington, London, 8.W.7, on 
Tuesday, April 5, and remains open until to-day 
(Friday, April 8). The formal opening ceremony 
was carried out by Professor G. Finch, F.R.S., 
President of the Society, on the afternoon of the 
first day and, as has been the case for the past 
two years, the exhibition was open for three further 
full days. In spite of the fact that admission is by 
ticket only and that the morning sessions were 
reserved for members of the Society and special 
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ELECTRON-DIFFRACTION CAMERA; Messrs. METROPOLITAN- 


that of electronics, had given the instrument designer 
new aids in the achievement of his : 
Modern scientific instruments incorporated features 
which reflected these changing circumstances and 
took advantage of the new techniques available. 
On Thursday, April 7, Dr. O. R. Frisch reviewed 
“The Methods and Instruments Used in Energy 
Measurements on Particles Emitted from Atomic 
Nuclei.” He described various forms of ionisation 
chambers, proportional and Geiger-Miiller counters, 
liquid and crystal counters, and scintillation counters 
and discussed their merits and suitability for the 
measurement ofenergy. He also discussed magnetic 
and electric deflection methods in conjunction with 
counters and cloud chambers and described in 
detail a number of patterns of auxiliary apparatus. 

When a beam of electrons is directed on to a 
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Vickers Evecrricat Company, LIMrrep. 


visitors, the rooms were often uncomfortably 
crowded, thus again raising the question whether 
some more convenient venue cannot be found in 
future for this highly educational display. 

On the first day a lecture on ‘“‘ Some Problems of 
Wave-Diffraction in the Ionosphere ” was given by 
Mr. J. A. Ratcliffe, who pointed out in the course of 
his remarks that observations showed that radio 
waves were returned from the ionosphere by a pro- 
cess of diffractive reflection, as if from a rough 
surface. The consequent “fading” was produced 
by movements of the random irregularities in this 
surface and was related to their turbulent or regular 
motions. In a lecture on ‘‘ Some Modern Aspects of 
Scientific Instruments,” delivered on Wednesday, 
April 6, Mr. A. J. Philpot said that three-factors had 
markedly affected the design of instruments in 
recent years. In the first place, their field of ‘use 
now extended to almost every sphere of human 
activity. In the second, users of instruments 
were no longer all specialists and only a small 





proportion. were scientists. Lastly, advances in 
science and the emergence of new branches, notably 





specimen, consisting of a thin layer of metallic or 
non-metallic material, the diameter, intensity and 
sharpness of the rings forming the resulting diffrac- 
tion pattern can be observed or photographed ; 
and the dimensions, orientation and atomic arrange- 
ment of the crystals forming the layer can be calcu- 
lated. An electron-diffraction camera, of which an 
example was shown on the stand of the Metropolitan- 
Vickers Electrical Company, Limited, Trafford 
Park, Manchester, 17, is therefore of particular 
value for studying the effects of corrosion, lubrica- 
tion and catalysis. The particular instrument 
exhibited, which is illustrated in Fig. 1, on this page, 
consists of a totally-enclosed hot-cathode biased 
electron gun, a shrouded magnetic focusing coil, a 
specimen-manipulating stage, a viewing chamber 
and a recording camera. The necessary high voltage 
required for operation is supplied from a 100-kV 
high-frequency stabilised direct-current set, which 
is enclosed in a sheet-steel cabinet. 

The electron beam produced by the electron gun 
passes through a single magnetic lens, at the centre 
of which is a limiting aperature, and is fooused 


on a fluorescent screen where a spot of very small 
diameter is formed. The electron gun and condenser 
assembly can be moved laterally with respect to the 
camera or can be tilted, so that an undiffracted spot 
can be formed on any part of the screen. The 
focusing lens, which is supplied with stabilised cur- 
rent, may also be moved laterally, so that it can be 
aligned with the axis of the electron beam from the 
gun. As the penetrating power of the electron beam 
is insufficient for transmission patterns to be 
obtained with other than thin films, reflection pat- 
terns must be used for opaque objects. In either 
case, the specimen is mounted on a plate, which can 
be rotated, tilted or moved transversely with respect 
to the electron beam. The mechanism carrying this 
plate can be insertéd in the camera at three levels 
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to give specimgn-to-screen distances of 12, 25 and 
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40 cm., respectively. Inspection ports are available 
at each of the three specimen levels and a low- 
voltage electron gun can be mounted opposite the 
plate to remove the charge from the specimen 
during reflection working. 

The vacuum is maintained by an oil-diffusion 
pump, backed by a rotary oil pump, both of which 
are of Metropolitan-Vickers manufacture. Two 
cam-operated vacuum tap3 on the rough side and a 
flap valve above the diffusion pump enable the 
vacuum to be controlled and permit the pumps to 
be left running when the camera is permitted to rise 
to atmospheric pressure while the plate or specimen 
is being changed ; the vacuum can be restored to 
working pressure in about three minutes. The 
photographic equipment consists of an internal plate 
camera carrying two 3} in. square plates, each of 
which may be exposed as a whole or in two halves 
for comparative work. As will be seen from Fig. 1, 
the camera is mounted on a steel desk with a clear 
writing space to the right, while on the left is a 
panel, which carries the controls for the high- and 
.ow-tension guns and the lens circuit. Meters 
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Fie. 5. Crrcurr-MaGniFicaTion METER ; 
INSTRUMENTS, LOMITED. 


indicating the lens current, the electron-beam 
current and the vacuum are mounted on a sloping 
panel at the rear. 

The direct-current set contains a high-voltage 
oil-immersed transformer-rectifier unit, which is 
supplied from a-high-frequency source. This ar- 
rangement has made it possible to reduce both the 
size and weight of the instrument. The output of 
the high-voltage generator is stabilised by a feed- 
back amplifier, which controls the amplitude of the 
oscillator feeding the high-voltage unit. The high 
voltage can be adjusted to 25 kV, 50 kV, 75 kV or 
100 kV by a selector switch. Integral with the 
high-voltage generator is a low-voltage stabilised 
source of high frequency. This is used to supply 
the filament of the electron gun. A stabilised variable 
current source for the condenser lens is also provided. 
The high-voltage and filament supplies are obtained 
from the high-voltage generator and are trans- 
mitted to the camera through a sereened cable, 
which is connected directly to the electron gun. 
The power consumption of the camera is about 
2 kVA at a pressure of 200 volts single phase, 
while about 0-2 gallon of cooling water per minute 
is required by the oil-diffusion pump. The desk on 
which the camera is mounted occupies a floor space 
of 3 ft. 2 in. by 2 ft. 6 in. and the overall height of 
the instrument is 6 ft. 6 in., the weight being about 
420 Ib. 

Another instrument on the Metropolitan-Vickers 
stand, of which mention may be made, is the limited- 
range mass spectrometer. This is a simplified 
adaptation of the general-purpose mass spectro- 
meter exhibited last year; and has been designed 
primarily for the determination of abundance ratios 
in the mass range 1 in 70. The construction allows 
the instrument to be used for routine isotropic 
tracer work by operators of moderate experience. 
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At the same time, the needs of physical research 
have been borne in mind, and the makers state that 
the instrament can be readily adapted to a wide 
variety of research problems. It is of the 90-deg. 
sector type with a tube of 10 cm. radius, while the 
nominal resolution is 100A. The controls for 
electron emission and ion acceleration have been 
designed so that an accuracy to within + 0-5 per 
cent. can be achieved in determining the abundance 
ratios of nitrogen, oxygen, carbon and sulphur. 
Isotopes of a given element are selected by manual 
adjustment of the ion-accelerating voltage. By 
varying the magnetic field the maximum accelerat- 
ing voltage of 2,000 can be used for all ions with 
a mass of less than 70, thus ensuring optimum 
resolution at both lower and higher mass numbers. 
Beam strengths are measured by a stable direct- 
current amplifier and the final indication is given 
on a 8-in. diameter mirror-scale milliammeter. 
Duplicate beam controls are provided, so that for 
isotropic work the change-over from one beam to 
another can be effected by a selector switch. 

Considerable interest is being shown in the elec- 
tronic simulator, exhibited for the first time on the 
stand of the Sperry Gyroseope Company, Limited, 
Great West-road, Brentford, Middlesex. This equip- 
ment, which is illustrated in Fig. 2, on page 313, 
has been developed primarily for use in the firm’s 
research laboratories as a means of reducing the 
effort expended in solving the mathematical pro- 
blems connected with aerodynamic motion, the 
remote control of guns and servo-mechanisms, to 
mention only three applications. It enables com- 
plete or certain links in mechanical or electro- 
mechanical systems to be simulated. The problem 
can be set up quickly and the answer obtained 
immediately, while parameters may be varied as 
required. 


MotstuRE Meter; Messrs. Marcont INSTRUMENTS, 


Although full details of the construction of the 
simulator are not yet available it may be stated 
that the equipment comprises ten “ integrators,” 
five adding units, an oscilloscope unit, a loop inter- 
connecting socket panel and stabilised supplies of 
direct-current at 2 kV and between + 300 volts. 
The title “integrator” describes the construction 
of the unit rather than its function. It is, in fact, 
a three-stage direct-current amplifier with a gain 
of 2,500, which comprises two amplifying stages and 
a low-impedance cathode follower output. Two 
cathode followers are used to give both positive 
and negative outputs. The simulator used with 
its associated resistance-capacitance unit to inte- 
grate, differentiate or perform any of the functions 
of a direct-current feed-back amplifier with variable 
feed-back and input resistance-capacitance net- 
works. These units consist of two resistances 
which can be varied in 1,000 ohm steps between 
1,000 ohm and 7 megohms; and two capacit- 
ances, one variable in steps of 0-001 microfarad 
from 0-001 to 7 microfarads and the other in 
six steps from 0-001 to 1 microfarad. ‘ime 
constants from 1 microsecond to 49 seconds can 
thus be obtained. A 12-position switch on each 
resistance-capacitance unit is used to connect it 
to the integrator, so that the desired output function 
can be obtained. Each adding unit consists of a 
single cathode follower. The voltages to be added 
are fed to the grid and the sum is taken out from the 
cathode. Provision is made for the addition of 
four quantities. The oscilloscope unit comprises 
a pulse generator, the frequency of which varies 
from 4 to 50 cycles per second. It also comprises 
a sweep generator which is synchronised with the 
pulse generator, a calibrator, which delivers timing 
pulses at intervals of 4 to 50 milliseconds and a 
Kodatrace recorder. The solution of the problem 
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is presented on the screen of a cathode-ray tube 
and may be recorded by tracing the cathode-ray 
response curve on Kodatrace, which is fed across 
the face of the tube from a box at the side. 

The principal exhibit on the stand of Sir Howard 
Grubb, Parsons and Company, Walker Gate, New- 
castle-upon-Tyne, 6, is a double-beam infra-red 
spectrometer, an important advantage of which 
is that it can be used to obtain a direct plot of 
percentage transmission against wave-length. It 
thus differs from the usual single-beam instrument, 
in which an energy-wavelength record is given. 
‘he spectrometer proper in this double-beam 
equipment is a standard instrument. A special 
radiation unit, shown on the left of Fig. 3, opposite, 
has been attached, however, to provide a means of 
switching the radiation beam alternately through 
the sample and the blank, the frequency of the opera- 
tion being about 10 per second. Any inequality in 
transmission between blank and sample results in 
an alternating-current signal being obtained from 
the detecting unit of the spectrometer. After 
amplification, this signal drives a servo-motor, 
which moves a comb-shaped dia in and out 
of the beam passing through the blank cell. When 
equality is established, the energy is the same 
whether the radiation is passing through the blank 
or the sample, so that no alternating signal is pro- 
duced by the detector. The servo-motor therefore 
stops. The position of the comb, which is, of 
course, a measure of the percentage transmission 
of the sample, is automatically recorded. As the 
wavelength setting of the spectrometer steadily 
changes, the comb position is continuously varied 
to maintain a balance between the two beams and 
the resulting record gives the desired relationship 
between percentage transmission and wavelength. 
As adequate power is available to drive the recording 
pen the width of the chart that can be used is not 
limited. It should be added that the instrument 
exhibited is an experimental model, which may be 
modified before production is undertaken. 

The magnetic amplifier, which may be regarded 
simply as a development of the direct-current 
saturated choke, has been in use for over 25 years. 
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Until recently, however, it has been rather over- 
shadowed by the thermionic valve, but improve- 
ments in magnetic materials and metal rectifiers, 
combined with a desire to minimise the use of relays 
and valves, have called attention to its advantagesi 
Magnetic amplifiers, for instance, can be used as 
direct-current amplifiers or as direct to alternating- 
current controllers in a number of applications, some 
of which are illustrated at the exhibition on the 
stand of Messrs. Elliott Brothers (London), Limited 
Century Works, Lewisham, London, §8.E.13. As 
these amplifiers are essentially low-impedance 
devices they are complementary to the valve or 
relay and can often be used advantageously in com- 
bination with them. This point may be exemplified 
by referring to the magnetic ic counter 
illustrated in Fig. 4, on the opposite page. This 
counter has been designed by Messrs. Elliott 
Brothers to meet the demand for a robust unit, 
in which high speed of operation, as in the counting 
of small boxes, is not of paramount importance. It 
comprises a 24-watt lamp, which is underrun to 
ensure long life. A parallel beam of light from this 
lamp is projected on to a barrier-layer photo cell, 
special precautions being taken to exclude stray light 
which might result in faulty operation. The signal 
from this photo cell is amplified by a two-stage 
magnetic amplifier, which operates a Post-Office 
type relay, the latter, in turn, controlling the counter. 
The amplifier, power transformer (which also supplies 
the lamp) and relay are mounted on a removable 
chassis, which is fitted in a watertight cast-alumin- 
ium box; the individual amplifier units are also 
hermetically sealed in metal cans. The contacts 
are designed usually to carry 5 amperes at 250 volts, 
but any standard arrangement can be fitted. 
Provision is also made so that an additional relay 
and rectifier can be included for controlling other 
circuits. The total power consumption is 25 watts ; 
and the response time is better than } second, thus 
permitting normal counting rates of 60 per minute. 
The maximum working distance between the lamp 
and the photo cell is 10 ft. 

Messrs. Marconi Instruments, Limited, St. Albans, 
Hertfordshire, are exhibiting a circuit magnifica- 
tion meter, a photograph of which is reproduced in 
Fig. 5, opposite. This is primarily a direct-reading 
meter, which is intended for use in the frequency 
range 15 to 170 megacycles persecond. A feature of 
the design is that only one meter is employed for the 
simultaneous monitoring of the injected and deve- 
loped electro-motive forces by a balance method 
which renders the oscillator level non-critical. The 
controls consist of an oscillator-frequency dial, a 
slow-motion tuning dial for the test circuit and a 
dial, which is calibrated to indicate the coil amplifi- 
cation factor (Q). The oscillator comprises a single 
valve, which covere the frequency range in four 
bands, the tuning condenser being calibrated in 





frequency. The ‘test circuit includes a very low 
inductance into which the output from the oscillator , 


is injected in series with the coil under test, tuning | 


being effected by an internal low-loss condenser, 
which is calibrated directly in capacitance. The 
injected voltage and the voltage developed across the 
tuned circuit at resonance are rectified by indepen- 
dent diode systems and are applied in opposition to a 
bridge-connected direct-current amplifier with centre 
zero balance indicator, balance being obtained by 
adjusting a variable resistance calibrated in coil- 
amplification factors. The instrument is housed: in 
a cast-aluminium case with an inclined panel and 
having heavy terminals for the test components 
adjacent to a horizontal top desk. 

The moisture meter exhibited by the same firm 
is illustrated in Fig. 6, opposite. This is a portable 
instrument designed for the rapid and accurate esti- 
mation of the moisture content of a wide range of 
hygroscopic materials—particularly those of organic 


| | origin—under field or laboratory conditions. The 


test cell, which is of the compression type, is suitable 
not only for granular or fibrous substances, but can 
be used also with specimens in the form of sheets or 
boards. An important characteristic of the test cell 
is that a high pressure is applied to the specimen 
during the test. This brings the material to a 
uniform state, eliminates packing errors and mini- 
mises the effect of uneven moisture distribution. 
In the case of the commoner cereals the instrument 
is direct reading, but for other substances chart 
tables are required. The range extends from 
near-saturation to below air-dry values, but is 
dependent to some extent upon the substance and 
upon the temperature. For the greatest accuracy, 
whether by oven methods or by electrical means, 
an average should be taken on account of the com- 
paratively random nature of moisture distribution. 
Under adverse conditions individual deviations up 
to + 1 per cent. may be encountered. In general, 
however, a basic accuracy against a specified 
standard of at least + 0-5 per cent. with a repeata- 
bility well within 0-2 per cent. may’ be encountered. 
The standard model takes its supply from internal 
dry batteries, but these may be replaced by an 
alternating-current mains unit. 

Messrs. Kelvin, Bottomley and Baird, Limited, 
Basingstoke, Hampshire, are showing a hand 
anemometer, which we illustrate in Fig. 7. This 
instrument has been designed to give a direct 
indication of wind speed at sea, on aerodromes, 
at meteorological stations, and at other places where 
an immediate local indication of conditions is 
required. It consists of an accurately-balanced 
cup system, which is connected by a shaft to a 
magnetic-drag mechanism in the body of the 
instrument. The shaft runs on ball bearings and 
carries a four-pole magnet and keeper on the end 
remote from the cups. A copper-alloy drum, which 
is restrained by a hair spring, is located in the air gap 
between the magnet and the keeper. The drum 
also carries a pointer, which moves over a nearly 
uniform semi-circular scale. This scale is visible 
through a window in the side of the case. Advan- 
tages of the magnetic-drag principle are that it 
enables internal gearing to be dispensed with and 
allows the use of a light system, thus ensuring quick 
response and high accuracy. All the readings are 
to within + 1 m.p.h. up to 20 m.p.h. and to within 
+5 per cent. up to a maximum of 100 m.p.h. 
The scales can also be calibrated in knots or in 
kilometres per hour within the same range. The 
instrument is provided with a handle and rest so 
as to prevent damage to the cups when it is laid 
on its side. 

Another instrument shown on this firm’s stand 
is the synchroscope illustrated in Fig. 8. This has 
been designed for use on multi-engine aircraft to 
indicate the difference in speed between a selected 
master engine and the other engines, and thus to 
give a more convenient and accurate method of 
obtaining synchronism between them than is 
possible by a direct comparison of the speed- 
indicator readings. The instrurrent illustrated is 
intended for use on four-engined aircraft and, as will 
be seen has three pointers, each of which indicates 
the difference in speed between the particular engine 
and the master engine. To synchronise the engines 
the speed of the master engine (No. 1) is set to 
the value required and the other engines are then 
adjusted until the synchroscope pointers are 
stationary. Ifthe speed of an engine under examin- 
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ation exceeds that of the master engine, the appro- 
priate pointer rotates clockwise, while if it is less 
the rotation of the pointer is counter-clockwise. 
Essentially, the instrument consists of three synchro- 
scopes each of which comprises a three-phase stator 
‘and a three-phase rotor. Both the master engine 
and the engines under test are provided with small 
generators, which produce current at a frequency 
which is directly proportional to their speed. One 
of thege generators is connected to the stator and 
the other to the rotor of the synchroscope, so that if 
both are running at the same speed the frequencies 
of the two applied voltages will be equal and fields 
rotating at this speed will be set up in both stator 
and rotor. Under these conditions the pointer 
which is attached to the rotor, will remain stationary. 
If either engine slows down, however, the two 
fields will rotate at different speeds and the rotor 
will revolve in one or other direction, according to 
which engine is faster, its speed corresponding to 
the difference in engine speed. Another type of 
instrument has been designed for use on twin- 
engined aircraft. 

In accordance with a practice adopted at the past 
two Physical Society exhibitions, the Cambridge 
Instrument Company, Limited, 13, Grosvenor-place, 
London, S.W.1, are confining their display on this 
occasion to one class of the wide range of instruments 
that they manufacture. A complete range of gal- 
vanometers and electrometers for direct and 
alternating current have been selected for this 
purpose. We propose to deal with this interesting 
exhibit at greater length in a subsequent issue. It 
may be pointed out, however, that 39 different 
galvanometers are being shown, including types 
with long or short periods, ballistic, high or low 
frequency, astatic and electrostatic patterns, as well 
as instruments of the kind embodied in electronic 
valve circuits. The exhibit also comprises both 
reflecting and pointer types as well as those pro- 
vided with large illuminated scales for lecture and 
classroom use. Many of these instruments, we 
understand, are new, and most of the remainder have 
been re-designed so as to make use of the greatly 
improved magnetic materials now available. As a 
result, it has been possible to increase the sensitivity 
and robustness and to reduce the weight and size. 
The opportunity has also been taken to standardise 
parts, thus providing interchangeability, and to 
modify the appearance to conform with modern 
views. It is unlikely that so comprehensive a range 
of galvanometers has been shown before by a single 
manufacturer and it is not surprising, therefore, 
that the exhibit has attracted a great deal of 
interest. 

The mirror galvanometers for direct-current mea- 
surement in this exhibit include a d’Arsonval instru- 
ment for general laboratory work and students use 
a “‘ pot” galvanometer for general use, a ballistic 
galvanometer for measuring high insulation resist- 
ance and a short period galvanometer which is 
fitted with a coil with strained suspension, thereby 
giving a short period and excellent zero-keeping 
characteristics. Unipivot galvanometers of various 
patterns for direct-current measurements are also 
shown, while the mirror galvanometers for alternat- 
ing-current measurement include a Campbell vibra- 
tion instrument. Among the electrometers is a 
pattern due to Lindemann, which was designed for 
use in making photo-electric measurements in 
astronomical work and for cosmic-ray investigations. 
In connection with this display it should be remem- 
bered that the selection of the most suitable galvano- 
meter for a particular purpose is often difficult and 
commonly necessitates a compromise. To obtain 
high sensitivity, for instance, generally requires 
some sacrifice with respect to period. Again, the 
critical damping of a system is often overlooked, 
and the internal resistance of the instrument is 
frequently of greater importance in connection with 
measurements in which the values of the external 
resistances cannot be adjusted. It may be added 
that all the moving-pointer galvanometers exhibited 
have been individually calibrated and fitted with 
parallax mirrors to give accurate i All 
the instruments are also fitted with clamps so that 
they can be moved without damage. No instru- 
ment that is not in production is being shown. 

(To be continued.) 
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Rockets and Space Travel. By Witty Ley. Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 18s. net.) 

Tuts is an excellent book, written by a veteran of 

rocket studies, well printed and well . It 

bears a sub-title, “‘ The Future of Flight beyond the 

Stratosphere,” but is not extravagant in its claims. 

The author has been long known as a rocket enthu- 

siast. His first book a in 1926 under the 

title Die Fahrt ins Weltall (Travel into Space), he 

participated in a symposium in 1928, and wrote a 

short history of rockets in 1931. He took part 

in many of the pre-war studies of rockets in Ger- 
many, but left that country in 1935 and has since 
lived in America. 

He commences with an interesting and well 
written account of the history of physical astronomy, 
showing how it has gradually become realised that 
the heavenly bodies might be attainable and what 
dreams men have had on the subject. Next follows 
the story of the rocket from the Chinese “ fiery 
arrows ” of the Thirteenth Century up to the feeble 
rockets of the first World War. He then naturally 

to the conception of the rocket as a means 
of transport beyond the air. Leaving aside fictional 
attempts and wild speculation, the credit for the idea 
seems to belong to the Russian, K. E. Ziolkovsky, 

who first mooted the subject in 1895 and made a 

fairly detailed study which was published in 1903. 

(Sir Isaac Newton is said to have mentioned that 

rockets alone could travel in interplanetary space, 

but we have not been able to trace the reference ; 
in any case, it was never followed up.) The first 
practical-plus-theoretical studies were those of the 

American, Robert H. Goddard, in 1919, published by 

the Smithsonian Institution. All the essential facts 

were contained in this little paper of 69 pages, and 
if any battle for priority is necessary, Goddard has 

a very good claim to be the pioneer, since he made 

definite practical towards a very remote 

but clearly conceived end. On the theoretical side, 
his analysis was brief but excellent, but he was 
much exceeded in this work by Hermann Oberth, 
whose first book appeared in 1923 and has ever 
since been asaclassic. R. Esnault-Pelterie 
produced a good book on the matter in 1928, but 

Oberth’s remains the best. 

Then follow four chapters on the history of the 
developments in Germany from 1913 up to 1943, 
culminating in the production of the unpleasantly 
familiar V2. Much of this matter is based on 
personal experience and is of great interest. The 
remainder of the book deals with the possibilities of 
travel beyond the atmosphere. The V2 had already 
reached up to some 60 miles and American trials 
have succeeded in attaining with it a height of 250 
miles, but this is a long way short of the limits of 
the atmosphere, The atmosphere, in fact, has no 
very definite limit. If air were not compressible, 
the limit would be only five miles, but “ perfect ” 
gas would have no limit. Meteor trails show that 
there is enough gas at, say, 200 miles height to 
cause friction, and some evidence is available from 
the reflection of radio waves. In any case, there 
cannot be much air beyond a height of 1,000 miles. 

The author gives sufficient of the theory to make 
the subject clear without befogging the issue. The 
paramount question is the production of sufficient 
jet velocity. In multiple rockets, arranged in a 
nest-egg system, the ratio of fuel mass to final mass 
can be raised to quite a high value, but even so 
the difficulties are tremendous. A great deal of 
emphasis is placed on the so-called “‘ space station,” 
i.e., a satellite launched from the earth and rotating 
about it at a convenient height. At 600 miles from 
the surface of the earth, it would circle the earth 
once in four hours. At 22,000 miles, it would circle 
once a day ; that is to say, might remain stationary 
in the sky as seen from the earth. It is understood 
that the Nazis were convinced of the military value 
of such a space station and, according to American 
journalists, the United States Government also 
regard it as a matter worth looking into. Mr. Ley 
also is convinced that it willcome. The jet velocity 
of the V2 was about 7,000 ft. per second and the 
maximum rocket velocity was 5,000 ft. per second, 








but the “‘ parabolic velocity ” required to sustain a 
“satellite” near the earth’s surface is of the order 
of 30,000 ft. per second, so that there is a long way 
to go. Until jet velocities of 15,000 ft. per second 
are in sight the prospect is dubious, even if the step 
principle can be economically applied. 

There is also a good deal of information in the 
book concerning military rockets, meteorologic:| 
sounding rockets, take-off rockets for aeroplane:, 
ete., which will be of general interest. A suggestion 
that atomic energy may eventually be applied to 
rocket drive has been made, but this is pure specula- 
tion so far. Oberth suggested that electron or ionic 
repulsion would provide an enormous thrust, but 
unless the jet velocities could be reduced from speeds 
measured in ten or hundreds of miles per second 
almost all the energy would be dissipated. 





Electrons, Atoms, Metals and Alloys. By Dr. WiLLiAM 
HuME-ROTHERY. Published for Metal Industry by 
the Louis Cassier Company, Limited. Distributed by 
lliffe and Sons, Limited, Dorset House, Stamford- 
street, London, 8.E.1. [Price 25s. net.] 

WHEREAS most branches of engineering are rooted 
in classical physics, which has been intensively 
cultivated for the past three centuries, metallurgy 
has only begun to acquire a scientific status since 
the development of modern physics during the last 
three decades. Dr. Hume-Rothery’s contributions 
to scientific metallurgy are well known and his text- 
book on Atomic Theory for Students of Metallurgy is 
widely used by university honours students. He 
has now tackled the difficult task of providing an 
introduction to modern theoretical ideas concerning 
metals suitable for the industrial metallurgist. This 
he presents in the usual form of a conversation 
between a young scientist, who has taken an 
honours degree in physics or physical chemistry 
somewhere between 1930 and 1939, and an older 
metallurgist, who took a high honours degree in 
metallurgy or chemistry in the period 1910-20 and 
who has since devoted himself to industrial problems. 
It may be recalled that some of the earlier concepts 
of classical mechanics were presented in a similar 
form by Galileo in 1638 in his Discourses and 
Mathematical Demonstrations concerning Two New 
Sciences. Itis to be hoped that Dr. Hume-Rothery 
will fare better than Galileo, whose enemies insinu- 
ated that the Simplico who raised fatuous objections 
in the Discourses was, in fact, the Pope. His 
older metallurgist is no hide-bound traditionalist, 
constitutionally impervious to fresh ideas. It is 
possible to sympathise with many of his perplexities 
and confusions in the face of some of the implications 
and ramifications of Heisenberg’s principle, and his 
complaint that “ the mathematical physicists either 
won’t or can’t explain what they are doing, at any 
rate in such a way that I can understand them ” is 
assuredly not without justification. By no means 
all questions that he asks are trivial, neither are 
all his criticisms irrelevant. The dialogue method 
possesses the advantage that points of difficulty can 
be specifically raised and Dr. Hume-Rothery’s wide 
experience has shown him what these are most likely 
to be and how best they can be dealt with. 

The subject matter is divided into four parts. 
The first, on “ The Nature of an Atom,” traces the 
growth of atomic theory from its original formula- 
tion by Bohr to its reformulation in terms of wave 
mechanics. Fundamental concepts such as the 
wave-particle duality, the principles of Heisenberg 
and of Pauli, are clearly brought out and the extra 
nuclear structures of free atoms are approached by 
easy stages. Prominence is given here, as elsewhere 
to phenomena that were difficult or impossible to 
explain in terms of the old theories, but which 
admit of satisfactory interpretation on the new. 
In Part II a start is made to satisfy the impatience 
of the older metallurgist to get to grips with his 
metals. The crystal character of metals is illus- 
trated ; and the soft X-ray spectroscopic evidence 
concerning the energy relations of the electrons in 
metals is discussed. The massive over-simplification 
of the free-electron theory of metals is shown to 
lead to significant results in connection with the 
electronic specific heats of metals. Other topics 
treated include Brillouin zones, van der Waals 
forces and covalent bonds, typical crystal structures 
of metals, atomic diameters of the elements, the 
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interpretation of the electric and magnetic proper- 
ties of metals and the problem of plastic deforma- 


tion 

Part III, on “‘ The Nature of an Alloy,” ventures 
into deeper waters and the electron theory of alloys 
as 80 far elaborated relates mainly to single phases 
and to states of equilibrium between two or more 

Nevertheless, progress has been made 

towards the objective of producing alloys that shall 
have specified physical properties. The conversa- 
tions on intermediate phases in alloy systems and 
on superlattice structures and interstitial com- 
pounds in alloys are particularly clearly presented. 
The last part is devoted to the structure of the 
nucleus. Though it has little direct bearing on 
metallurgy, the development of nuclear reactors is 
likely to make demands on the skill and science of 
the metallurgist similar to those that had to be 
overcome before the jet engine became a practical 
proposition. The topics treated are natural and 
artificial disintegration of atoms, fundamental 
particles, the structure of the nucleus and nuclear 
fission. One of the few misprints occurs on page 345, 
where “ Wilson ”’ should read ‘‘ Walton.” It is to 
be hoped that the suggestions made in the concluding 
section will receive the attention that they deserve. 

The amount of ground covered is astonishing and, 
though primarily intended for older metallurgists, 
this book could be studied with equal age ¥ 
young physics students before beginning t 
honours courses. By his less conventional and uae 
human approach, Dr. Hume-Rothery contrives to 
lead his reader from the classical beaten track up 
to the high hills and to give him a glimpse of fresh 
perspectives. Inevitably, with his self-imposed 
limitations, he is often compelled to resort to wave- 
mechanical tactics and tunnel through a peak 
instead of scaling its summit. However, he is 
perfectly frank in stating that no purely descriptive 
account can provide a working knowledge of the 
new theories. Even so, the view from the new 
vantage points is bound to help towards making the 
practical metallurgist aware of, receptive to, and 
well disposed towards the new ideas. To have con- 
tributed so successfully towards this desirable end 
is no mean achievement. 





Theory and Application of Microwares. By PROFESSOR 
ARTHUR B. BRONWELL and PROFESSOR ROBERT BD. 
Bzam. McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
6 dols.}); and MoGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 36s.] 

Ultra-High Frequency Transmission and Radiation. By 
NaTHAN MARCHAND. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
[Price 4.50 dols.}; and Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [Price 27s. net.) 

Tue rapid development of radar during the war 

created a constant demand for the opening up of 

ever-shorter wavelengths in order to improve 
discrimination and to decrease the physical size, 
particularly of airborne equipment. There is now 

a wide field of micro-wave application and, in this 

country especially, there is an acute shortage of 

qualified and/or experienced workers. To anyone 
intimate with war-time radar de t here and 
in the United States the most marked contrast 
must have been that between the numbers of first- 
class de t engineers available in the respec- 
tive communication industries. The well-trained 
man was all too rarely eneountered in this country, 
and the need has not diminished since 1945. There 
are now new techniques to be mastered by the 
communication engineer. As radio frequencies 
increase, it becomes necessary to overcome the 
effects of electron transit time in conventional 
oscillators and amplifiers, and oscillators such as the 
klystron and magnetron t a new and 
important field for study. On the radio-frequency 
cireuit and transmission side, the basic theories of 
transmission lines and of wave-guide propagation 
become of considerable practical significance. 
Micro-wave development, in fact, has brought the 
engineer into closer contact with the classical 
theories of Maxwell, Hertz and Rayleigh than ever 
before. Considering the fundamental contributions 
to micro-wave which were made in 
this country under the stress of war, typified by the 





work on the multiplé-cavity magnetron by J. T. 
Randall and H. A. H. Boot in 1940, it is to be re- 
gretted that there is so little technical literature on 
the subject originating here which can be set against 
the enormous out-pouring from the United States. 
The practical application of miero-wave techniques 
to military problems during the war has been 
thoroughly covered by the Radiation Laboratory 
Series of 28 volumes: The two books here reviewed 
are good examples of a growing number of text-books 
covering the fundamental aspects of the subject. 
The scope of Ulira-High Frequency Transmission 
and Radiation (previously published in 1943 as 
Ultra-High Frequency Antenna and Transmission 
Technique) is defined exactly by the title. The 
subjects covered are presented in a logical order: 
co-axial and balanced transmission lines, electro- 
magnetic field equations, radiation and antenne, 
and waveguides. Theory and Application of 
Microwaves covers these subjects and also that 
of electron tubes and the generation of radio-fre- 
quency oscillations. The authors’ dismissal of 
radar and pulse modulation in a dozen pages and the 
single chapter on transmitting and receiving systems 
are, however, out of keeping with the exhaustive 
treatments given throughout the rest of the book, 
and might well have been relegated to an appendix 
or omitted altogether. That the authors of both 
works are professional teachers is evident from the 
r| detailed explanation given at each step in the 
development of their arguments, The worked 
examples included in the texts and the relevant 
problems set at the end of each chapter will be 
appreciated particularly by the student working 
without skilled tuition. The competent radio 
engineer, anxious to extend his knowledge to the 
sphere of micro-waves, should find the logical step- 
by-step development of the subjects from first 
principles well within his ability to understand. 
The equivalent circuit, consisting of a generator 
acting in series with the internal impedance, is 
commonly used in the analysis of electron tubes 
used at low frequencies. In their chapters on 
electron-tube theory, leading to the discussion of 
radio-frequency generators at all frequencies, 
Professors Bronwell and Beam rightly start with 
electron motions in the presence of electric and 
magnetic fields. This is essentially a more difficult 
as well as a more fundamental approach, but the 
standard of mathematical ability demanded by the 
authors’ treatment is no more than the minimum 
essential for the serious student of the whole subject 
of micro-wave theory. Similarly, with the question 
of the transmission of electromagnetic waves. 
Practical transmission-line analysis is invariably 
performed by consideration of the equivalent electric 
circuit, but, when the wavelength becomes compar- 
able with the conductor spacing, the question of modes 
of propagation arises and Maxwell’s field equations 
are necessary to a com: understanding of them. 
The treatment of the t of radiation and wave- 
guide transmission by means of these equations is 
the heart of the whole subject and is effected in both 
books with lucidity, resort being had to direct 
physical explanations wherever possible. There 
is little to choose between them in their manner of 
dealing with the fundamental principles of antenng, 
but Mr. Marchand’s book is to ete meee y ory 
more complete section on directive antennz. 
The practical aspects of very high frequency 
se are not forgotten. The design and use 
of standing-wave measuring ae ager 4 the theory 
and application of circle diagrams, stub matching, 
and wave-guide feeds to parabolic antenne are all 
covered. In neither case is mention made of linear 
wave-guide arrays or of methods of scanning by 
variation of the phase distribution along a linear 
array. Again, Mr. Marchand covers the ground 
rather more thoroughly, and his book also has an 
unusually complete set of tables of functions and 
tabulated transmission data. He is less prone than 
Professors Bronwell and Beam to the annoying 
habit of making incomplete reference to some aspect 
of a subject. This, however, is a minor blemish 
in an excellent book, and both these works may be 
recommended to the student, to the engineer, and 
to the large fraternity of amateur enthusiasts who 
will certainly find themselves making ever-increasing 
use of micro-wave techniques. 





WELDING OF ALUMINIUM 
AND ITS ALLOYS. 
By Dr. E. G. Wusz, F.I.M. 

Tuts review was prepared to provide a critical 
assessment and summary of the present position 
of the welding of aluminium and aluminium alloys, 
with particular reference to the investigations now 
in hand by the several associations concerned with 
welding research. The property of “‘ weldability ” 
must be considered in a duplex sense, namely, 
“ ease of welding,” by an established process, using 
the appropriate technique ; coupled with due con- 
sideration of the properties of the welded joint, 
especially by comparison with the unwelded parent 
metal. It cannot yet be readily defined quantita- 
tively, and the review is therefore divided into two 
main parts, namely, welding processes, and the 
properties of the welded metal, 


WEeELprIne Processzs. 

The welding processes applied to aluminium and 
its alloys at present are gas welding ; arc welding ; 
are welding, using a shield of inert gas ; pressure 
welding ; resistance spot and seam welding ; flash 
welding ; and brazing. These will be dealt with in 
the order stated. 

Gas welding of aluminium and some of the low- 
strength alloys, both cast and wrought, has been 
practised commercially for over 40 years, mainly 
by specialist firms. The required procedures are 
detailed in several publications* and experience 
during the past few years shows that the published 
details are adequate for general welding purposes. 
There is no doubt, however, that there still exists 
a widespread ignorance about the established 
methods, and wider dissemination of the available 
information would be valuable. 

Gas welding demands a fairly high degree of 
skill and experience on the part of the welder, and 
good equipment is necessary. It is readily applic- 
able to the various grades of pure aluminium, the 
wrought aluminium-manganese alloy, the alumin- 
ium-magnesium alloys up to about 3} per cent. 
magnesium, the aluminium-Mg,Si-type alloys, and 
most of the low-strength to medium -strength casting 
alloys. With more experience, the aluminium- 
magnesium alloys up to 7-per cent. magnesium, and 
the high-strength casting ailoys, may be gas welded. 
The process is used for all thicknesses from about 
22 s.w.g. up to 1} in., and the filler rod is either of 
the same composition as the parent metal or of 
5-per cent. or 12-per cent. silicon alloy. The most 
serious disadvantage is the necessity of using halide 
fluxes, which result in corrosive residues. Removal 
of slag or flux residues is troublesome and the use 
of fillet welds must be limited as they entrap flux. 
Recent work by the team of investigators maintained 
by the Aluminium Development Association may 
lead to some modification of the present welding 
procedure to reduce the incidence of cracking, par- 
ticularly in the alloys of higher strength. 

The metal-arc process has made appreciably less 
headway than gas welding, and at present is applied 
on only a very small scale to aluminium and some 
alloys. The principal advantages of the process are 
the lower degree of skill required and the high 
welding speed (giving a redu>tion in the extent of 
the heat-affected zone). It is not easy, however, to 
obtain weld metal free from pores, and the flux 
residues are also a problem. Direct current is 
normally necessary, although alternating current 
with a small superimposea high-frequency current 
is also used. Arc is not suitable at present 
for metal thinner than 16 s.w.g. The process 
demands operators trained in aluminium welding 
and at present the standard of metal-arc welds made 
commercially is generally low, although there are a 
few exceptions to this. Few manufacturers have 
as yet produced completely successful electrodes, 
however, partly because of the poor demand to date 
and the unappreciated potential market. Eleo- 
trodes of commercial-purity aluminium, the 5-per 





* A.D.A. Information Bulletin No. 5; ALCOA Hand- 
book, “ Welding and Brazing Aluminium * ; ALCAN 
Handbook, “ Welding Aluminium ” ; “ Procedure for the 
Gas Welding of Aluminium and ‘Atumintem Alloys,”’ 
published by the British Welding Research Association. 
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cent. silicon alloy, the 5-per cent. magnesium alloy, 
aad, to a limited extent, the 3}-per cent. magnesium 
alloy, are available in this country. The draft 
specification prepared by B.S.I. Committee WEE/5/2 
includes three electrode types with minimum tensile 
Tequirements across machined welds as follows :— 





Type of Electrode. Tensile Strength of 
Weld. 

A. Aluminium Not less than 5 tons per 
sq. in. 

B. Aluminium-silicon alloy Not less than 6 tons per 
(5-per cent. Si) sq. in. 

C. Alumininu gnesi Not less than 11 tons per 
(5-per cent. Mg) sq. in. 


Abroad, alloys of the aluminium-magnesium- 
silicide type are also available as electrodes for 
metal-arc welding. The 5-per cent. silicon alloy 
electrode is particularly easy to use and gives good 
penetration. It is especially useful for the welding 
of castings and is sometimes used for joints in pure 
aluminium where the lower resistance to corrosion 
of the silicon-alloy weld metal is unimportant. It 
is not universally used. to weld alloys containing 
3-per cent. or more of magnesium, owing to the 
formation of Mg,Si at the edge of the weld, giving 
low ductility. 

‘The conventional carbon-are process is not success- 
ful when applied to aluminium alloys, giving ex- 
tremely porous welds of low strength. A great deal 
of flux is necessary and the arc is not easily con- 
trolled, but the process has been developed in the 
United States as an automatic method for welds in 
aluminium vessels for chemical manufacture. An 
American development, the multi-arc method,* may 
be worthy of more detailed investigation in this 
country. The atomic-hydrogen process is not used 
commercially on aluminium, owing to the high cost 
and the limitations imposed by the form and size 
of the equipment. 

Information received from America shows that 
the inert-gas shielded arc process—particularly using 
argon for aluminium-base materials—is rapidly 
replacing other methods, but further investigations 
are still necessary. There are at present some 1,500 
inert-gas shielded arc-welding installations in 
America, and, although they are not all used on 
aluminium, they are said to cover, with aluminium 
brazing, most of the fusion welding of aluminium 
required. About a year ago, it was not considered 
commercially possible to argon-are weld aluminium 
without flux, but more recently this has become 
practicable with the new equipment available. It 
is reported from the United States that aluminium- 
base materials have been welded in a range of thick- 
nesses from 0-02 in. up to the following: 2} in. in 
pure aluminium, using pure aluminium filler rod ; 
4 in. in aluminium-manganese alloy, using pure 
aluminium or aluminium-manganese alloy filler 
rod; 4 in. in aluminium-2} per cent. magnesium 
alloy (52.8) using 5-per cent. silicon-alloy rod ; } in. 
in aluminium-Mg,Si alloy (53.8) using 5-per cent. 
silicon-alloy rod; 4} in. in aluminium-Mg,Si plus 
copper (61.8) using 5-per cent. silicon-alloy rod ; 
1} in. in aluminium-10 per cent. magnesium casting 
alloy, using 10-per cent. Mg. alloy filler rod. 

At least three American firms are making equip- 
ment and torches ranging in size from an air-cooled 
hand model for currents of 80 amperes to machines 
suitable for more than 1,000 amperes. Efficient 
British torches for manual work up to 100 to 125 
amperes are now available, and over 100 are in use 
—almost exclusively, however, on stainless steel. 
A water-cooled high-amperage torch will be avail- 
able almost immediately, together with the neces- 
sary electrical equipment, but the present designs 
may not be regarded as finalised until they have been 
proved by satisfactory commercial use. It appears 
that gas of 99-8 per cent. minimum purity is neces- 
sary for aluminium alloys, although gas of slightly 
lower purity (99-5 per cent.) may be entirely suitable 
fer the metal itself. There has been little industrial 
experience to date in this country on the argon-arce 
welding of aluminium, and it is therefore not possible 
to give reliable detailed information as to the overall 
cost of the process. The present price of argon, for 
example, varies from about 1s. 6d. to 1s. per cub. ft., 
according to the quantity purchased, but the cost is 
rather lower in America. Figures for consumption 
in practice are not yet obtainable. 


* Welding Jl., Research Suppt., July, 1944, 3448-3508. 








A major problem has been. concerned with the 
electrical equipment, but now. it appears to have 
been largely solved and suitable equipment is just 
becoming available here. For aluminium-base 
materials, alternating current is used, with some 
means to stabilise the arc and eliminate the rectifica- 
tion which tends to occur. Superimposed high- 
frequency current is the usual stabilising method, 
using spark-gap high-frequency generators. High- 
voltage stabilisation is dangerous and would prob- 
ably contravene the regulations in the United King- 
dom. The means which have been adopted to 
eliminate the direct-voltage component due to 
rectification are either a bank of condensers in 
series with the secondary of the welding transformer 
ora battery, but the formeris preferred. The equip- 
ment developed in this country consists of a standard 
welding transformer with a small high-frequency 
current oscillator to assist arc initiation, plus a 
bank of condensers to eliminate rectification. Some 
development work to determine the best techniques 
is still necessary and is in hand. 

Although the process makes the welding of 
aluminium and its alloys more fool-proof than 
hitherto, there is little reliable information as to 
whether the properties of the weld are superior to 
those of sound welds made by other processes. The 
heat-affected zone is appreciably less in extent with 
the argon arc than with other methods, but this 
advantage is offset, in the case of thick sections, by 
the necessity for pre-heating. At present, there is 
no evidence of any change in the tendency to crack- 
ing or of any special metallurgical effects arising 
from the use of argon for welding. Distortion, how- 
ever, is greatly reduced. 

The welding of aluminium and its alloys by the 
application of pressure at raised temperatures below 
the solidus is particularly attractive because of the 
higher ductility of such joints compared with welds 
consisting wholly or in part of “cast” metal. The 
fundamental bases of successful pressure-welding— 
temperature range, pressure, and surface prepara- 
tion—have been investigated and reported by R. F. 
Tylecote, and little, if any, additional laboratory 
work need be undertaken. His results are capable 
of immediate application by designers and manu- 
facturers, who, however, must be prepared to carry 
out a certain amount of development work on tools, 
presses, etc., to suit their own particular products. 
Details for aluminium and the principal groups of 
wrought materials are summarised in Development 
Report No. 46 (1946) of the British Non Ferrous 
Metals Research Association and elsewhere.* The 
cold-welding process developed by the General 
Electric Company applies the same basic principles 
with the aid of ingenious tools designed for the 
purpose. The data available should be made as 
widely known as possible to potential users of the 
process. Appreciable reduction in thickness is 
inevitable when sheet-metal assemblies are pressure- 
welded, and allowance for this must be made in the 
design of the assembly. 

Resistance spot-welding of aluminium alloys was 
developed to a considerable extent during the war 
period and Information Bulletin No. 6 of the 
Aluminium Development Association has been 
widely accepted as a standard practical work on the 

. Special machines are essential because of 
the high currents and accurate control made neces- 
sary by reason of the physical properties of alumin- 
ium. The secondary currents required range from 
10,000 amperes for 26-gauge aluminium alloy to 
40,000 amperes for 10-gauge, with corresponding 
tip loads of 250 to 1,250lb. Machines are, therefore, 
large, massive and relatively expensive, and render 
it necessary for the work to be taken to the machine. 
Portable machines or welding heads have not yet 
been developed to a point where they can be recom- 
mended for general works use, thus limiting the 
application of spot welding in some industries 
now employing aluminium. The welding capacity 
of machines at present available is two thicknesses, 
each 10-gauge, or one of 14-gauge welded to an 
extruded section. There have been proposals from 


* B.N.F.M.R.A. Development Report No. 46, 1946, 
“ The Pressure Welding of Aluminium Alloys.” “ Pres- 
sure Welding,” by R. F. Tylecote, Sheet Metal Ind., Jan. 
1949, page 161. ‘‘ Cold Pressure Welding, particularly 
as applied to Aluminium,” General Electric Company. 








time to time for the modification of standard spot- 
welding methods to allow satisfactory welds to be 
made by low currents. For example, anodising the 
parts before welding increases the interfacial re- 
sistance so that the power demand is reduced very 
considerably, but welds produced by this method 
have so far proved inconsistent. Another method 
interposes a steel tape or shim between the electrode 
and the surface of the work, but again there is not 
sufficient experience with this type of welding to 
justify its recommendation. 

The principles involved in seam welding are 
exactly the same as in spot welding, but there are 
very few seam-welding machines in use in this 
country, although they were fairly widely used in 
the United States during the war. Although it is 
possible to spot-weld and seam-weld aluminium 
alloys without preparing the surface, the resulting 
welds are irregular and generally unsatisfactory 
because of variations in surface contact resistance. 
Cleaning is essential, therefore, and this sometimes 
militates against the wider adoption of spot and 
seam welding. 

The mechanical properties obtainable in sound 
spot-welds are sufficiently satisfactory for the 
process to be approved, for example, for certain 
aircraft structures carrying primary stresses ; but 
there are still insufficient data on fatigue properties, 
especially comparisons with riveted joints for similar 
service. It is likely that the production of “ pres- 
sure” spot and seam welds would give considerable 
improvement in mechanical properties by eliminating 
the cast structure at the centre of the spot in favour 
of a wholly wrought structure. Occasional spot 
welds show that they have been made as pressure 
welds, but control of the various factors has not yet 
progressed to a point permitting every spot weld 
to be a pressure weld. This possibility is not in- 
cluded in the present programme of the British 
Welding Research Association, which is concerned 
chiefly with determining the effect of variations in 
the method of cleaning, electrode contours, and 
similar factors on static and dynamic properties. 

Flash-butt welding of aluminium and its alloys 
has been carried out on a limited scale for a number 
of years, but the difficulties due to the high conduc- 
tivity of the metal and the effect of the oxide 
film have prevented its general adoption for large 
areas or thin sections. The surface areas welded 
range from approximately 0-1 sq. in. to 2 sq. in., 
but there are few reliable data for areas greater than 
0-58q.in. For this area, conventional alternating- 
current machines have been used with a maximum 
secondary current of 200,000 amperes and an upset 
pressure of some 3 tons, but the current density 
actually used does not appear to be exactly known. 
The high peak-current demand is a serious disadvan- 
tage in most factories, and the high cost of machines 
(which may have to be specially developed for 
each application) is a deterrent. In all cases, an 
appreciable amount of metal is displaced by flashing 
and the forging pressure, reductions in length of 
ts in. to } in. having been reported. 

The process has been applied to all the aluminium 
alloys in common use in the form of L, Z and T 
sections ; window sections’; tubes, and square and 
round bars. The applications include joining of 
rods and wire for continuous drawing ; cycle-wheel 
rims ; various small tubular assemblies and window 
frames. The extension of the process to cycle 
and motor-cycle frames or fittings, motor-car 
wheels and bodywork, and various types of drum 
and container would open up attractive possibilities 
and developments. For some applications, a good 
clean surface at the weld is essential and polishing 
after removing the flash sometimes proves expensive; 
but pressure butt-welds might appreciably reduce 
finishing costs. 

Commercial-scale work on the use of pressure butt- 
welding in place of flash welding has been confined 
to small diameter rods, etc., but machines are now 
available to flash-weld up to in. in diameter (nearly 
4.8q. in.), and this might well result in appreciable 
economies and welds of better quality. The British 
Welding Research Association have recently added 
flash welding to the items under consideration by 
the LR Committee, which deals with all methods 
of resistance-welding the. aluminium-base materials. 

Aluminium brazing, although not strictly a weld- 
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ing process, is worthy of serious consideration, 
especially. when designing small assemblies, ‘and it 
has reached considerable importance in the United 
States. The brazing material used is either the 
i2-per cent. silicon alloy or modifications of it 
containing additions of copper, zinc, iron, nickel, 
etc., some being covered by patents. The use of a 
flux is essential to ensure satisfactory flow of the 
brazing alloy and efficient bonding between the 
filler material and the parent metal. A particularly 
useful American development is the use of ‘‘ brazing 
sheet,” which consists of a core of pure aluminium 
clad on one or both sides with the required brazing 
alloy. 

There are three methods available, namely, flame 
or torch brazing, furnace brazing and flux-dip 
brazing. Flame brazing has been used on produc- 
tion for many years for such items as the brazing 
of spouts to the bodies of tea-pots, and for joints in 
electrical conductors. For quantity production, 
automatic equipment may be devised to suit 
specific assemblies. In general, the process is very 
similar to fusion welding using. silicon-alloy filler 
rod. The furnace-brazing method does not require 
a special protective atmosphere, but the assembly 
of components and filler metal requires careful 
working out and the material must be fluxed before 
it enters the furnace. Forced air-circulation fur- 
naces are necessary to ensure rapid heating and the 
work must be self-jigging or supported on suitable 
fixtures. The flux-dip process is not widely used 
in this country, and again the components should be 
either self-jigging or capable of being tacked in 
position by a few spot welds or rivets. 

These processes demand accurate location of the 
pieces, with correct spacing to allow the flux and 
filler metal to flow through the joints, a pre-deter- 
mined heating and cooling cycle, and thorough 
washing to remove flux residues. There is a fair 
amount of published information available, but 
many applications necessitate preliminary experi- 
mental work to determine the most satisfactory 
design for the assembly in relation to the process 
details and production requirements. The strength 
of the metal after brazing is, of course, that of the 
soft parent material, except in the few cases where 
a heat-treatable alloy can be brazed at, and quenched 
from, its solution treatment temperature. 


(To be continued.) 





CAR-BODY SHOP AT LONDON 
TRANSPORT ACTON WORKS. 


A worxsnHopr for the repair of railway car bodies 
has been brought into use recently at the Acton Works 
of London Transport. The shop is one of four which 
were built before the war, under the 1935-40 New 
Works e, for the enlargement of Acton Works. 
The other three shops were put into service at that time 
as machine, motor and trimming or but = fourth, 
which was originally intended to be a paint shop, was 
first used for the duostion and conversion of Central 
Line and District Line cars, and, during the war, for 
overhauling armoured fighting vehicles. At the end 
of the war, it was i for car work—this time 
for the renovation of cars which had been stored 
during the war and which were required for the east- 
ward and westward extensions of the Central Line. 
It was found, however, that the need for additional 


facilities was ter in the car-body shop than in the 
seq shop, the building has therefore been equipped 
or that p 


In the original car-body shop, vehicles 
repair were moved continuously on a belt s * ey 
were attached to a chain on the dismantling road and 
propelled by a conveyor on the assembly road, with 
an area for repairs to components between the roads. 
This system was not sufficiently flexible to allow for 
the different lengths of time ired for the 
of different types of cars. In the new shop, therefore, 
the cars are not moved continuously, but are moved 
from one berth to another at predetermined intervals. 
There are three roads, each accommodating six cars, 
-_ there is also space for two cae gees Vehicles 
or repair are segregated according to the time required, 
the long jobs being passed down one road, the short 
jobs down another, and the medium jobs down the 
third. Cars which will require a considerable time for 
repair are placed on the two spare berths until they are 
sufficiently far advanced to be.transferred to one of the 
three . The electrical circuits of cars arriving for 
repairs are tested in the lifting shops, before they are 
passed to the new car-body shop. 





CONTINUOUS LEAD-EXTRUSION 
MACHINE FOR ELECTRIC CABLES. 


For many years the lead sheaths of the under- 
ground cables employed for the transmission of electric 
power and for communication purposes have been 
produced on yop ee sj operating presses of the 
stroke type. An essential feature of these presses, 
many of which are still in use, is a die box through 
which the cable to be sheathed is passed and into which 
lead is forced from a container by a hydraulic ram. 
As this container has to be alternately filled and emptied 
the flow of metal is intermittent. The result is that 
exact uniformity in the thickness of the sheath both 
longitudinally and transversely, is difficult to obtain. 
Moreover, when the press is stopped for re-filling a 
ridge is formed on the sheath and at the same place the 
metal develops a coarser crystal structure and loses 
durability, owing to its prolonged expOsure to heat in 
the die block. The trapping of dross in the extruded 
metal, another inherent ess of an intermittently 
operating press, also results in layers of lead contami- 
nated with oxide being disposed radially in the extruded 
sheath; and these extend in more or less attenuated 
form throughout its length. In fact, an accumulation 
of such layers is often found in a single cross section of 
the sheath. Finally, the effect on the extrusion pres- 
sure of the temperature changes occurring during the 
repeated cessations of o ion results in variations 
in the dimensions of the sheath, which exceed the 
permissible tolerance limits. 

It is therefore not surprising that the behaviour 
of lead sheaths formed in this way is uncertain, or 
that a number of attempts have been made to over- 
come the drawbacks just mentioned. Some of these 
attempts have taken the form of modifying the inter- 
mittent press so as to eliminate the oxide film. These 
are, however, not always effective in operation and 
cannot be used for manufacturing cables in which it 
is to maintain a positive gas or oil 
inside the lead sheath. Machines have been designed, 
therefore, in which a continuous lead sheath is produced 
by extrusion, thus enabling the disadvantages of 
intermittent presses to be overcome. An example of 
a machine of this kind is that manufactured by Pirelli- 
General Cable Works, Limited, Southampton; a 
description of this machine is given below. 

The principle upon which it operates may be ex- 
plained with reference to Fig. 6, on page 321, in 
which a is a steel screw driven by a gearwheel b and 
rotating in a cylindrical barrel c. The bore of this 
barrel is provided with a number of channels, or 
grooves, as shown at d. Molten lead is introduced into 
the machine through the inlet e and is maintained at 
the correct tem ure by the heaters f. The lead 
fills the longitudinal grooves and threads of the screw 
and becomes solid, though plastic, owing to the action 
of the coolant contained in the jacket g. As the screw 
rotates it tends to carry the lead in its threads round 
with it. Considerable resistance to this motion is 
set up by the friction between the lead in the threads 
and that in the grooves. As, however, the coefficient 
of friction between lead and steel is less than that 
between lead and lead, the lead in the threads of the 
steel screw is forced forward through the machine 
into the die chamber in much the same way as the 
slide-rest of a lathe is moved along by the rotation of 
the lead screw. The ic lead is compressed into 
a homogenous mass in the die chamber and is then 
forced between the dies and out of the machine in the 
form of a pipe. When the machine is used for covering 
a cable, the core of the latter is — through the 
barrel c by the seamless extruded lead pipe, which is 
formed by the ring and core dies. The dies used for this 
purpose are selected to give a predetermined diameter 
and wall thickness. In this primitive form of machine 
the core die is carried by the rotating screw, while the 
ring die is stationary. The extruded pipe therefore has 
a considerable twist, a feature which it is desirable to 
avoid when covering cable. In the actual machines it 


ing | has been found possible to use stationary-core dies, so 


that this drawback no longer exists. 

A general view of the latest pattern of Pirelli-General 
continuous gery ag me machine is = in Fig. 1, 
on 320, while Figs. 2 and 3, on the same : 
pon arr ns of a inlet and outlet ends, = 
tively. The construction of the machine will be clear 
from the longitudinal and cross sectional drawings 
reproduced in Figs. 7 and 8, on page 324. From these 
it will be seen that the assembly consists of a sta- 
tionary tube a on the outer of which longi- 
tudinal grooves are cut, as shown in Fig, 10, on the 
same page. This tube is supported at the right or 
outlet end of the machine by a four- ring 6, known 
as the spider. At the inlet end the tube carries a 
forged flange which is bolted to the main back flange c 
of the machine. The spider 6, through which the cable 
that is to be sheathed is drawn, the core die d 
and the ring die e, by which the sheath is formed, and 
maintains them concentric. Tt is held in position by a 
nut, which is threaded to suit the adjusting screw f of 





the ring die. The dies, the construction of which is 
shown in Fig. 11, on 324, are of the same design 
as those on hydraulic lead presses, except that the 
nose of the core die is maintained constant at 30 deg. 
instead of being altered in accordance with the size of 
the bore. A set such as is supplied with the machine 
is illustrated in Fig. 5, on 321, which also shows 
the spider on the left and the ring-die adjusting screws 
on the right. Co-axial with the tube a, Fig. 7, is the 
screw g, on the outer and inner surfaces of which the 
threads h and i are cut, as shown more clearly in 
Fig. 9, on page 324. Also co-axial with the tube a 
and surrounding the screw g is a stationary barrel k, 
on the inner surface of which longitudinal grooves are 
cut. This barrel, the construction of which will be 
clear from Figs. 12 and 13, on page 324, is bolted to 
the face of the main steel casting 1, Fig. 7, and is 
maintained in position by a spigot. Holes drilled in 
the body of the barrel act as cooling channels, These 
channels have been designed to ensure adequate heat 
dissipation without rapid changes in the temperature 
of the cooling medium being necessary. Grooved 
nickel cast-iron retainers of sufficient length to form 
a seal are provided both on the stationary tube and 
on the extrusion screw, so as to prevent the molten 
metal running back. Two protecting tubes are also 
run through the centre of the stationary tube < The 
outer of these acts as a guard against possible water 
leakage from the cooling system mentioned below, 
while the inner projects into the core die and is used 
to return any excess compound when impregnated 
cable cores are being sheathed. It also serves as a 
guide for a push rod, which is used for changing the 
dies. This tion is effected by a jack screw, 
which is bolted to the flange on the stationary tube by 
a detachable screwed bridge. 

As the screw g is provided with machined threads on 
both its outer and inner surfaces, extrusion takes place 
both — the barrel and the screw and between the 
screw and stationary tube, a balanced i 
exerted between the two when the bed or ol alloy 
pushed forward. It is claimed that the use of this 
system of double extrusion obviates the necessity of 
wang high-pressure joints to prevent the lead 

om being forced back into the gearbox during the 
operation of the machine. 

The required for driving the machine is 
obtained from an electric motor, which is connected 
to the extrusion screw through a pin-t flexible 
coupling and triple reduction gearing. The overall 
ratio of reduction is 50 to 1, so that the screw turns at 
about 10 r.p.m. The gearing complies generally with 
British Standard Specification No. 436/1940, em | with 
the exception of those in the last , all the wheels 
are hardened and profile ground. e final gear is 
surface hardened. All the gear shafts are carried on 
roller bearings. The gearing is installed in a combined 
steel and cast iron casing, as shown in Fig. 7, on 
page 324, the base itself being within a cast- 
iron stool upon which rests the flange n, forming the 
bottom of the main steel casing. This casing is a split 
casting, accurately machined to ensure that the thrust 
developed by the screw when the machine is in 
operation is evenly distributed over the Michell bearing, 
which, as shown at o in Fig. 7, is mounted upon it. 
This casing also carries the two double-row roller 
bearings p, on which the extrusion screw is 
and between which the thrust race of the Michell 
bearing and the final gearwheel are situated. 

The final gear is keyed to the extrusion screw and is 
backed by a stepped collar g, which is solid with the 
screw itself. This final gear acts as the rotating 
surface of the thrust ing, the stationary member 
of which is a thrust race of Michell design. The thrust 
load is taken finally by a back flange which is mounted 
on the main steel casing. This flange is detachable, so 
that assembly, and checking of the bearing clearance 
In order to maintain the correct temperature in the 
different parts of the machine during operation, both 
heating and cooling systems must be provided. The 
necessary heat is erated by three induction coils 
which are mounted on the outside of the barrel as 
shown at r in Fig. 7, on 324. All three coils, the 
aggregate loading of which is 135 kW at 230 volts for 
the 5-in. machine, are employed during the warming-up 
period and when operation is interrupted for such 
purposes as changing the dies. When the machine is 
in production, however, one coil with a loading of 
40 kW is sufficient to maintain the temperature neces- 
sary to ensure that the lead will be molten when it 
enters the barrel. Thermocouples are installed on 
various parts of the machine so that the temperatures 
of them are recorded on the control panel visible in 
Fig. 3, on 320. 

The coolers, which are used to render the molten 
lead plastic before extrusion, consist of the channels 
shown at s in Fig. 7. As will be seen, these are drilled 
in the wall of the barrel and are connected to circular 
manifolds as shown at ¢. Separate manifolds are 
provided for the incoming and outgoing coolant and 
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for the inner and outer extrusion systems, so that there 
are four in all. These manifolds are connected to two 
control standards, one for each cooling system. Each 
standard carries two valves, which are mounted on a 
Y piece. One of these valves acts as a stop valve, while 
the other controls the steam which is used ly 
to reduce the high temperature reached during heating- 
up before the water cooling is applied. The return 
water connections from the outlet cooler manifolds 
are led to a water tank, which is arranged to give a 
static head, and then to a heat interchanger. This 
interchanger is designed to ensure that the correct 
thermal balance is obtained and is mounted half-way 
up a steel stand, one of which can be seen in the centre 
of Fig. 4, opposite. Upon the top of this is a 200- 
gallon water tank and at the base a pump, driven by a 
ae electric motor, is installed. The water is circu- 
lated by this pump through the heat interchanger to 
the tee channels in the stationary tube and barrel, 
whence it is returned to the tank. 

Lubricating oil is supplied to the Michell thrust 
bearing, the front and rear roller races on the extrusion 
screw and the oar and final pinions on the 
gearing by a Roloid =; ump which is driven b 
a. 3-h.p. alectric ‘ele, This pump draws oil from . 
40-gallon sump, which forms part of the auxiliary casing 
of the machine, and forces it through the system at the 
rate of 360 gallons hour. The oil pressure is auto- 
matically controlled, and any excess oil is returned to 
the sump through an overflow-control valve. After 
passing through the system the oil is filtered and cooled 
In @ heat pace soleoed before it is returned to the sump. 
Other points requiring lubrication are supplied with 
the oil that overflows from the principal bearings. To 
avoid decomposition of the “ leaded” lubricant it is 
recommended that Macoma 78 oil be used. It is 
also recommended that this oil be cooled to between 
room be ar ey and 100 deg. F., as overheating 


causes a sludge to collect on the leading edges of the| | 


thrust pads and thus prevents oil from flowing between 
the bearing surfaces. 

The machine is supplied with molten lead from a 
vertical melting pot which can be heated by gas, oil 
or electricity, the temperature of the contents being 
thermostatically controlled. This pot, three of which 
can be seen alongside the 3-in. machines in Fig. 4, has a 
capacity of 7,800 Ib. It is constructed of heat- 
resisting alloy and is mounted in a cylindrical shell, 
which is lined with refractory material. It has two 
outlets near the bottom through one ef which molten 
lead is supplied to the machine through the heavy 
gauge pipe marked u in Fig. 7, on page 324. This 
pipe forms the secondary of a 5-kVA transformer and 
is thus maintained at a temperature of between 350 deg. 
and 375 deg. C., so that the lead in it remains molten. 
The other outlet, which is at a lower level, is used for 

ining the pot. Vent pipes are provided to carry 
away the fumes and detachable doors are fitted in the 
casing for gong purposes. The appearance of 
these pots will be clear from Fig. 4, which shows a 
battery of three extrusion machines installed in the 
Pirelli-General Cable Works at Eastleigh. As will beseen, 
a platform which is capable of carrying 2 tons of lead 
for supplying each pot, is fixed to the cylindrical casing. 

The motor driving the extrusion screw of the 5-in. 
machine is of the variable-speed constant-torque type 
with an output of 150 h.p., and is ied with direct- 
current from a Ward-Leonard set. is set consists of 
an alternating- or direct-current motor driving a direct- 
current generator and exciter. The temperature 
recorders and the various electrical measuring instru- 
ments are carried on a panel near the machine, as can 
be seen in Fig. 3. On this panel are also mounted the 
push-buttons and contactors for operating the heati 
coils ; and starting, stopping and controlling the speed of 
the main direct-current motor. In addition, there are 
“stop” buttons for cutting off the main alternating- 
current supply and opening the circuit of the Ward- 
Leonard set, as well as red and green indicating lamps 
to show whether the plant is alive, and whether the 
Ward-Leonard set is running. 

The machine is very easy to operate, since once the 
extrusion barrel has been filled it need not be emptied 
again unless a change to a different alloy is to be made. 
In fact, during test over 12 miles of cable have been 
sheathed in one.operation. The procedure is to energise 
the heating coils so that the temperature of the barrel 
is raised to 360 deg. C. at the lead inlet and to 250 
deg. C. at the extrusion end. The driving motor is 
then started, the front} and middle heating coils 
switched off and the cooling medium is circulated 
through the channels round the barrel to the stationary 
tube. The molten lead is thus reduced to the plastic 
condition which is — to bring about the reaction 
between the two parts of it which are in the screw 
threads and in the longitudinal grooves, respectively. 
The cable is fed manually into the machine through the 
dies, until it enters the pipe. Subsequently, its move- 
ment. is carried on by the rotation of the extrusion 
screw, concehtricity being maintained owing to the fact 
that the ring and core dies are rigidly fixed in the spider, 
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and owing to the pressure round the extrusion barrel 
being uniform as a result of the heating and cooling 
omarnents. After sheathing, the cable is drawn on 
toa which is rotated by a small electric motor. 
One of these drums, mounted on a stand and with the 
driving motor adjacent, can be seen in the foreground 
of Fig. 4. The speed at which the sheath is formed can 
be controlled by changing the degree of cooling, and once 
this has been set to a suitable value the machine will 
continue to extrude the lead sheathing so long as it 
is supplied with molten lead. 

Except where specially mentioned, the above descrip- 
tion applies to a lead-extrusion machine capab 
of sheathing cables up to 5 in. in diameter under the 
lead and of extruding up to 2} tons of lead per hour. 
The minimum size of cable that can be dealt with 

ds upon the maximum linear speed of sheathed 
with which the operators can. cope. In the case of 
this 5-in. machine, it is recommended that the cable 





should not be less than 1-6 in. in diameter. Machines 
are also made, which are capable of sheathing cables up 
to 3 in. and 1} in. diameter and of extruding up to 
1} tons and half a ton of lead hour, respectively. 
The minimum recommended diameters of cable for 
these machines are 0-35 in. and 0-12 in., respectively. 
The output of the driving motors, the loading of the 
heating coils and the capacity of the lead pots are 
naturally less on the 3-in. and 1}-in. models than on 
the 5-in. model. In other respects, however, their 
design is similar. 





Swiss INDUSTRIES Fam.—The thirty-third Swiss Indus- 
tries Fair will be held at Basle from May 7 to 17. Some 
2,300 firms are showing their products, which include 
precision timepieces, electrical measuring equipment, 
machine toels and chemical products. Further particu- 
lars are obtainable from the Swiss. Legation, Economic 
Division, 18, Montague-place, London, W.1. 
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|PROGRESS WITH THE SAUNDERS- 
| ROE ,** PRINCESS” CLASS FLYING 
| BOATS. 
| Ir has been announced by Messrs. Saunders-Roe, 
| Limited, Cowes, Isle of Wight, that the progress of 
| the first three “ Princess” flying boats is satisfactory 
|and continues in accordance with the programme. 
| The first hull is plated up to, and including some 
portions of, the upper-deck cabins, while the wing centre 
| Section is being assembled in its jig, the spars and 
|Tibs being in position, and the stringers are being 
| fitted. The inner main planes for the first boat also 
are being assembled, and all the for the centre 
and inner wing sections for the first three boats have 
been completed. Meanwhile, the construction of an 
engine test rig, which is identical with a portion of 
one of the wing sections, is well advanced and will 
be completed and dispatched to the Bristol Aeroplane 
Company, Filton, Bristol, during the coming summer. 
On arrival, it will be fitted with a pair of coupled 
Proteus turbine-propeller engines so that experience 
may be gained of running the units in conditions 
similar to those expected to occur in the flying boats. 
In general, the design follows that originally laid 
down, but one important modification has been made 
to the wing-tip floats. Recent investigations have 
shown that retracting floats which fold upwards and 
outwards to form wing-tip extensions offer definite 
advantages ; retracting floats of this type have been 
adopted, therefore, for the three boats under construc- 
tion and it is anticipated that the modification will 
increase the payload by approximately 2,000 Ib. in 
each case 





The hull of the first boat should be ready for removal 
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from the stocks by midsummer, and it is estimated 
that the com aircraft will be launched at the end of 
plied du e two boats should be com- 
1951, but the date of their entry into 
lepend, of course, on the results of flight 
telah a the fir first of the series. When completed, 
the boats will have a of 220 ft., ve & eat of 1465 ft., 
and a gross ~~ o!  sepeenenes ly 140 tons. The 
power t of each will consist of ten = Proteus 
gas- peller engines, which willpbe arranged 
S aranahe aesiesd She Sach our angel 
units. The designed maximum still-air range is 
approximately 5,500 miles, and the cruising speed is 
in excess of 350 miles an hour. The aircraft have been 
designed for use on the South American service, 
and each will accommodate between 80 and 100 
passengers, according to the layout adopted. A more 
detailed description of the three craft will be found in 
ENGINEERING, vol. 165, page 87 (1948). 





CONTRACT. 


MEssRS. ASSOCIATED BRITISH OL ENGINES, LIMITED, 
Marine Division, Duke’s Court, 32, Duke-street, St. 
James’s, London, S.W.1, have received an order for four 
Mirrlees “ HFR7 ” seven-cylinder direct-reversing four- 
stroke marine-propulsion Diesel engines rated at 630 s.h.p. 
(12-hour rating) at 300 r.p.m., for twin-screw installations 
in two 147-ft. tunnel-stern passenger-carrying tugs to 
be built by Messrs. JOHN MORRIS AND COMPANY 
(Gosport), LIMITED. The engines are to be provided 
with heat exchangers for fresh-water cooling. The 
tugs are destined for Brazil and will operate on the 
River Parana between Montevideo and Carumba. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ VEsTFoss.”—Single-screw tanker built and 
engined by Messrs.” Harland and Wolff, Limited, Belfast, 
for Skibs. A/S Thor Thoresens Linje, Oslo, Norway. 
Main dimensions: 487 ft. 6 in. by 59 ft. by 34 ft. 10 in. ; 
deadweight capacity, about 12,000 tons on a draught of 
27 ft. 6 in.; gross tonnage, about 8,200. Six-cylinder 

four-stroke Harland-B. and W. Diesel engine. 
Launch, March 17. 

M.S. “* BRAESIDE.”—Single-screw cargo vessel, carrying 
12 passengers, built by Messrs. Barclay, Curle and Com- 
pany, Limited, Whiteinch, Glasgow, for Messrs. Burns, 
Philp and Company, Limited, Sydney, New South Wales. 
Sixth vessel built for these owners. Main dimensions : 
455 ft. by 57 ft. 9 in. by 37 ft. 6 in. to shelter deck ; gross 
tonnage, 8,100. Six-cylinder two-cycle single-acting 
direct-reversible B. and W.-H. and W.-Kincaid engine 
to develop 4,500 b.h.p. at 115 r.p.m., in service. Launch, 
March 21. 


8.S. “ DuquEsa.”—Single-screw vessel for the carriage 
of 12 passengers, refrigerated cargo and mails, built by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Hebburn-on-Tyne, for the United Kingdom/ 
Spain and River*Plate trade of Messrs. Furness-Houlder 
Argentine Lines, Limited, London, E.C.3. Main dimen- 
sions: 479 ft. 6 in. by 65 ft. 6 in. by 37 ft. 10 in. to 
shelter deck ; insulated cargo capacity, 591,830 cub. ft. 
Double-reduction geared turbines developing in service 
6,800 s.h.p. at 115 r.p.m. and two Yarrow-type water- 
tube boilers. Service speed, 15 knots. Trial trip, 
March 24, 25 and 28. 


M.S. “‘ AMARNA.”—Single-screw cargo vessel, built and 
engined by Messrs. Harland and Wolff, Limited, Govan, 
Glasgow, for the Mediterranean fruit and general cargo 
trade of the Moss Hutchison Line, Limited, Liverpool. 
Main dimensions: 367 ft. by 52 ft. by 32 ft. 6 in. to 
shelter deck ; gross tonnage, about 3,350. Eight-cylinder 
four-cycle Harland-B. and W. Diesel engine. Launch, 
March 29. 


M.S. “‘ DAGFRED.”—Single-screw cargo vessel, carrying 
six passengers, built by Messrs. Bartram and Sons, 
Limited, Sunderland, for Messrs. John P. Pedersen & Sén, 
Oslo, Norway. Main dimensions: 425 ft. (between 
perpendiculars) by 59 ft. 6 in. by 37 ft. 11 in. to shelter 
deck. Four-cylinder opposed-piston two-stroke rever- 
sible N.E.M.-Doxford oil engine, to develop 4,400 b.h.p. 
at 116 r.p.m., constructed by the North Eastern Marine 
Engineering Company (1938), Limited, Wallsend-on- 
Tyne. Service speed, 14 knots. Launch, March 29. 

S.SS. “ CHampavaTi” and “ Ronmpas.”—Twin-screw 
shallow-draught vessels, to carry 15 first-class and 
1,100 deck passengers each, built and engined by Messrs. 
Harland and Wolff, Limited, Belfast, for the Indian 
coastal trade of the Bombay Steam Navigation Company, 
Limited, Bombay, and the Indian Co-operative Naviga- 
tion and Trading Company, Limited, Bombay, respec- 
tively. Main dimensions: 230 ft. by 38 ft. by 19 ft. 3 in. 
to shade deck ; gross tonnage, about 1,200 each vessel. 
Both ships fitted with two-shaft arrangements of Parsons 
single-reduction geared turbinés, to develop 2,000 s.h.p. 
at 285 r.p.m. in service, and two Yarrow-type water-tube 
boilers. Launches, “ Champavati” on March 29 and 
“* Rohidas ” on March 30. 





BRITISH STANDARD 
SPECIFICATION. 


Tue following publication of 
has been issued by the British lestteetion. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of the paragraph. 
Photographic Exposure Tables.—A revision of B.S. 
No. 935, covering photographic-exposure tables and 
originally published at the request of the Admiralty, 
has now been issued. The first edition followed the 
general practice for exposure tables by taking into 
account three factors, namely, illumination at the time 
of exposure, the type of scene, and the speed of the 
sensitised material. A new method of determining 
pho phic speed, common to the United Kingdom 
and the United States has been ado: Ba. Pores 
published as B.S. No. 1380 in 1947. =o 
numbers were approximately 7 deg. higher than 
formerly in use and this made it necessary to revise 
the exposure tables published in B.S. No. 935. While 
this revision was in hand the American Standards 
Association transmitted to the Institution a paper by 
L. A. Jones and H. R. Condit containing new light 
values based on the sum of the direct illumination 
from the sun and the diffused illumination from the 
hemisphere of the sky. The two authors have adopted 
the concept of “ luminous density of illumination ” to 
simplify calculations, this luminous density being a 
measure of the luminous flux passing rape as a selected 
— point at a given time of the day and year. 
revised exposure tables now published are based 
on the new information and provide a method of finding 
an aaa combination of exposure time and lens 
m any combination of geographical latitude, 
rset oat year and of day, weather conditions and type 
of scene. A separate table, d reversal 
materials intended for projection, is included. [Price 
2s., postage included.] 





BOOKS RECEIVED. 


Oxygen Cutting. .A Study of Modern Practice in Manual 
and Machine Cutting. By E. SEYmouR SEMPER. 
Published for Welding by The Louis Cassier Company, 
Limited, and distributed by Iliffe and Sons, Limited, 
Dorset House, Stamford-street, London, §8.E.1. 
[Price 10s. 6d. net.) 

PEP Engineering Reports. No.1. Agricultural Machi- 
nery. .A Report on the Organisation and Structure of 
the Industry, Its Products and Its Market Prospects at 
Home and Abroad. PEP (Political and Economic 
Planning), 16, Queen Anne’s-gate, Westminster, 
London, 8.W.1. [Price 10s. 6d. net.] 

Der Stahibetonbau. Ein Leitfaden fiir Studium und 
Praxis. By CARL KERSTEN. Part 1. Ausfiihrung 
und Berechnung der Grundformen. Eighteenth edition. 
Wilhelm Ernst und Sohn, Hohenzollerndamm 169, 
Berlin-Wilmersdorf, Germany. [Price 11 DM.] 

Piledecken. Theorie und Berechnung. By Dr.-Ina. 
KarRL GREIN. Third revised and enlarged edition. 
Wilhelm Ernst und Sohn, Hohenzollerndamm 169, 
Berlin-Wilmersdorf, Germany. [Price 7 DM.) 

Australia. Council for Scientific and Industrial Research. 
Aeronautical Research Report ACA-40. 4 New Theory 
forthe Strength of Wooden Box Beams. By J. R. M. 
Rapoxk, J. P. O. SUBERSTEIN and H. A. Wuus. 
Offices of the Council, 314, Albert-street, East Mel- 
bourne, C2, Australia. 

Behaviour of Buckled Rectangular Plates Under the Action 
of Shearing Forces. With Special Reference to Rational 
Design of Web Plates in Deep Plate I Girders. By 
Sten G. A. BERGMAN. Professor G. Wastlund, 
Director, Swedish Cement and Concrete Research 
Institute, The Royal Institute of Technology, Stock- 
holm, Sweden. 

The College of Aeronautics, Cranfield. Report No. 23. 
Some Notes on the Performance of Small High Speed 
Wind Tunnels. By G. M. Litiey. The Librarian, 
The College of Aeronautics, Cranfield, Buckingham- 
shire. (Strictly limited issue ; copies free to approved 
firms, Institutions and official bodies.) 

Department of Scientific and Industrial Research. Memoirs 
of the Geological Survey of Great Britain. Geology of the 
Northern Pennine Orefield. Volume I. Tyne to Stain- 
more. By Dr. K. C. DuNHAM. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 17s. 6d. 
net.] 

Elements of Acoustical Engineering. By Dr. Harry F, 
O1ison. Second edition. D. Van Nostrand Company, 
Incorporated, 250, Fourth-avenue, New York 3, 
U.S.A. [Price 7-50 dols.] Macmillan and Company, 
Limited, St. Martin’s-street, London, W.C.2. [Price 
428. net.) 

The Journal of the Insiitute of Metals: Volume LXXIII. 
1947. Edited by Lirut.-CotoneL 8S. C. GUILLAN. 
The Institute of Metals, 4, Grosvenor-gardens, West- 
minster, London, 8.W.1: [Price 60s.] 





PERSONAL. 


Smr JoHN S. BucHANAN, C.B.E., F.R.Ae.8., A M.I. 
terest | Mech.E., vice-president of the Royal Aeronautica] 
Society, 4, Hamilton Place, London, W.1, has been 
elected President for 1949-50. He is to take office in 
May. 

Sm J. GEoRGE BEHARRELL, D.S.O., relinquished his 
position as chairman of the Dunlop Rubber Company, 
Limited, as from March 31 and was appointed Presiden +. 
His successor as chairman is Sir CLIvE L. Baturv, 
K.B.E., C.M.G., who has been a director since 1929 and 
deputy chairman since 1945. Mr. G. E. BEHARRELL is 
appointed deputy chairman and continues as managing 
director. 

The Crown Agents for the Colonies have announced 
that Mr. W. L. WaTsOoNn, C.B.E., A.M.1.C.E., M.I.Loco.E., 
who was succeeded as engineer-in-chief by Mr. R. W. 
FoxteE, C.B.E., M.I.0.E., last November, is on his way 
to visit Ceylon as the Crown Agents’ representative. His 
object will be to facilitate discussion of work in the 
locomotive and coaching-stock programme of the Ceylon 
Railway and other engineering projects. 

Mr. C. W. Puriiirs, deputy chairman of the North- 
Eastern Division, National Coal Board, has retired, at 
his own request, on reaching the age of 65 but has con- 
sented to act as a part-time director of the Division. 

Mr. J. W. Tuomas, B.Sc., LL.B., M.1I.E.E., formerly 
chief education and training officer, British Electricity 
Authority, Great Portland-street, London, W.1, has been 
appointed director of training, safety and welfare. Mr. 
R. G. Betuamy, O.B.E., M.Eng., M.I.Mech.E., formerly 
deputy education and training officer, has been appointed 
education and training officer. 

Mr. E. Jonnsson has been appointed managing 
director of the Atlas Diesel Company Limited, Beresford- 
avenue, Wembley, Middlesex. 

Mr. J. W. DONOVAN, B.Sc., M.I.E.E., has been nomin - 
ated chairman of the South Midland Centre of the Insti- 
tution of Electrical Engineers in succession to Dr. W. G. 
THOMPSON, B.Sc., M.I.E.E., who is due to retire on 
September 30, 1949. 

Mr. JAMES TaYLor has resigned from the board of 
Buckley and Taylor, Limited, Castle Iron Works, Old- 
ham. Mr. T. J. Makin, Mr. E. Hatias and Mr. W. 
UDALL have been appointed directors. 

Mr. N. G. Lancaster, M.B.E., A.C.A., has been 
elected a diréctor of Tube Investments Limited, The 
Adelphi, London, W.C.2, and has relinquished his part- 
nership in the firm of Messrs. Howard Smith, Thompson 
and Company. 

Messrs. PARAMOUNT ALLOYS LIMITED, 800-801. 
Oxford-avenue, Trading Estate, Slough, Buckingham- 
shire, have appointed Messrs. PADLEY AND VENABLES 
Liwirep, Suprex Works, Livery-street, Birmingham, 3, 
to be their agents for stainless-steel castings in the 
Birmingham area. 

Mr. NIGEL A. Rarnsow, publicity manager of E. H. 
Jones (Machine Tools), Limited, Edgware-road, The 
Hyde, London, N.W.9, is leaving the company to form 
an independent publicity organisation. 





CANADIAN PaciFic RalLway.—The gross earnings of 
the Canadian Pacific Railway for the calendar year 1948 
totalled 355,250,000 dols., compared with 318,586,000 
dols. in 1947. 





THE INSTITUTE OF WELDING.—The spring meeting of 
the Institute of Welding will be held at the Beach Hotel, 
Southsea, from Tuesday, April 26, to Friday, April 29. 
A conference of branch officers will be held on the first 
day from 10.30 a.m. to 12.30 p.m., and from 3 to 5.30 p.m. 
A civic reception will be held in the evening, and a meeting 
to discuss various aspects of welding has been organised 
to take place from 9 to 10.30 p.m. On Wednesday, 
April 27, members will be conveyed by coach to the Civic 
Centre, Southampton, where, at 10.30 a.m., Mr. F. 
Hargreaves will present a paper on “‘ Welding in Locomo- 
tive Construction and Repair.” In the afternoon 4 
visit will be paid to the R.M.S. Queen Mary. On Thurs- 
day morning, April 28, from 10 a.m. until noon, two 
papers will be presented at the Beach Hotel, Southsea 
namely, “‘ The Welding of Aircraft,” by Mr. G. B. Evans, 
and “ Welding Developments in the Royal Dockyards and 
Private Shipyards Since 1939,” by Mr. R. Anscomb, 
O.B.E., R.C.N.C. In the afternoon, visits will be paid 
to the Royal ‘Naval Dockyard, Portsmouth, and the 
Portsmouth Works of Airspeed Limited. The whole of 
Friday will be devoted to visits to the Eastleigh Loco- 
motive Works, Southampton; The Woolston Yard, 
Southampton, of Messrs. John I. Thornycroft and 
Company, Limited ; the Cowes Yard of J. Samuel White 
and Company, Limited ; and, as an alternative, a coach 
tour of the Isle of Wight. Members are reminded that 
completed reply forms should reach the secretary of the 
Institute, 2, Buckingham Palace-gardens, London, 
S.W.1, not later than April 19. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—Scrap and other raw materials con- 
tinue to reach the works on a satisfactory basis, and 
ingot production is being kept at the high level of March, 
which it is claimed by a number of makers, should have 
established a new monthly record. Pig-iron outputs are 
also well maintained, having regard to the reduced num- 
ber of furnaces in blast at present. Intense activity at 
the steelmaking and re-rolling works last week, to ensure 
the dispatch of Period 1 tonnages by the end of the 
month, has not been followed by any appreciable slacken- 
ing. The minimum of time is being occupied in planning 
operating schedules in conformity with allocations for 
the new period. So far, these seem likely to be generous, 
and should keep the industry working at a very high 
level for the next three months. Some sheetmakers’ 
books are already filled for the quarter, and orders are 
now being accepted for delivery in Period 3. In spite 
of suggestions of a slight weakness in the salé of the 
finished product in some quarters, the demand for 
Scottish steel, both at home and overseas, is as strong 
as ever, although the effect of the new prices is awaited 
with some uncertainty. The supply of small sizes of 
bars falls far short of requirements, the deficit being most 
marked in sizes of 4 in. diameter and under. The shortage 
is only partly relieved by imports from Belgium. In- 
creasing pressure is being placed on sheetmakers, who 
have much work on hand. 

Scottish Coal.—An extended strike at Kingshill No. 1 
Colliery, Shotts, over a dispute about the packing system 
in operation, made over 1,000 men idle and lost 1,400 
tons of coking, house and steam coal a day. Less serious 
stoppages at a few other pits contributed to an aggre- 
gate decline in the Divisional output of some 10,000 tons 
over a week. The loss aggravated the weakened position 
after the seasonal contraction in stocks, and, in particular, 
a number of users normally drawing their supplies from 
the affected pits had their deliveries curtailed for a time. 
Gasworks have been notably affected, and relief tonnages 
have had to be used to maintain sufficient supplies, 
margins being below the standard which ordinary 
prudefce demands. Domestic users generally are now 
dependent on fresh deliveries, and while these are forth- 
coming in accordance with allocations they are proving 
inadequate in many cases. Railway stocks require con- 
siderable retrenchment. In one or two instances coke- 
ovens are operating on slender reserves, but throughputs 
are being maintained. Industrial stocks declined con- 
siderably during the winter, but this category remains 
relatively comfortable. Electricity supplies are satis- 
factory. Graded fuel shows little sign of expansion ; 
steelworks’ needs are reasonably covered, but several 
other users are anxious to secure a larger proportion of 
their deliveries. Gum is somewhat troublesome to 
dispose of, but on the whole a fairly satisfactory clearance 
is being*effected, with a number of cargoes of 2,800 tons 
to 3,800 tons being assigned for loading to Spain. Exports 
generally are slightly greater. The Danish allocation for 
the period April-September has been notified as 180,000 
tons, at the reduced rate of 2s. 6d. per ton on the nine- 
month basis retrospective to January 1. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—Three large opencast sites 
now being developed in the western part of the coalfield 
will step-up the production of opencast anthracite in 
South Wales from about 250,000 tons to about 750,000 
tons a year. One of the sites is due to come into opera- 
tion shortly. This is at Maesgwyn—between the Dulais 
and the Glynneath Valleys. Here 700,000 tons of 
first-grade anthracite have been proved and production 
is expected to be at the rate of 5,000 tons a week. At 
Gwaen-cae-Gurwen two sites will come into operation 
towards the end of May and there, too, production will 
be at the rate of 5,000 tons a week. Trading has been 
difficult on the Welsh steam-coal market throughout 
the past week. There was a brisk demand for all descrip- 
tions, but the over-riding needs of the home section kept 
all classes very fully engaged. The railways, public- 
utility, and iron and steel industries continued to make 
very heavy forward demands, and prospects of any 
reduction in their requirements seems to be extremely 
remote. On export account trade has been continued 
on steady lines. The amount ef coal made available 
during April, it was expected, would be approximately 
on the same scale as in recent months, the largest portions 
going to France and Portugal. Trade with Italy was 
a little busier, while there were indications that ship- 
ments to Spain, which were suspended some months ago 
due to shortages of supplies and financial difficulties, 
would be resumed on a small scale towards the end of the 
month. Bunkers met a steady request, while patent fuel 
was very well engaged in the foreign section as an 
alternative to coal, and cokes were well provided with 


forward outlets. 





NOTES FROM. SQUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The abolition of steel subsidies has 
not perturbed Sheffield steelmakers unduly; it is 
regarded as a logical development. A narrowing of the 
profit margin is regretted, but steelmakers believe that 
the new prices will be competitive and in some cases 
lower than those quoted in most other countries. Makers 
of steel products, chiefly of the lighter type, have ex- 
pressed regret that dearer steel has come at a time when 
German competition in tools and other products is 
becoming more pronounced. Engineering firms specialis- 
ing in the production of works plant and machinery are 
heavily booked and are making satisfactory progress 
with the numerous contracts oa hand. Davy and United" 
Engineering, this week, have dispatched to Newport a roll 
housing weighing 80 tons, part of a mill for the rolling 
of aluminium strip. Work on the order has been in 
progress for two years. Supervision of the erection of 
the mill is to be undertaken by Sheffield staff and work- 
men. The mill is designed for the large-scale cold 
rolling of aluminium for parts of ai ft, temp y 
houses, kitchen utensils, cars, and home and office fittings. 
The Regional Board of Industry has been considering 
the position of the Sheffield cutlery industry, which is 
finding difficulty in providing full employment for the 
employees who have been retained during a period of 
decline of export trade after boom conditions since the 
conclusion of hostilities. 

South Yorkshire Coal Trade.—The five Monckton pits 
threatened with closure unless voluntary absenteeism 
diminished and production improved, are still on proba- 
tion. At two of the pits there has been a marked 
improvement in attendance and in production, but at 
three others little change for the better has been apparent. 
The demand for coal is well maintained, and generally 
there is a fairly satisfactory rate of production in the 
coalfield, assisted by greater production of opencast coal. 
Foggy periods have hampered the movement of coal 
and empty-wagon trains. The railways are taking as 
full a delivery as possible of locomotive hards to tide 
them over the Easter Holiday traffic. Industrial steams 
are in strong demand, and coking coal is eagerly sought 
to ensure full heats at coke works. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The termination of Government 
subsidies to the iron and steel industries, as was anti- 
cipated, has resulted in the authorisation of a general 
rise in market values, but the advance in fixed quotations 
has had no apparent check on the demand. Transactions 
are not extensive because producers are heavily sold and 
are disinclined to entertain offers of new business until 
they have dealt satisfactorily with their commitments. 
Certain raw materials are still in inadequate supply. 
Improvements in Cleveland ironstone output is much 
slower than could be wished and the increased import 
of high-grade foreign iron ore does not satisfy the demand. 
Users’ stocks of the latter are considerably below what 
they consider it is advisable to carry. On the other 
hand, consumers of iron and steel scrap have been 
receiving deliveries on a scale that enabled them to 
re-establish to some extent their reserve supplies. There 
is, however, no reduction in the demand, buyers readily 
accepting all available quantities. Complaints continue 
of the inconvenient shortage of pig iron and no appre- 
ciable expansion in output can be achieved until condi- 
tions permit the liberal distribution of ore. Only 24 blast- 
furnaces are in operation on the North East Coast, or one 
less than at the beginning of the year. 

Foundry and Basic Iron.—<Acute scarcity of ordinary 
foundry pig iron continues to hamper the production of 
plants turning out light castings and other commodities 
which are in great request. The make of Cleveland 
brands ceased a considerable time ago and there is no 
prospect of a resumption in production. As a conse- 
quence, North East Coast iron founders are dependent 
on distant iron centres for supplies of blast-furnace pro- 
ducts of qualities suitable for their requirements. The 
basic-iron output is well maintained. 

Hematite, Low-Phosphorus and Refined Iron.—There 
are few new features in the East Coast hematite branch 
of industry. Regular customers are calling persistently 
for larger parcels than are coming forward, but it is diffi- 
cult to increase the limited make. All available parcels 
of low- and medium-phosphorus grades of iron are readily 
accepted for early use. Refined-iron outputs are taken 
up as soon as they become available. 

Manufactured Iron and Steel.—Makers of semi-finished 
and finished iron have good .bookings and anticipate 
that the demand will keep them fully occupied for many 
months. Producers of nearly all descriptions of steel 
are fully sold. The higher charges will hit severely such 
large consumers as shipbuilders, and railway-material 
and motor-car manufacturers. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date“of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Education 
Discussion Circle: Monday, April 11, 6 p.m., Victoria- 
embankment, W.C.2. Discussions: “ Electrical Engi- 
neering Laboratory Practice,” opened by Dr. E. Brad- 
shaw; and “ Transient Display Apparatus,” opened by 
Mr. A.C. Normington. Radio Section : Tuesday, April 12, 
5.30 p.m., Victoria-embankment, W.C.2. “ Radio- 
Freq y Heating,” by Dr. R. H. Barfield. North 
Midland and North-Western Centres: Wednesday, 
April 13, 4.30 p.m., Royal Victoria Station Hotel, 
Sheffield. ‘“‘ Influence of Inverse Time Relay Charac- 
teristics on Discriminative Time,” by Mr. E. W. Connon 
and Mr. KE. Smith. Supply Section: Wednesday, 
April 13, 5.30 p.m., Victoria-embankment, W.0.2. 
“ Detection of Winding Failures During Impulse Tests 
on Transformers by Oscillographic Methods.” by Mr. 
E. C. Rippon and Mr. G. H. Hickling. Scottish Centre : 
Wednesday, April 13, 7 p.m., Heriot-Watt College, 
Edinburgh. Annual Meeting. Discussion on “‘ Teaching 
the Fundamental Principles of Electrical Engineering,” 

d by Professor M. G. Say. 


NortTuH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Monday, April 11, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. “ Experiments on a 
Light-Alloy Model Superstructure,”” by Mr. W. Muckle. 


INSTITUTION OF PRODUCTION ENGINEERS.—Habtifax 
Section: Monday, April 11, 7 p.m., White Swan Hotel, 
Halifax. “ Production Design,” by Mr. B. G. Bowden. 
London Section: Thursday, April 14, 7 p.m., Royal 
Empire Society, Northumberland-avenue, W.C.2. “‘Mech- 
anical Mishaps in Relation to Design,” by Mr. G. E. 
Windeler. Leicester Section : Thursday, April 14, 7 p.m., 
College of Technology, Leicester. “ Balance in Line 
Production,” by Mr. W. Hewett. 


INSTITUTION OF CIvIL ENGINEERS.—Tuesday, April 12, 
5.30 p.m., Great George-street, 8.W.1. Discussion on 
“ Economical Design in Structural Steel.” Introductory 
Notes: ‘“ Practical Limits in Economic Design,” by Mr. 
G. A. Gardner ; “ Steel-Framed Buildings,”” by Mr. J. D. 
Malcolm; and “ Bridges,” by Mr. F. A. Partridge. 
Midlands Association: Thursday, April 14, 6 p.m., 
James Watt Memorial Institute, Birmingham. ‘“‘ Demo- 
lition and Reconstruction of Station Roof, Birmingham,” 
by Mr. E. F. Ingall. , 


INSTITUTION OF MECHANICAL ENGINEERS.—AUTO- 
MOBILE Division. In association with Applied Mechanics 
Group: Tuesday, April 12, 6 p.m., Storey’s-gate, St. 
James’s Park, S.W.1. “Fatigue Strength of Cast 
Crankshafts,” by Dr. H. R. Mills and Mr. R. J. Love. 
Derby Centre: Thursday, April 14, 7.15 p.m., School of 
Arts, Derby. ‘“‘ Fuel Systems for the Aero Gas Turbine,” 
by Dr. E. A. Watson. 


ILLUMINATING ENGINEERING SocreTy.—Tuesday, 
April 12, 6 p.m., School ef Hygiene and Tropical Medi- 
cine, W.C.1. ‘“‘ Manufacture of Lighting Glass,”’ by Mr. 
J.G. Holmes. “ Manufacture of Metal Parts for Lighting 
Fittings,” by Mr. P. Hartill. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, April 12, 6.30 p.m., 2, Savoy-hill, W.C.2. 
“ Nuclear Reactors,” by Dr. G. C. J. Dalton. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, April 12, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow. Annual Meeting. ‘‘ Problems in the 
Design of Rigging,” by Mr. R. V. Turner. 

INSTITUTE OF FUEL.—North-Western Section: Wed- 
nesday, April 13, 2 p.m., Engineers’ Club, Manchester. 
Annual Meeting and Film Display. (Luncheon, 1 p.m.) 


NEWCOMEN Socrery.— Wednesday, April 13, 5.30 p.m., 
Science Museum, South Kensington; 8.W.7. “ Norfolk 
Windmills, Part I: Corn Mills,” by Mr. Rex Wailes. 


INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, April 13, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. Seymour Tritton Lec- 
ture: “Treatment of Boiler Waters and the Main- 
tenance and Utilisation of Steam Locomotives,” by Mr. 
Louis Armand, 

INSTITUTION OF ENGINEERS-IN-CHARGE.— Wednesday, 
April 13, 6.30 p.m., St. Bride Institute, Fleet-street, 
E.C.4, “‘ Liquid Fuels for Steam Boilers and Industrial 
Furnaces,” by Mr. J. M. Jack. 











INSTITUTE OF MARINE ENGINEERS.—Owing to unfore- 
seen circumstances, it has been found necessary te cancel 
the meeting of the Institute of Marine Engineers, arranged 
for Tuesday, April 12, at which Mr. C. Lawrie and 
Lt.-Col. S. J. M. Auld were to have delivered a paper 
on “ The Lubrication of Marine Diesel Engines.” 
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CONTINUOUS LEAD-EXTRUSION MACHINE FOR ELECTRIC CABLES. 


PIRELLI-GENERAL CABLE WORKS, LIMITED, SOUTHAMPTON. 
(For Description, see Page 319.) 
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THE INSTITUTE OF FUEL.—The second full-day con- 
ference on ‘“‘ Combined Heat and Power Supplies,” 
organised by the Institute of Fuel, will be held at the 
Institution of Mechanical Engineers, Storey’s-gate, 
London, 8.W.1, at 10 a.m. and 2 p.m., on Wednesday, 
April 27. Three papers will be presented, namely, 
“ Technical Aspects of Interchange with the Grid,” by 
Mr. L. D. Anscombe and Mr. A. J. Ellison; “ Surplus 
Heat or Power Supplied to Adjoining Works,” by Dr. 
G. E. Foxwell; and “ Co-ordinating Heat and Power in 
@ District,” by Mr. H. E. Partridge. The conference will 
be open to the public. A buffet lunch will be served at 
the conclusion of the morning session, for which the 
charge will be 5s. per head. Reservations, accompanied 
by a remittance, should be made in writing to the 
secretary of the Institute, 18, Devonshire-street, Portland- 
place, London, W.1, before April 13. For further eon- 
sideration of general and regional aspeots of the problem, 
the North-Western Section of the Institute are holding a 
conference on the same subject, at the Engineers’ Club, 
Manchester, on Wednesday, May 11, at 11 a.m. and 2 pam. 
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LUBRICATION AND 
SEIZURE OF METALS. 


Tue need for the lubrication of surfaces moving 
in relation to each other has long been appreciated, 
as is shown by the chemical analysis of a small 
quantity of the original lubricant on the axle of 
the chariot found in the tomb of Yuaa and Thuiu, 
dating back to about 1400 B.c. In the first century 
of the present era, Pliny remarked that the ancients 
of his time had available and in use, for various 
purposes, the oils from much the same number and 
kinds of seeds and plants, as well as the fats and 
oils from animals, as are used to-day. The 
general knowledge of the subject advanced but 
slightly until the introduction of steam power, when 
the gradual increase of working pressures on the 
bearings of machinery necessitated systematic 
investigations into the essential properties of lubri- 
eants and the physical mechanism of lubrication. 
The experiments of Beauchamp Tower led to the 
brilliant work of Osborne Reynolds, and the next 
milestone is marked by the work of A. G. M. Michell. 
In more recent years, notable additions to the know- 
ledge of the subject have been made by Sir William 
Hardy and others, with the result that it has been 
extended to cover the range between, on the one 
hand, the condition of boundary lubrication in which 
viscous effects are absent, and the reduction of fric- 
tion is not directly connected with viscosity, and, 
on the other, the factors which contribute to the 
seizure of the metals of the interface. These points 
formed the subject of two interesting papers entitled 
“The Seizure of Metals,” by Dr. F. P. Bowden and 
Dr. D. Tabor, and “The Measurement of Kinetic 
Boundary Friction, or the Experimental Investiga- 
tion of ‘ Oiliness’,” by Dr. J. R. Bristow, which 
were read at a meeting of the Institution of Mechani- 
eal Engineers on April 1. 

From their experiments, the authors of the first 
of these papers concluded that, in the seizure of 


and liding metallic surfaces, an important part is 


played by localised welding at the points of intimate 
contact, with the consequent formation of metallic 
junctions between the surfaces. As these junctions 
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when sliding occurs heavy damage may be produced 
which is not restricted to the interface at which 
intimate contact occurs. The extension of this 
aig damage constitutes seizure, the localised 
welding being largely due to the intense local 
pressure, which produces plastic flow at the summits 
of the surface irregularities. Even under static 
conditions, or when the sliding speed is too low to 
produce an appreciable temperature rise, inter- 
metallic junctions may be formed by this process of 
“‘ cold-welding ’ and strong adhesion may occur. 
At high speeds of sliding, very high temperature 
flashes may be produced at the points of rubbing 
contact, and the behaviour depends, not on the 
mechanical properties of the metals at room tempera- 
ture, but on their properties at the actual tempera- 
ture which obtains at the regions of contact. In 
many cases, the high surface temperatures will 
facilitate the formation of the welded junctions, 
either by softening the metal or by partly removing 
surface films. Any factor of this sort which 
facilitates local welding will increase the chances. of 
large-scale seizure. The experimental results throw 
further light on the effect of interposing surface 
films of oxide, of soft metals, of appropriate lubri- 
cants, or of hard metallic films in reducing the 
localised adhesion and seizure. 

From the instructive micro-photographs of the 
surface of certain metals after testing, it appears 
that the effect of loading under these conditions is 
to deform the surface into an irregular shape by 
partly dislodging particles of metal, a few microns 
in height, and perhaps from five to ten times that 
dimension in width. The statement that, in certain 
circumstances, the coefficient of friction may attain 
values of the order of six raises the question whetber 
some of the phenomena under consideration are 
not more closely related to the internal friction 
than to the surface friction of metals. In the matter 
of internal friction, the formulation of the pheno- 
menon by Clerk Maxwell, Sir Joseph Larmor, and 
others may still be regarded as a fair approximation. 
The study of this subject is somewhat confused 
by the widespread, but erroneous, belief that 
internal friction and plastic flow are related to 
each other. The first produces a delay in elastic 
shearing, whereas the second produces a deformation 
in addition to that in a purely elastic process. 
According to the theory, the coefficient of interna] 
friction is equal to the product of the modulus of 
rigidity and the interval of time, 7, in which the 
strain would fall to e- of its initial value if the stress 
were removed. If the dislodgement of the particles 
is of a vibratory character, the quantity 7 will 
depend on the period, amplitude and other charac- 
teristics of the motion; from torsional vibration 
of bars, the order of magnitude of 7 has been found 
to vary from 10-* second to 2 x 10-* second for 
many metals. An inference from this is that, in 
torsional vibration of such metals, the strain will 
reach about 95 per cent. of its final value after an 
interval of time of this order; with a tuning fork, 
the time will be still shorter. 

Now it so happens that this interval of time is 
of the same order as the duration of the sudden 
rise of temperature, to about 600 deg. C. in the case 
of steel sliding on glass, mentioned in the paper. 
All the dimensions are very small quantities, and a 
student may well question the admissibility of the 
authers’ discussing the subject by reference to the 
elastic limit of metal as determined in ordinary 
tests. Further, measurement of the internal 
friction in reeds indicates that, in this instance, 
the effect of the flow of heat from side to side of the 
reed is more important than that of all other causes, 
and this may be more marked when very small 
particles of metal are involved. Indeed, the 
practical interpretation of the deformations illus- 
trated by the micro-photographs may require the 
use of quantum mechanics, and not the mechanics 
of a solid body represented by a specimen of usual 
size. In particular, it is a matter for experiment 
to discover whether the application of a temperature 
of 600 deg. C. to a particle of metal for a duration 
comparable with the computed value of 7, mentioned 
above, would affect the material in the same way 
as the application of temperature under similar 
conditions to a relatively large mass of the metal. 





are often stronger than the metals themselves, 





In the case of vibratory motion, 7 is a function of 
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several variables, including the wave-form and the 
material, and from the limited data available it 
may be inferred that the coefficient of internal 
friction will decrease with decrease in the period of 
vibration. Hence the practical significance of 
certain observations of Dr. Bowden and his colleague 
implies an appreciation of the dimensions involved, 
and of the possible difference between the field of 
force of a partly dislodged particle of metal and the 
field of force of the same particle embedded in a 
very much larger mass of the same material. The 
duration enters into the consideration of rigidity 
and strength of materials, for, as Professor H. 
Jeffreys has pointed out, shoemakers’ wax is so 
rigid that a tuning fork may be made of it, but if left 
to stand, the fork will flow down into a flat mass. 

Dr. Bristow’s paper was concerned with the 
determination of coefficients of kinetic friction 
under conditions of boundary lubrication, which 
gives some measure of boundary lubricating quality 
or “‘oiliness.” Kinetic determinations have an 
advantage over static by virtue of the additional 
variable, velocity. Temperature, the material 
nature of the surfaces, and the surface finish also 
are important variables. The opinion that the 
stick-slip movement of relaxation oscillations is an 
instrumental phenomenon will no doubt meet with 
widespread approval, as will also the view that 
viscosity is not the factor which alone determines 
the nature of the variations of boundary friction 
with velocity. As the effect of temperature on 
kinetic boundary friction is often considerable and 
complicated, the author wisely restricted his illus- 
trative examples to simple cases. The general 
effect of rise in temperature is to increase still 
further the lowering of boundary friction brought 
about by the addition of a fatty lubricant of good 
boundary lubricating properties to a straight 
mineral oil of poor boundary properties; poor 
lubricants show increase, and good lubricants 
decrease, in friction with temperature rise. Surface 
finish has various modifying influences, and in the 
case of mixtures, variations can be complicated, 
possibly due to variations of relative surface activity 
with temperature. It appears that surface tempera- 
ture, although in some instances of considerable 
practical importance, is not relevant to these con- 
siderations, since there is no reason to believe that 
temperature rises on sliding are other than those 
due to friction. In Dr. Bristow’s view, there is, 
as yet, insufficient knowledge for any complete 
explanation of boundary friction or lubrication to 
be formulated, and little material advance can be 
made on Hardy’s theories of boundary lubrication. 
According to Hardy, friction is due to interaction 
between the intermolecular forces at the free 
surfaces where two bodies are in contact, and lubri- 
cants under boundary conditions reduce this inter- 
action, but not necessarily only by physical separa- 
tion of the surfaces. 

That friction under boundary conditions is not 
due to roughness alone is demonstrated by the results 
given on roughness, where, in many instances, 
friction increases with decrease of roughness ; but 
the results do show that roughness can add to the 
apparent friction where the surface of a soft material 
is cut or scratched by the roughness of a hard 
surface. In suggesting that the effects due to 
mechanical interlocking of roughnesses and damage 
by the cutting of one surface by the other should 
not be included in the term “friction,” Dr. Bristow 
differs from the point of view presented by Dr. 
Bowden and Dr. Tabor. Friction would then, on 
Hardy’s hypothesis, be due to interaction between 
surface fields of force ; boundary lubricants would 
reduce these fields, and roughness influence the 
amount of interaction. This is a not unreasonable 
assumption, since the results cited on surface 
roughness exhibit effects due to roughness which are 
independent of the lubricant. The variations of 
boundary friction with velocity and temperature 
are then due to the influence of these two variables 
on the ability of the lubricant to reduce the inter- 
action between the surface fields of force at the 
points of contact of the two sliding surfaces, except- 
ing that the force necessary to shear the lubricating 
layers, or to move the two mono-molecular adsorbed 
layers relatively to each other, may alJso be effected 
by velocity and temperature. 


THE PROBLEMS OF ROAD 
SAFETY. 


WIr# an up-to-the-minute topicality which is rare 
among professional engineering institutions, the 
Road Engineering Division of the Institution of 
Civil Engineers has chosen the “* Pedestrian Crossing 
Week ” as an appropriate time for the presentation 
of a paper on “Research on Road Safety and 
Traffic Flow.” The authors were Dr. R. J. Smeed, 
of the Road Research Organisation of the Depart- 
ment of Scientific and Industrial Research, and 
Mr. G. T. Bennett, O.B.E., M.I.C.E., the County 
Surveyor of Bucki hire, whose contributions 
towards the safety of road users and the study of 
road engineering are well known. The paper, which 
was delivered at the Institution on Tuesday, 
April 5, was in two parts, Dr. Smeed discussing the 
subject of ‘‘ Research”? and Mr. Bennett dealing 
with ‘‘ Practical Considerations.” The section 
prepared by Dr. Smeed was, in effect, a summary 
of recent annual reports of the Road Research Board, 
with the addition of a certain amount of recent 
material not previously published. Mr. Bennett’s 
purpose, as indicated in nis introductory remarks, 
was ‘‘to express the views and reactions of a prac- 
tising highway engineer on the methods, aims and 
present achievements of his colleagues whose task 
is research.” 

The importance of the subject is sufficiently 
demonstrated by the figures of road casualties 
published by the Ministry of Transport. Between 
1937 and 1941, the total of deaths on the roads of 
Great Britain increased year by year until, in 1941, 
it reached a total of 9,169. Thereafter, the annual 
total declined until 1944, when it rose again; but 
since 1944 the diminution has continued until, in 
1947, it was down to 4,881. The number of persons 
injured, however, has been rising since 1943, and, 
in 1947, reached 161,318. These figures have been 
taken from the Annual Abstract of Statistics pre- 
pared by the Centra] Statistical Office towards the 
close of 1948, and do not go beyond 1947. The 
corresponding totals for 1948 are 4,513 persons 
killed and 148,884 injured. Bearing in mind the 
artificial restrictions on the number of vehic'es 
using the roads and on the mileage that can be 
covered with a limited supply of petrol, it is readily 
seen that the totals might easily be increased to a 
serious extent if these factors did not operate ; and 
that the economic significance of the annual casualty 
rate is a matter of importance, apart from any 
humanitarian considerations. 

This aspect of the problem was stressed by Mr. 
Bennett in the latter part of his section of the 
paper, in which he declared bluntly that “‘it is 
impossible, when considering the question of speed 
limits, to avoid equating human death and injury 
to economic loss.”” Whenever a decision has to bé 
made, whether to sacrifice speed and convenience 
to safety, or, alternatively, not to undertake safety 
measures because of the cost involved, that decision 
necessarily involves the setting of a price upon 
human life or human suffering. “It is useless to 
flinch from this issue,” he declared. “The popula- 
tion prefers to live dangerously, up to a point. 
Otherwise, it would either abolish motor vehicles, 
drastically reduce their speed, or build a complete 
new and safe road system at fantastic expense.” 
In fact, all three solutions have been applied, at 
various times and places, but, to be completely 
effective in eliminating road accidents, the first 
two methods would need to be carried to a length 
even more drastic than that proposed by Mr. 
Bennett: there were accidents on roads before 
ever a mechanically-propelled vehicle fared forth 
upon them. It may be observed, too, in the same 
collection of statistics, that deaths due to “‘ acci- 
dental injury by fall, crushing, etc.” amount to 
figures comparable with those due to motor vehicles 
and have been considerably more numerous in 
several evidently normal years. This is not an 
argument that the total of road deaths is to be 
regarded as either negligible or inevitable, but it is 
a reminder of the need to view the subject as 
dispassionately and factually as possible, and not to 





indulge in the kind of hysteria which, in the past, 
has resulted so often in ill-digested legislation 





of a repressive and discriminatory character, 
The principal points raised by Mr. Bennett 
related to the increase of safety by segregating 
different kinds of traffic; the design of road june. 
tions, and the ‘influence of width of carriage-way ; 
one-way traffic; and speed restrictions. On all of 
these he had constructive comments to offer; but 
in each case, he pointed out, the decision to aclopt 
one practice or another was commonly based on 
very inadequate evidence, for the simple reason 
that the necessary data were seldom available. The 
paper by Dr. Smeed showed how some of this evi- 
dence is being gathered ; for instance, by the study 
of aerial photographs of busy thoroughfares, taken 
at intervals of two seconds and from such a height 
that individual vehicles could be readily identified 
in successive photographs and their movements 
analysed and plotted. Some further details of the 
methods adopted were described, in a more popular 
manner, in a recent broadcast by Dr. W. H. Glan. 
ville, C.B.E., the Director of Road Research, who 
showed, incidentally, how the psychological factor 
enters into the improvement of road safety. One 
of the studies that he mentioned was designed to 
ascertain whether men or women were more affected, 
in their behaviour as road users, by the presence of 
a policeman ; it was found that, with a policeman 
in view, many more men crossed a road at a marked 
crossing-place, whereas “women were quite un- 
affected by his presence.” 

It is rather curious, however, that neither Dr. 
Smeed nor Mr. Bennett, for all their experience, 
seem to have considered in their papers, as a possible 
contributory cause of road accidents, the greatly 
increased number and variety of things that a 
driver of a motor vehicle must now do, or look out 
for, compared with the number of distracting 
influences that existed, say, 20 years ago. The 
process of driving a motor car has not been appre- 
ciably simplified in that period, though it may new 
be accomplished with less physical exertion than 
formerly ; in fact, the number of things that a driver 
must do, or be prepared to do. with his hands and 
feet, is greater now than it was then. The only 
reductions have been due to the general adoption 
of fixed ignition, and of carburettors which auto- 
matically provide the correct proportions of fuel 
and air; but the elimination of these controls has 
been more than offset by the addition of other 
refinements and of signals which are now more or 
less obligatory, whether circumstances make them 
necessary or not. On top of this is a great multi- 
plication of signs which must be observed and acted 
upon, not all of which are readily seen and many 
of which are badly sited and badly proportioned, if 
not actually redundant. 

The intentions behind these signs are invariably 
excellent, but the application of them often leaves 
much to be desired and suggests that the devising 
of them is left too much in the hands of uninstructed 
and inexperienced officialdom. It is not sufficient 
to invent a new sign and order it to be displayed ; 
its effect should be considered in relation to the 
associated circumstances. There is, as Mr. Bennett 
pointed out, a woeful lack of firm knowledge on 
which to base the decisions and orders that are so 
plentifully promulgated. To take only a single 
example: the potential advantages of traffic round- 
abouts are generally recognised, but there appears 
to be no uniformity of practice regarding their 
proportions or their shape; yet the practical 
differences in usability between some of the designs 
adopted are patent to all who have occasion to 
use them. The minimum turning circle of a London 
taxi-cab is laid down by regulation, but the most 
convenient turning circle of a private car or & 
commercial vehicle appears almost to be a matter 
of chance, in which no two t, are alike. There 
seems to be room for a great deal more standardiea- 
tion in the physical characteristics and limitations 
of motor vehicles, and for a much greater simphi- 
fication of the task of driving them, especially in 
towns. Hitherto the pursuit of road safety has lain 
mainly in the direction of multiplying the demands 
upon a driver’s attention, but there would appear 
to be a case now for trying the alternative course of 
reducing the number of distractions which compel 
him to keep his eyes upon the sides of the road 
instead of upon the road, itself. 
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NOTES. 


InpusTRIAL Gas-TURBINE DEVELOPMENT 
CoMMITTEE. 


In order that all possible steps should be taken 
to ensure that the industrial applications of the gas 
turbine are fully exploited in this country, the 
Minister of Supply has set up a committee to keep 
these matters under continuous review. Moreover, 
the committee are invited to make recc dations 
to the Minister regarding any further research or 
development work which they think should be put 
in hand. Sir William Stanier, F.R.S., has accepted 
the position of chairman of the committee and the 
other members are Air Commodore Sir Frank 
Whittle, F.R.S., adviser on operation and develop- 
ment of gas-turbine aircraft to the British Overseas 
Airways Corporation; Professor O. A. Saunders, 
Mechanical Engineering Department, Imperial 
College of Science and Technology; Sir Henry L. 
Guy, F.R.S., secretary, Institution of Mechanical 
Engineers ; Rear-Admiral (E) D. J. Hoare, director 
of research, British Internal Combustion Engine 
Research Association ; Dr. T. W. F: Brown, director 
of research, Parsons and Marine Engineers Turbine 
Research and Development Association; Mr. F. 
Shakeshaft, British Electricity Authority; Dr. 
D. T. A. Townend, National Coal Board; Mr. 
A. A. M. Durrant, British Transport Commission ; 
Dr. F. M. Birks, British Gas Council ; Sir Archibald 
J. Gill, General Post Office; Dr. H. Roxhbee Cox, 
Ministry of Fuel and Power ; Dr. G. A. Hankins and 
Dr. A. Parker, Department of Scientific and 
Industrial Research ; Mr. A. E. N. Taylor, Ministry 
of Transport ; Vice-Admiral (E) Sir Denys C. Ford 
and Dr. J. A. Carroll, Admiralty ; Mr. J. Anderson 
and Mr. A. E. MacColl, Scottish Home Department ; 
and Captain (E) M. Luby, Mr. H. Constant, Lt.-Col. 





’ P. E. Holmes and Mr. A. P. Wickens, Ministry of 


Supply. The first meeting of the committee was 
held on Tuesday, April 5, when Mr. John Freeman, 
the Joint Parliamentary Secretary to the Ministry 
of Supply, was present. 
Tae ALumiINiuM DEVELOPMENT ASSOCIATION. 
A symposium on “‘ Aluminium Alloys for Marine 
Use,” organised by the Aluminium Development 
Association, 33, Grosvenor-street, London, W.1, was 
held at the Dorchester Hotel, Park-lane, on Tuesday, 
April 5. The purpose of the symposium was to 
place before-representatives of shipowning and ship- 
building firms and Government departments, and 
members of classification societies, research organisa- 
tions and technical institutions, a summary of the 
present position on the application of aluminium 
alloys to ships. The i began with a 
luncheon, at which the guests were welcomed by 
the President of the Association, Mr. Kenneth Hall, 
and the symposium Spreng in the afternoon. This 
comprised seven short papers covering experience 
already acquired with aluminium alloys by sees 
use and outlining future possibilities. The first 
paper, by Mr. W. H. Dann, M.B.E., B.Sc., Wh.Sch., 
A.M.I.Mech.E., of Saunders Engineering and Ship- 
—_ oe dealt bo - Light-Alloy Small 
” and gave particulars of rowing and sailing 
dinghies, ships’ lifeboats, a motor tug, a motor 
torpedo boat, and other vessels constructed of light 
alloys. The second paper, by Mr. W. Muckle, M.Sc., 
M.I.N.A., of the University of Durham, was 
entitled “‘ Fundamentals in the Use of Aluminium 
Alloys in Ship Design ” and contained mathematical 
and other data on light-alloy structures for ships. 
The shipowner’s point of view on the subject under 
discussion was given by Mr. W. Stanley Hinde, of 
Messrs. James Burness and Sons, Limited, whose 
contribution, the third in the symposium, was 
entitled, “Thoughts on the Economics of Alumi- 
nium-Alloy Superstructures.” The fourth paper: 
“ Preparing Aluminium Alloys in the Shipyard,” by 
Mr. G. L. R. Watkins, M.I.N.A., of the Aluminium 
Development Association, contained a report of 
flanging and cold-working operations carried out in 
a shipyard on aluminium-alloy plate and sectional 
material to indicate the robustness of the products 
and their ability to withstand rough handling. In 
the fifth paper, Mr. R. Kendall, A.M.I.N.A., of 
The Shipping World, expressed some opinions on 


future developments in dealing with ‘“‘The Case 
for Prefabrication in Light Alloys,” while Mr. R. B. 
Shepheard, B.Sc., M.I.N.A., of Lloyd’s Register of 
Shipping, considered, in the sixth paper, “The 
Classification Societies and Aluminium Alloys.” In 
the course of this, he stated that the most pressing 
problem awaiting solution was the determination 
of a practical method of joining plates and sections 
of substantial thickness. The last paper, on “‘ Ship- 
building Research in Aluminium Alloys,” by Mr. 
J. Lenaghan, chairman, Light-Alloys Panel, British 
Shipbuilding Research Association, contained a 
brief outline of the Association’s research pro- 
gramme and of the progress so far made. A dis- 
cussion, in which Dr. E. G. West, technical director 
of the Association took part, followed the reading 
of the papers and the meeting concluded with an 
expression of thanks to the authors by Air 
Commodore W. Heimore, director-general of the 
Association. 
Tue Burtpine ResEaRcH Boarp. 

Even in these days of printing difficulties, the pub- 
lication of the Report of the Building Research Board 
for the year 1946 in March, 1949, appears to indicate 
an almost inexcusable delay. Whether or not this 
tardy appearance is to be attributed to H.M. Station- 
ery Office we cannot say, but the fact that during 1946 
the Director of Building Research, Mr. I. G. Evans, 
was transferred to the headquarters of the Depart- 
ment of Scientific and Industrial Research and Dr. 
F. M. Lea appointed in his place may have caused 
some delay in the drawing-up of the report. Owing 
to its late appearance, information about many of 
the matters dealt with has been made available 
already in other publications. An appendix gives 
a list of twenty-three contributions to technical 
journals, or the i of engineering institu- 
tions, dealing with aspects of the work of the station 
during the year under review. Four reports on 
special subjects have been published also. The 
remoteness of the report from some present aspects 
of the work of the Building Research Station is 
illustrated by the fact that a brief reference is made 
to the twenty houses at that time projected to be 
built at Abbot’s Langley to investigate the question 
of domestic heating. These houses have been in 
existence for some years and descriptions of them 
and of the work in progress have already a’ 
in our columns, notably on September 26, 1947, and 
December 31, 1948. In spite of the fact that 
much of the report is only of historic interest, how- 
ever, it is a valuable and necessary publication. 
It is only by access to a year-by-year record, that 
those interested in any aspect of the work of the 
station can keep in touch with the being 
made. The war interrupted the continuity of the 
record, but the hiatus was filled by the report for 
the years 1940 to 1945 which was reviewed on page 
244, ante. The main matters dealt with in the 

t report are concrete and soil mechanics. 
In the case of the former, some description of work 
on the use of crushed brick rubble.as an aggregate is 
given and the question of the use of clinker for light- 
weight concrete is discussed. It is stated that some 
two million tons per annum of good quality light- 
weight aggregate could be produced from power- 
station clinker. There is a brief description of tests 
on a pre-stressed concrete frame, representing two 
storeys of a pre-cast concrete building, and a short 
account of the investigation on bridge deck systems. 
The report is published by H.M. Stationery Office 
at le. 6d. net. 

AssociaTION OF SUPERVISING ELECTRICAL 
ENGINEERS. 

The Annual Dinner of the Association of Super- 
vising Electrical Engineers was held at the Con- 
naught Rooms, London, on Friday, April 1, the 
President (Mr. A. G. Ramsey, O.B.E.) being in the 
chair. Proposing the toast of “The Electrical 
Industry,” Mr. G. P. Barnett, H.M. Chief Inspector 
of Factories, recalled that his department was closely 
connected with all aspects of the electrical industry 
in the various types of premises to which the Fac- 
tories Act applied. Since the appropriate regulations 
had been issued in 1908, very few amendments 
had been necessary and, although during the 








existence of the Central Electricity Board the 
output of electricity had increased sixfold, the 





number of electrical accidents had only risen 
slightly. The increasing use of electronic apparatus 
was giving rise to some concern and a good deal had 
yet to be learnt about it from the safety aspect. 
The British Electricity Authority was about to 
set up safety committees and the Factory Depart- 
ment would be only too glad to assist in this work. 
In reply, the President of the Institution of Elec- 
trical Engineers (Mr. T. G. N. Haldane) said we 
were just beginning to emerge from a period when 
it was necessary to take a short term view and 
could be proud of what had been achieved. A 
longer view was now possible although, unfortu- 
nately, there was still a shortage of generating plant. 
Since the co-ordination of generation and trans- 
mission had been started 20 years ago, the maximum 
demand had risen four fold and there was no reason 
to suppose that during the next 20 years the in- 
crease would not be of the same order. Plans must 
be made to meet this situation, especially in pre- 
paring for a great increase of mechanisation in in- 
dustry. The use of much higher voltages would be 
of great value both from the point of view of the 
export trade and by making possible the further use 
of such resources as water power and the wind. In 
proposing the toast of ‘‘ The Guests,” the President 
referred to the fact that all the living past-presidents 
of the Ascociation were present but mentioned the 
recent death of Mr. A. H. Dykes, who had been first 
holder of that office. Professor R. O. Kapp replied. 


Tue Fan MANUFACTURERS’ ASSOCIATION. 


The educational opportunities now available to 
students and technicians concerned with the heat- 
ing, ventilating, refrigerating and fan engineering 
industries were emphasised by the retiring president 
of the Fan Manufacturers’ Association, Limited, 
Mr. D. 8. Woodley at the annual luncheon which 
was held on Thursday, March 31, at the Connaught 
Rooms, Great Queen Street, London, W.C.2. With 
the help of the Ministry of Education, representa- 
tives of these industries had taken advantage of the 
facilities already existing at the Borough Poly- 
technic, London, §8.E.1, to set up a “ national 
college” to provide opportunities for study and 
research and to ensure a steady flow of engineers 
specially trained in these particular engineering 
fields. The national college had. been established 
last year, and additional plant and laboratory 
equipment was being provided to meet its require- 
ments, and to give training on the lines considered 
desirable by the industries concerned. In view of 
the growing technical developments within the fan 
industry and the need for recruiting trained per- 
sonnel, it was hoped that an increasing number of 
students would avail themselves of the courses now 
available or in contemplation. In most cases these 
courses were intended for those holding the Ordi- 
nary National Certificate in Mechanical Engineering 
or who had reached an equivalent standard ; various 
bursaries were being offered. During the past year, 
the Association had maintained its contacts with 
the British Standards Institution and Government 
departments dealing with such subjects as air and 
air-heater specifications, and fan equipment for the 
British electrical industry ; a technical publication 
covering terms, definitions, and standards had been 
issued, and good progress made towards the com- 
pletion of a handbook which, it was hoped, would 
be available in a few months time. A small panel 
had also been formed to prepare an up-to-date 
code for the testing of fans, while work was actively 
in hand on the development and standardisation of 
alternating-current centrifugal and axial fans for 
the Admiralty. Model conditions of sale had been 
prepared for the guidance of the Association’s 
members. At the general meeting which followed 
the luncheon, Mr. C. Hall was elected president for 
the ensuing year. The address of the Association is 
23, Queen-square, London, W.C.1, and the secretary 
is Mr. G. L. Copping. 





THE OLD CENTRALIANS.—The next monthly luncheon 
of the Old Centralians—the old students’ association of 
the City and Guilds Engineering College—will be held 
on Thursday, April 14, at 12.45 p.m., at the restaurant _ 
Chez Auguste, 47, Frith-street, London, W.1. After the 
luncheon, Mr. G. C. Chelioti will speak on “‘ Industrial 
Management.” 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 


Tue 1949 Spring Meeting of the Institution of 
Naval Architects opened on the morning cf 
Wednesday, April 6, in new and unfamiliar sur- 

i board the ex-sloop Wellington, now 
moored off the Thames Embankment, between 
Captain Scett’s Discovery and H.M.S. President, 
as the headquarters and “hall” of the Honourable 


Company of Master Mariners. The chair was taken, 


by the President of the Institution, Admiral of the 
Fleet Viscount Cunningham of Hyndhope, O.M. 

The first item of business was the presentation 
of the annual report of the Council, the salient 
features of which were outlined by the secretary, 
Captain (S) A. D. Duckworth, R.N. (retd.). The 
report showed a further substantial increase in the 
membership, which, at December 31, 1948, stood 
at 3,280 of “all ranks and ratings,” as compared 
with 3,108 at the end of 1947 and 2,973 in 1946; 
though the number of members had increased by 
only one over the previous year, the largest number 
of accessions being in the class of associate members. 
The Council announced, in the report, the establish- 
ment of a new post-graduate scholarship, the 
Froude Research Scholarship, financed from moneys 
remaining in the Tank Researeh Fund. The 
suggestion te do so came from the Froude Ship 
Research Sub-committee, who considered that this 
course would meet the wishes of the original contri- 
butors to the Fund. The proposal having been 
approved by the Executive Committee of the 
National Physical Laboratory, the Council have 
arranged that the first scholarship shall be awarded 
in 1949. It will be offered for competition in 
alternative years thereafter, until the funds available 
are expended. The value of the scholarship will 
be 500/. per annum and it will be tenable ordinarily 
for two years. Other particulars may be obtained 
on application to the secretary of the Institution. 

It was announced that the ballot for the election 
of members of Council had resulted in the election 
of the following nine Members, namely, Dr. J. F. 
Allan, Sir Wilfrid Ayre, Mr. K. C. Barnaby, O.B.E., 
Mr. John Brown, Mr. Norman M. Hunter, Mr. F. O. 
John, Mr. R. B. Shepheard, Mr. V. G. Shepheard, 
and Sir A. Murray Stephen ; and of three Associates, 
namely, Sir Ronald T. Garrett, Instructor Rear- 
Admiral Sir Arthur E. Hall, K.B.E., C.B., and Vice- 
Admiral Sir Cecil P. Talbot, K.C.B., K.B.E., D.S.O. 

The President then presented the Institution 
Gold Medal (for 1942) to Mr. W. C. S. Wigley, M.A., 
and the Institution Premium to Mr. R. J. Daniel, 
R.C.N.C.; and, having done so, proceeded to 
deliver his presidential address, which, slightly 
abridged, is reprinted below. 


PRESIDENT’s ADDRESS. 


Having expressed, on behalf of the Institution of 
Naval Architects, his own and the Institution’s 
thanks to the Honourable Company of Master 
Mariners for permitting the Spring Meeting to be 
held on board the Wellington, Lord Cunningham 
continued: I would like to say how glad we are 
that our relations with the Institute of Marine 
Engineers are on such a satisfactory and friendly 
basis. In this connection, I would like to emphasise 
the importance of securing a good attendance of 
our members. I feel that we miss much good 
value from our respective institutions by not 
turning up for the reading of papers whenever 
possible, for the verbal discussion of such papers 
is an important part of the aetivities for which 
technical institutions were founded. It is instruc- 
tive to compare the discussions at our meetings 
nowadays with those recorded in our T'ransactions 
of earlier days. I think we are a little too timid 
of speech to-day, and inclined to rely too much 
on prepared statements. In past days, there were 
most vigorous verbal exchanges with the author, 
and, at times, heated arguments, carried on with 
great intensity. We need not, perhaps, generate 
all the warmth which these old discussions evoked, 
or carry them to such lengths, but I do think we 
might be more vocal in eur participation in the 
debate and not, as is so often the case, play for 
safety by reading out prefabricated written state- 





ments from the rostrum, I do want to stress this 
point. Of course, I do not exclude notes which 
speakers can use, and the last thing I want to do 
is to diseourage anybody from contributing to the 
verbal discussion, or asking questions ; but I suggest 
that we might have a little more sparkle. Even an 
occasional display of fireworks would do no harm. 

This year is going to be a busy one for the Insti- 
tution. We are to meet in Edinburgh at the end 
of June, and, by the kind invitation of the Danish 
Civil Engineers and the Federation of Danish Ship- 
builders, in Copenhagen at the end of August. 
So as not to overload the programme for the year, 
the Edinburgh Meeting in June is being kept fairly 
simple. While in Copenhagen, the Council of the 
Institution intend to take the appropriate oppor- 
tunity of electing His Majesty the King of Denmark 
an Honorary Member of the Institution. 

Before saying a few words about current ship- 
building activities, I would like to mention the 
important international Conference on Safety of 
Life at Sea, which was held in May last year. The 
little general publicity that it attracted may be 
a measure of its suecess. Unlike some other inter- 
national gatherings, where frustration intervenes 
and propaganda clouds the issue, our shipping and 
seafaring men got together most harmoniously and 
satisfactorily. 

So far as naval affairs, and warship building in 

icular, are concerned, two light fleet carriers 
were completed during the year. The first, H.M.S. 
Magnificent, was commissioned in the Royal Cana- 
dian Navy at a ceremony at Belfast on April 7, 1948. 
The second, H.M.S. Terrible, was built in Devonport 
Dockyard and was handed over to the Royal Aus- 
tralian Navy on December 16, 1948, and renamed 
Sydney. Many smaller vessels have been sold or 
lent to Commonwealth and foreign navies, including 
vessels which rendered valuable service during the 
war. Except for the Daring class of destroyers, 
all the destroyers and submarines ordered during 
the war have been completed. Generally speaking, 
however, the construction of warships has continued 
to be retarded by the priority given to mercantile 
shipbuilding and by delays in the production of 
equipment occasioned by the export drive. 

During the past year, the Admiralty have had 
under review the refitting of ships of the Reserve 
Fleet, and they have embarked on a large pro- 
gramme of work to ensure that these vessels are 
maintained in good condition. Much of this work 
has been placed with private shipbuilders and ship 
repairers. The Admiralty Ship Target Trials Com- 
mittee have continued with their work during the 
year, and their programme provides an unparalleled 
opportunity for research into the structural strength 
of ships. It is believed that the trials are also 
yielding valuable information concerning the design 
of weapons for ship attack. One trial of more than 
average interest to naval architects is in the nature 
of a repetition of the well-known Wolf experiments, 
a record of which is to be found in our 1905 T'rans- 
actions. Somewhat similar trials have been carried 
out recently by the Admiralty Ship Welding Com- 
mittee on the merchant ships Clan Alpine and Ocean 
Vulcan. The trials envisaged by the Ship Target 
Trials Committee have the object of determining 
the stresses produced in a ship for known conditions 
of loading. Trials will be carried out with vessels 
afloat and‘in dock. Advantages are that several 
ships can be used for measurements, and, in the case 
of the loading in deck, the trial can be continued 
until actual structural failure occurs. 

The important research on the problems asso- 
ciated with the welding of ships’structures continues, 
The Admiralty Ship Welding Committee have made 
a second interim report and have raised with the 
British Iron and Steel Research Association the 
problem of further fundamental work. The analysis 
of the results of the Ocean Vulcan and Clan Alpine 
trials continues and will probably take some years 
to complete. Liaison on welding matters is being 
maintained with other countries. The value of 
radiography for testing the soundness of welding 
has long been appreciated by the Admiralty and 
has now become a routine form of inspection for 
warship work; the Admiralty have now under- 
taken the training of members of the staffs of private 
shipyards in this method of examination of welds. 





Further progress has been made on the operation 
of replenishing fuel and stores at sea, to which | 
referred briefly last year. Successful transfers were 
carried out during the recent Home Fleet cruise to 
the West Indies, and valuable data have been 
obtained on the interaction effects of three ships 
steaming close abreast. Another development of 
interest is the work being carried out by the Admir-. 
alty and the Air Ministry on moorings and anchors, 
Moorings have been vastly improved, and an anchor 
has been developed with four or five times the 
holding power of the ordinary anchors now in use, 

In the field of marine engineering, research and 
development has continued along the lines of short- 
term development of machinery considered to be 
immediately practicable, but longer-term investiga- 
tion for the future is not being overlooked. In the 
development of steam machinery, besides striving 
for further economy, particular attention has been 
turned to the saving of weight, so that, for a given 
overall weight of machinery and fuel, there will be 
more weight available for fuel and hence endurance 
will be increased. In particular, boiler sizes are 
likely to be much reduced by improvements in fuel- 
burning equipment. Gearing weights are being cut 
down by the use of higher loading, made possible by 
better production methods and the improvement of 
machines. The study of steam plants shows pro- 
mise of future improvement in weight, space and 
efficiency. The possibilities of further large savings 
in weight and the high efficiencies possible by the 
use of gas turbines are now well known, as well 
as other potential advantages such as time saved 
in getting under way, but several problems yet 
remain to be solved, among them those of the 
combustion of low-grade fuels without fouling, and 
the need to ensure an adequate life by the use of 
suitable materials to withstand the high tempera- 
tures encountered. It may be several years yet 
before gas turbines can compete seriously with 
steam for main propulsion for the higher powers. 

Turning to merchant shipping generally, the 
heavy load of ship repairs appears to be falling, 
though 52 million tons passed through the repairing 
establishments in 1948. According to Lloyd’s 
Register, 2,100,000 gross tons of merchant ships 
were under construction in Great Britain and 
Northern Ireland at the end of December, 1948, 
representing 51 per cent. of the total for the world. 
Thirty-four per cent. of the total tonnage con- 
structed in the world consisted of oil tankers, and 
about 660,000 gross tons of these were being built 
in the United Kingdom. A present feature is the 
high proportion of tanker tonnage under construc- 
tion or on order, with a dearth of contracts for 
passenger and cargo liner tonnage, coasters, and 
tramp tonnage. Significant features are the increase 
in size of tankers, many of which will have a dead- 
weight capacity of 25,000 to 28,000 tons; and a 
marked tendency towards the incorporation of more 
powerful machinery. A noticeable feature of many 
of these new tankers is the return to steam for 
propulsion, either by geared turbines or by turbo- 
electric drive. There has been a notabie increase 
in the carriage of vegetable oils, molasses and latex. 

The completion of important passenger vessels. 
such as the Caronia, Orcades, Pretoria Castle, 
Ceramic and Gothic deserves mention. So far as 
the machinery is concerned, the use of double- 
reduction gearing for the high-pressure and some- 
times for the intermediate-pressure turbines is 
general, steam temperatures of 800 to 850 deg. F. 
are now commonplace, with a pressure of 500 to 
600 lb. per square inch, and this latter figure has 
occasionally been exceeded. Refrigerated cargo 
space is being provided in a greater number of 
vessels, and the installations tend to cover a wider 
temperature range ; many vessels are now eatering 
for zero and sub-zero temperatures. To an increas- 
ing extent, refrigeration is employed also to provide 
air-conditioning for passenger accommodation and 
general cargo spaces. The adoption of heavy oil 
as fuel for trawlers has been noticeable, many 
trawlers now using this fuel. Indications are that 
the use of heavy-oil engines for both main and 
auxiliary purposes is becoming increasingly popular. 

Before I conclude, perhaps this is an occasion 
when I may express on behalf of the Institution 
the congratulations of all naval architects on the 
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recently announced engagement—perhaps I had 
better now say marriage—of Lloyd’s Register of 
Shipping and the British Corporation Register; a 
fusion of interests which cannot but add to the 
authority and prestige of the country in all matters 
relating to shipbuilding. 

Finally, I would like to take this opportunity 
of reminding a wider audience than that assembled 
here to-day that we are a maritime nation who 
live by the sea. It is very difficult to hammer in 
the significance of this fact to large numbers of our 
countrymen, many of whom may have never left 
these shores and learned for themselves what 
British shipping in all the ports of the world stands 
for, and means to this country in terms of trade. 
We began to learn the significance of these factors 
in the anxious days of the war, but we forget too 
easily and quickly. The earnings of British shipping 
have always been an important item in our balance 
of trade, and since the war they have become more 
important than ever, owing to the loss of certain 
other contributory items, such as interest on 
overseas investments, more than half of which had 
to be liquidated to pay for the war. 

We must remember that our shipping not only 
earns important sums by the carriage of goods 
between foreign countries, but also, by carrying our 
own goods to or from the United Kingdom, we are 
saved equally important sums which otherwise 
would have to be paid to foreign carriers. It is 
not easy to make comparisons with pre-war years, 
but the magnitude of the sums involved can be 
judged from the fact that, in 1936, British ships 
earned about 1401. millions, whereas, in 1948, their 
earnings were probably between 3501. and 400. 
millions. These figures give some idea of the 
magnitude of the shipping industry, and its 
importance to the country. 

In these circumstances, it is obvious that the main- 
tenance of this country’s Mercantile Fleet is one 
of the primary necessities in our economic life, apart 
altogether from its importance in time of war. 
The allocation of steel to shipbuilding is just as 
important a contribution to our export drive as 
the allocation of steel to the manufacture of material 
goods shipped overseas, even if the steel used in 
building ships remains our own property ; for it is 
invested in a capital asset with a very high earning 
power. It is most regrettable that the removal 
of the steel subsidy should have been so badly 
planned in its timing. There has been ample time 
during the last three years in which its removal 
could have been undertaken in a gradual manner. 
To take action all at once at this comparatively late 
date can only be a severe shock to the industry, 
and handicap its efforts in continuing to collect new 
contracts. The air has not yet rendered ships 
obsolete, and will not do so in our lifetime. We 
must have ships, and more ships; ever better- 
designed ships ; and more perfectly equipped ships. 
This Institution knows—none better—what progress 
in the required direction can be, and is being, made. 
We have the knowledge, we have the skill and 
craftsmanship, we have the plant and equipment 
but, in the building of ships, no substitute has yet 
been found for steel. 


(To be continued.) 





Society OF ENGINEERS PRESIDENT’s GOLD MEDAL.— 
The de Havilland Aircraft Company, Limited, Hatfield, 
Hertfordshire, announce that Mr. W. T. Winter, chief 
development engineer on the Ghost engine, has been 
awarded the President’s Gold Medal of the Society of 
Engineers for his paper, “ The Development of the Jet 
Propulsion Engine,” which he read before the Society 
on May 3, 1948. This is the premier award for all papers 
read during the 1948 session. 





THE BRITISH ASSOCIATION MEETING AT NEWCASTLE- 
ON-TYNE.—With reference to the paragraph published 
in our issue of January 28, 1949, on page 79, inviting 
young engineers to submit original papers to be read 
before the Engineering Section at the meeting of the 
British Association to be held in Newcastle‘on-Tyne in 
September next, we are asked by the Recorder of the 
Section, Dr. H. 8. Rowell, to state that more papers 
have now been received than can be utilised at the 
meeting and to add that those who have offered papers 
will be communicated with as soon as possible. We 
understand that the programme for the Section as a 
whole is now provisionally completed. 





THE INSTITUTE OF 
METALS. 


(Continued from page 306.) 


ContTrInuIne our report of the annual general 
meeting of the Institute of Metals, held in London 
on March 30 and 31 and April 1, we propose now 
to deal with the papers discussed on the morning 
of March 30, after the presentation of the Platinum 
Medal for 1949 to Dr. W. Hume-Rothery. The 
chair was occupied by Mr. H. 8. Tasker, senior vice- 
president of the Institute, in the unavoidable 
absence, owing to illness, of the President, Sir 
Arthur Smout. 


WorkInG or Coppers CONTAINING BISMUTH. 


The first paper considered bore the title “‘ The 
Working Behaviour of rus-Deoxidised 
Coppers Containing Bismuth.” It was a communi- 
cation from the British Non-Férrous Metals Research 
Association, London, and was by Mr. A. P. C. 
Hallowes, who presented it to the meeting. It 
will be found on pages 6 and 42, ante. 

Mr. E. A. Bolton, who opened the discussion, stated 
that manufacturers should take very careful note 
of the procedure required in order to render the 
high-bismuth content in these coppers less harmful. 
The next speaker, Mr. T. W. Collier, said that the 
author had stated that severe cold work should be 
preceded by annealing at relatively high tempera- 
tures and quenching, the annealing temperature 
required varying with the bismuth content of the 
copper and the severity of the working operation. 
For a bismuth content of 0-007 per cent., he had 
advocated annealing at, and quenching from, 
750 deg. C. It would be difficult for manufacturers 
to quench from that temperature and he wondered 
whether a lower temperature could not be used. In 
a brief answer to the discussion, Mr. Hallowes 
re-emphasised the close relation existing between 
the possibility of re-embrittlement, the severity of 
the working operation and the grain size. Obviously, 
manufacturers would have to. pass on to users the 
recommendations regarding the heat treatment to 
be given to these coppers. Mr. Collier had asked 
whether temperatures as high as 750 deg. C. were 
really necessary, and the answer to this was that 
temperatures of this order were most essential. 


Dampine Capacity OF METALS. 


The second and third papers taken on Wednesday 
morning were both by Dr. K. M. Entwistle, of the 
Department of Metallurgy of the University of 
Manchester and dealt with the damping capacity of 
metals. They were discussed jointly. The first 
paper was entitled ‘“‘The Damping Capacity of 
Metals in Transverse Vibration,” and the second 
** The Effect of Grain-Size on the Damping Capacity 
of Alpha Brass.” In presenting the first paper 
Dr. Entwistle said that it described a method for 
the measurement of damping capacity in trans- 
verse vibration. The main objects of the work had 
been, firstly, to assess the magnitude of extraneous 
energy losses which arose, and secondly, to obtain 
results which could be compared with those mea- 
sured in torsional and longitudinal vibration. 
Apparatus losses were more likely to be manifest 
when testing specimens of low damping capacity, 
and for this reason the work had been carried out 
mainly with aluminium-rich alloys, which had been 
shown to have a very low damping capacity in 
torsional vibration. The damping capacity was 
derived from the measurement of the rate of fall 
of the amplitude of vibration of a freely-suspended 
specimen of uniform cross-section vibrating in the 
“free free’? mode. Vibrations were generated by 
feeding current from an electronic oscillator, at the 
natural frequency of vibration of the specimen 
into an exciter unit working on the well-known 
principle of the interaction between a constant 
polarising field and eddy currents generated in the 
metal by an alternating magnetic field. The decay 
of the amplitude of vibration following the removal 
of the exciting force was measured from the amplified 
voltage generated on a similar unit. The most 
serious source. of apparatus loss from freely sus- 
pended specimens in flexural vibration resulted 
from air friction and acoustic radiation, and was 


eliminated by conducting tests at pressures below 
10-* mm. of mereury. A method of suspension using 
a rod pressed into a hole drilled at a node had been 
found to introduce negligible energy loss. Speci- 
mens of r section were most convenient, 
since their planes of vibration were parallel to the 
sides of the section, but specimens of circular section 
had been used successfully by determining their 
orthogonal planes of vibration experimentally and 
drilling the hole for the supporting rod normal to 
one of them. The damping capacity of Duralumin 
measured with the fully-developed apparatus varied 
between 0-0022 and 0-0030 per cent. at about 
2,000 cycles per second. Variations of damping 
capacity with changes in metallurgical condition 
had been recorded for precipitation-hardening alloys. 
In both Duralumin and R.R. 56 alloy, the i 
capacity was lowest immediately after quenching 
from the solution-treating temperature. 

When presenting his second paper, Dr. Entwistle 
said that curves representing the variation of damp- 
ing capacity with grain-size at a constant frequency, 
afforded experimental support for the existence of 
a contribution to damping capacity in torsional and 
transverse vibration by intercrystalline thermal 
currents. The experimental identification of inter- 
crystalline thermal currents in all types of vibration 
led to the conclusion that a variation of damping 
capacity with frequency was to be expected in 
torsional, longitudinal, and flexural vibration. The 
magnitude of the variation would depend on the 
degree of elastic anisotropy and preferred orienta- 
tion, and would be most marked when the frequency 
of vibration approached a value corresponding to 
the relaxation time for heat flow between adjacent 
grains. 

The discussion was opened by Mr. M. W. Thring, 
who spoke concerning the meaning of damping 
capacity measurements. He said that, apparently, 
there were three aims. In the first, damping 
capacity was measured as a commercial test to find 
whether a material would be useful for absorbing 
vibrations. The second, intermediate, aim was to 
test the quality of the material by damping measure- 
ments, and the third aim, involving the work asso- 
ciated particularly with Zener, which was carried 
out on very pure metals, was directed to ascertain 
something about the mechanism by which metals 
were held together. The next speaker, Dr. R. F. 
Hanstock, stated that the phenomenon of increase 
in the low-strain damping capacity of Hiduminium 
R.R. 56, during ageing at low temperature had been 
observed in the laboratories of High Duty Alloys, 
Limited. Torsional vibration had been employed 
and the agreement with the author's results had 
been reasonably good. Professor }. C. Thompson, 
who spoke next, said that the modern interest in 
the measurement of damping capacity had really 
arisen in the hope that it would enable the engineer 
to overcome some of the difficulties associated with 
vibration. As methods of measurement had im- 
proved, that hope was definitely receding. As 
compensation, however, it was becoming abundantly 
clear that both the metallographers who were 
studying the fundamental state, and those who were 
more concerned with the industrial ‘application, were - 
going to find, in damping-capacity measurements, a 
tool which could throw light on problems which were 
probably not dealt with so satisfactorily in any other 
manner. The point which had interested him more 
than anything else was the really astonishing con- 
firmation which the papers provided of the accuracy 
of Zener’s hypotheses. 

Mr. L. Rotherham said that at the Royal Aircraft 
Establishment they were particularly interested in 
the grain-boundary structure of metals and it was 
this phase of damping capacity which they had 
decided to investigate, namely, the grain-boundary 
viscosity effects, which could be measured with the 
quite simple apparatus. It seemed that the 
theory of anelasticity was essentially a study of 
processes which were reversible, and it was not 
certain that there was any application of that kind 
of theory to material such as complex copper alloys 
which were dealt with in the first paper, where one 
suspected that the material was not at all the same 
at the end of an experiment as it was at the begin- 
ning. One of the essential conditions was that the 





material should not change. Probably, however, 
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Dr. Entwistle had not in mind a study of precipita- 
tion as such, but was more concerned with the se- 
lection of material of low damping capacity, which 
showed small but interesting variations and was, 
therefore, selected as a basis for demonstrating the 
capabilities of the apparatus. The next speaker, 
Dr. W. Hume-Rothery, F.R.S., agreed with Pro- 
fessor Thompson that the emphasis on damping 
measurements was now changing from one of 
engineering usefulness to one which was throwing 
increasing light on all sorts of metallurgical pro- 
blems. There was a need for a text-book on the 
subject. That by Professor Zener was superb and 
contained a great deal, but it did not make easy 
reading for metallurgists. It would be a great help, 
therefore, if the people in Manchester, who were 
doing such a lot of work in this direction, would 
compile a text-book written from the metallurgical 
point of view. The Institute perhaps might be able 
to assist in the publication of such a work. 

Dr. E. Voce maintained that the engineer was 
still interested in damping capacity. Most of the 
work which had been done up till now had a metal- 
lurgical and physical significance but there was a 
real demand for the more practical type of informa- 
tion on the relative damping capacity of various 
materials. Dr. W. F. Chubb, who spoke next, 
stated that very frequently grain size was expressed 
as a length, usually in millimetres, or as an area in 
square millimetres, and it was only on very rare 
occasions that grain size was reported or measured 
as a volume which it certainly was. He suggested, 
therefore, to the authors of the three papers dealt 
with that morning that their methods of measure- 
ment were not strictly correct. It would be more 
appropriate if grain size were measured and reported 
as a volume, for, obviously, a grain existed and acted 
as a volume. Its influences were exerted as a 
volume in relation to other grains surrounding it 
which also existed as volumes. If, when examin- 
ing the influences of nickel on the grain-size of 
copper, volume measurement was employed, funda- 
mental relations could be determined more easily 
than when lengths or area measurements were used. 

Dr. K. M. Entwistle, in reply, said that it was 
encouraging to learn that Dr. Hanstock confirmed 
the ageing results for the R.R. 56 alloy in torsional 
vibration. Mr. Rotherham had developed appara- 
tus for damping capacity measurement and it was 
interesting to know that someone was actively 
engaged in damping capacity investigations, because, 
in his experience, all too few were interested in this 
very wide field of experimental research. Mr. 
Rotherham suggested that at the end of ageing 
tests the condition of the specimen was different 
from that at the beginning. It should be empha- 
sised that the changes of metallurgical condition 
could be followed by damping-capacity measure- 
ments without the measurements themselves affect- 
ing the metallurgical condition, which was an 
important factor. Damping capacity measure- 
ments, at low stress, were really the determination 
of anelasticity phenomena of some sort which 
represented completely recoverable effects. The 
question of precipitation had also been mentioned 
by Mr. Rotherham and he (Dr. Entwistle) would 
again stress that the only way in which damping- 
capacity measurements would be of value in this 
connection was in the determination of the position 
of atoms by varying anelasticity effects of the type 
proposed by Zener. Obviously, grain size should 
really be determined by volume, but the conven- 
tional and simplest way was to express the grain 
size in millimetres. Zener measured grain size by 
comparison with the measurement standards issued 
by the American Society for Testing Materials. The 
image of a microsection was projected on to a screen 
and then compared with the American standards. 
Dr. Voce had raised the question of damping 
capacity from the engineer’s point of view. If 
engineers required information on damping capacity 
they should carry out the necessary tests, because 
the results they required were unique in their 
application. Those which were designed from the 
metallurgical point of view were not generally 
suitable for engineering conditions. 


The chairman, at this stage, adjourned the meet- 


ing until 2.30 that afternoon. 
(To be continued.) 





OVERHEAD TRANSMISSION LINE 
REGULATIONS. 


Tue revision of the Electricity Commissioners 
requirements for the design and erection of overhead 
transmission lines was discussed in a paper on “ Over- 
head Line Regulations,” presented by Mr. H. W. 
Grimmitt to the Supply Section of the Institution of 
Electrical Engineers, on Thursday, March 31. Apart 
from some wartime relaxations, the author said, the 
regulations had not been altered materially since 1924, 
and it was now desirable to align them with subsequent 
knowledge and experience which, in several instances, 
showed that revision was overdue. After the wartime 
easements, the Commissioners concluded that their 
regulations should be amended for all overhead lines, 
and they therefore consulted the Council of the Insti- 
tution of Electrical Engineers, whose relevant Code of 
Practice Committee then submitted a draft of new rules 
which were set out in the author’s paper. These rules 
consisted of sixteen basic regulations framed to ensure 
safety and reliability without, as in some previous 
instances, restricting the discretion of the designer in 
matters of detail or in special circumstances. 

Among the most important revisions from the stand- 
points of overhead line construction and economy were 
those relating to the mechanical safety of conductors 
and of their supports and to the permissible minimum 
height of conductors above the ground. A few acci- 
dents had occurred owing to crane jibs, lifting tackle, 
and hay elevators coming into contact with overhead 
lines, but such mishaps were not considered sufficiently 
numerous to offset the proposed new rule which, in 
effect, allowed the minimum ground clearance to be 
reduced by 3 ft. For lines not exceeding 11 kV, it 
stipulated that the clearance over roads should not be 
less than 19 ft., at 122 deg. F. ; over positions other than 
roads, 17 ft.; and over positions inaccessible to vehi- 
cular traffic, 15 ft. Clearances a little greater than these 
were proposed for higher voltages. The main advantage 
of the reduction lay in the smaller size of 
line tower or support required. 

The mechanical safety of a conductor depended 
largely upon the tensile stress and temperature at which 
it was left after its final erection or stringing. If the 
stringing tensions were too low, the conductors might 

ing inordinately during quite moderate breezes, 
so that large spacings would be required. On the other 
hand, if the tensions were too high, vibration troubles 
might become serious, and there might also be insuffi- 
cient security against temperature changes and the 
superimposed loads caused by wind and ice. Though 
the value of these superimposed loads could not 
foretold, it was important to ensure that the values 
assumed for the purposes of designing a transmission 
line did not penalise certain types of conductor or span 
length. For example, it was unsatisfactory to assume 
that all sizes of conductor (for lines above 650 volts 
direct current) might be subjected to a 0-375 in. radial 
thickness of ice, and the strict application of this rule 
meant that some of the smaller sizes had to be erected 
at tensions which were uneconomically low under 
normal climatic conditions in this country. 

The existing tions also stipulated that a con- 
ductor should have a factor of safety of two under 
specific conditions of wind and ice loading. The use of 
this term, however, had been severely criticised in 
England and abroad, mainly because it was not known 
to what tensions a conductor might be stressed in 
service, and because arbitrary assumptions had to be 
made. It was, therefore, a fallacy to imagine that a 
given factor of safety ensured a corresponding margin 
of h for all types of conductor or . In 
practice, the only true measure of the strength of a 
conductor was given by the value of the superim 
load required to stress the conductor to its extreme 
limit. The problem of assessing such loads for design 
purposes could be treated in two ways; by grouping 
conductors into divisions according to diameters and 
span lengths, and assuming different loading conditions 
for each group; wel using an empirical formula satis- 
factorily covering all cases. 

The Code of Practice Committee favoured the second 
alternative, and a suitable formula was evolved and 
embodied in the proposed new regulations. The 
formula was developed by plotting against conductor- 
diameter sizes, the rimposed vertical loads which, 
in still air at 22 deg. F. (the lowest assumed tempera- 
ture) were needed to stress the conductors to three 
quarters of their nominal breaking load. These super- 
im loads were calculated on the assumption that 
the conductors were erected according to existing 
regulations and practices, Three-quarters of the 
breaking load was taken on the grounds that a con- 
ductor might become premaneetly damaged and need 

lacement long before its ultimate stress was reached. 
‘Although there was a little scatter in the results, they 
could be represented a corpo by a straight line 
given by superimposed load in pounds per foot equals 
3-5 d, where d was the overall diameter of the conductor 
in inches. This demonstrated that from the standpoint 





of conductor stringing, the 3-5d formula would give 
maximum values of assumed superimposed loads, 
which, for all sizes of conductor, were in fair agree. 
ment with those obtained by existing regulations or 
a practices. Hence the adoption of the 
ormula would not jeopardise mechanical safety. It 
was therefore pro that the new regulations should 
incorporate a rule specifying that the tension in a 
line or auxiliary conductor, aerial earth wire, aerial 
cable or catenary wire should not exceed three-quarters 
of its ultimate tensile stress when at 22 deg. F. in 
still air, it carried, in addition to its own weight, a 
superimposed vertical load equal to 3-5 d Ib. per foot. 
he adoption of the 3-5d formula as a basis for 
calculating the assumed superimposed loads would 
not penalise small diameter conductors under normal 
climatic conditions, to the same degree as the appli- 
cation of existing codes, as, for example, the 0-375 in. 
ice loading assumption. Thus at 60 deg. F. in still 
air, the ratio of breaking load to the actual tension in 
the conductor on this ice-loading assumption ranged 
from about 12 to 6 for copper conductors of 0-025 sq. in. 
to 0-05 sq. in. cross-section, when they were erected 
on 300 ft. spans. Under such conditions, conductors 
tensioned to this ruling were then stressed at loads 
much less than their nominal breaking values. With 
the 3-5d formula, however, the corresponding ratios 
varied only from about 6-0 to 3-8, showing that its 
application led in these instances to higher and more 
economical working tensions and smaller line sags. 

The ratios produced by the 0-375 in. ice loadings and 
by the 3-5d formula both decreased and approached 
closer together, and became more constant in value 
as the conductor diameter and span length increased. 
With the 0-1 sq. in. copper conductor on a 500-ft. 
span, the ratios were about 4-5 and 3-8, res ively, 
and about 3-8 and 3-5 for a 0-15-sq. in. conductor on 
a 600-ft. span. On these larger conductors, a 0-375-in. 
radial ice thickness was considered reasonable. For 
these the formula therefore produced ratios in rough 
agreement with this assumption, and which also flat- 
tened out to values not conducive to conductor vibra- 
tion, there being some evidence suggesting that vibra- 
tion was more prevalent when the ratio was less than 4. 
Moreover, with the formula, the maximum super- 
im loads for a given conductor were constant at 
3-5d lb. per foot for all span lengths. This was 
not the case with existing English or Continental rules, 
which usually allowed short spans to carry greater 
superimposed loads per foot than long spans. In 
general, therefore, the adoption of the 3-5 d formula, 
besides effecting economies, would also be satisfactory 
from the standpoints of safety and simplicity. 

The present rules also stipulated that the specified 
factor of safety for overhead line towers or supports 
should assume certain wind and ice loadings acting 
on the supports and on the conductors at the same time. 
These loads were assumed to be equivalent to those due 
to a 50 m.p.h. transverse wind at 22 deg. F., together 
with given thicknesses of ice on both conducters and 
supports. Such loadings were also laid down, however, 
as a basis for the stringing of the conductors them- 
selves, so that the existing rules implied that the 
conductors and their supports would both be subjected 
to extreme conditions together. This was now con- 
sidered an unreasonable assumption, especially as the 
assumed loads were chosen arbitrarily and the term 
“ factor of safety was just as misleading as when 
applied to the conductors. 

e new Is for the design of overhead line 
supports differed mainly from existing rules in that 
they stipulated maximum loading assumptions which 
were independent of the maximum superimposed 
specified for the conductors; thus, for the purposes 
of design, the strength of the conductors and of their 
supports were to be considered as separate items. 
It was proposed to drop all ice loading clauses from 
the rules governing sup or tower design, and 
instead to specify that the supports and their foun- 
dations should designed so that there was no 
permanent distortion of any structural member or 
component, when they (the supports) and the conduc- 
tors which they. carried were subjected to certain wind 
ype depending upon height above the ground. 
t was also pro to delete the existing phrase 
which stipulated that there should be no movement of 
the support in the ground—an impossible and undesir- 
able condition to fulfil in practice. be to 150 ft., 
the wind pressure was to be taken as 36 lb. per square 
foot on projected conductor area, and at 60 Ib. per 
square foot on projected flat surfaces. Under these 
rules, reinforced-concrete poles were not to be subjected 
to more than 90 per cent. of their failing strength as 
defined in British Standard 607, and wooden poles 
to more than 75 per cent. or 50 per cent. of their extreme 
fibre stresses, according to the type of pole employed. 
In the case of steel towers, permanent. distortion 
covered such components as bolts and rivets. Other 

included those dealing with questions of 
earthing and of electrical safety, and would permit 
unearthed metalwork on high-voltage poles. 
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49. EE -_ a = 
Id give j z FREQUENCY-CORRECTION 
loads, FREQUENCY CORRECTION FOR RAILWAY SIGNALS. EQUIPMENT FOR RAILWAY- 
Sere. SIGNALLING CIRCUITS. 
Ons or . n 3 y 
Tue signalling installation on that part of the 
=! — Southern Region railway system outside the London 
in. id area which is operated by electric traction is supplied 
ty : from the 132-kV grid at a nominal frequency of 50 cycles 
feat per second. Its operation is particularly susceptible to 
a changes in this uency, variations of as little as 
“a if per cent. being sufficient to reduce the sensitivity 
hi = 4 iad of the relays, while a variation of 3 per cent. may 
g foo . +. ie cause serious delays to traffic, since the “ fail to safety ” 
is fo, Uh ised j principle is used and all the signals are therefore put to 
sould i danger. The severely cold weather of some recent 
Sonnet | Tes ; winters, with the consequent heavy demands for elec- 
“ i a il ; tric power during the morning and evening peak-load 
BP i- 1. é periods, has occasionally led to failures of the signalling 
ro in eu ¥a , owing to variations in frequency. As, unfortunately, it 
oh ; dee, ; seems likely that these conditions will persist for some 
n ed . years, it has been thought advisable to devise some 
| Be é. t means for making the signalling immune from the con- 
ae ™s 3 sequences of low frequency; and for correcting the 
-" ed iS ' frequencies exceeding the normal at which the grid is 
Ors g ; : 
om ; i sometimes — during off-peak periods. 
With 1 ies i As a result of considerable development work, the 
- ) 's electrical engineers of the Southern Region, in co- 
r r operation with the General Electric Company, Limited, 
Fa &, Magnet House, Kingsway, London, W.C.2, and the 
ore wy English Electric Company, Limited, Queens House, 
Fe Kingsway, London, W.C.2, have produced equip- 
— iy ment by means of which the incoming frequency 
_ ¢ . is automatically corrected and a standard frequency 
- Y of 50 cycles per second is delivered to the signalling 
" Be et tees circuits irrespective of the load on the grid. This 
= ; equipment is of two types ; the electromagnetic, which 
on Fic. 1. Exvecrromacyetic Contro: Equipment. Fie. 2. Execrronic Corrector CUBICLE. z edges glace ogi Ramat: eg 
Fo. on the main line between Croydon and Brighton; as 
4 well as at Lower Bush substation on the Gillingham 
~ —— = THREE BRIDGES SIGNAL SUPPLIES ne line and at Woking and Brookwood on the Aldershot 
4 ; eee. Se ee es Se Te ei line. The second type of equipment is operated on 
ra- electronic principles and is installed in the substation 
+1 at Worplesdon, near Guildford. 
mg | The design of the electromagnetic equipment, for 
en | which the General Electric Company were responsible, 
“ is based on the principle that when a three-phase 
om induction motor with a wound rotor is supplied with 
“ three-phase alternating current a magnetic field is 
I af is induced which rotates at a speed proportional to the 
= frequency of the supply. If the rotor of this motor 
‘th : m9 F is held stationary it acts like the secondary of a trans- 
ry peor sr . , , former ; and the frequency of the currents and voltages 
ed mt nd Be - % i induced in it, which can be used to supply an external 
. H : PERE ERRE rm hI ah OS load, are then equal to that of the stator currents and 
° ‘ ' aie voltages. If, however, the rotor is rotated in a direc- 
ng tion contrary to that of the rotating stator field the 
2. frequency of its output will be higher than that of the 
on supply frequency, while if it is turned in the same 
ei direction as the stator field the output frequency will 
id — — —_ — a be lower than that of the supply. 
r, . The control apparatus used on the Southern Region 
a Fie. 3. Supervisory ConvRoL PaNEL at THREE BRIDGES. to produce these results is illustrated in Fig. 1, while 
i a diagram of connections is given in Fig. 4. From the 
| Fig. 4. Single Phase Fig. 5. a Phase a it will be seen a oy pi supply is — 
: TI Pp m the mains at 440 volts, its nomini uen ing 
e Three Phase , a adk Sort | To Supervisory at Vv. 50 cycles per second, and is supplied through the main 
a ave ct it; pe 4 edie and auxiliary contactors a and } and the special control 
a , ‘L!To Supervisory tt? contactors c to two motors d and e. A supply is also 


given from the control contactors c to the ag- 
netic brake f and from the main contactor to the 
three-phase stator of the frequency corrector g. The 
two motors d and ¢ are geared to the single-phase rotor 
of the frequency corrector g, while the brake f is fitted 
on the shaft of the main machine. The slip rings 
of the rotor, which has a full-load output of 10 kVA 
at 440 volts and 50 cycles, are connected to the 
signalling load. Finally, a relay hk, which is tuned 
to a frequency of 50 cycles per second, is connected 
in the signalling supply circuit and is used to actuate 
the contactors c and thus to control the speed and 
direction of rotation of the frequency corrector g 
through the motors d.and e. This relay operates on 
the principle of a frequency meter, in which a resonant 
circuit is employed. 

When the grid is operating at normal frequency the 
relay A is in a neutral position and the rotor of the 
corrector g is held stationary by the brake f. The 
frequency of the current supplied by its rotor is 
therefore also normal, i.e., 50 cycles per second. If, 
however, the grid frequency fi by more than 0-3 
oyele- per second the position of the moving coil of the 
relay A will be altered and the appropriate contactors 
in c will be closed, thus releasing the brake f and starting 
one of the motors d or e, so that the rotor of the fre- 
quency corrector g is driven at a speed and in the 
direction which will increase the supply frequency 
by about 0-5 cycle per second. If this correction is 
not sufficient to restore the frequency supplied to nor- 
mal, further groups of contactors in c, up to a total ot 
four are closed in turn. If the frequency increases,.a 
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corresponding adjustment is made in two stages in the 
opposite direction. In this way it has been found 
possible to maintain the frequen 


of the signalling 
supply between 49-7 and 50-3 cycles per second when 
the grid frequency is between 47-5 cycles and 
51-4 cycles per second. If, however, the grid cy 


varies beyond these limits complete correction cannot 

be effected. The corrector, however, will continue to 

ive the maximum correction for which it is designed. 

case of failure to deliver the full voltage the corrector 

is automatically switched out of service and the supply 
is given directly from the grid. 

An illustration of the electronic equipment, which 
has been designed by the English Electric Company, 
Limited, is given in Fig. 2, on 331, and a diagram 
of connections in Fig. 5, on the same page. As will 
be seen from the latter, a three-phase supply at 
440 volts and at a nominal frequency of 50 es 
is given through a transformer a to the rectifyi 
valves 6 and ¢ in which it is converted into 
current, These valves are connected in the manner 
shown to the output valves d and e, in which the 
direct current is “inverted” into alternating cur- 
rent, the frequency of the latter being strictly main- 
tained at 50 cycles second by a timing unit f. 
It is therefore possible for a controlled-frequency 
output to be obtained from a source the frequency of 
whieh may vary within wide limits. An arrangement 
similar to that on the electro etic equipment is 
provided to restore the grid supply in case of failure 
of the electronic equipment. 

Both types of equipment are designed so that nor- 
mally they will be switched in and out of service by 
remote supervisory control. The apparatus necessary 
for this — is superimposed on the existing control 
system and was supplied by Messrs. Asea Electric 
Limited, Fulbourne Road, London, E.17. A photo- 
graph of the supervisory control board at Three Bridges 
control room is reproduced in Fig. 3, on 331, from 
which it will be seen that the push-button switches for 
the frequency-correction equipment at all the sub- 
stations in that control area are mounted on the central 
panel marked “ Signal Supplies.” There is also a mimic 
switch unit on the right of the panel for the three-phase 
main contactor, which operates the ie cape Wane 
tion equipment, while on the left is a similar switch unit 
for operating the single-phase change-over contactor for 
the signals supply. Between these switch units is a 
fault-indicating lamp for the appropriate substation. 
Local control of the frequency correctors can also be 
exercised at the substations concerned if it should be 
necessary in an emergency or for testing purposes, 
while any faults on the system are si ed back to 
the control room. 

In conclusion, it may be mentioned that in order to 
reduce the time cof manufacture of the apparatus to a 
minimum much of the material for the electromagnetic 
system was supplied by the General Electric Company 
to H.M. Dockyard at Chatham, where the major part 
of the assembly work was carried out. : 





LLoyp’s REGISTER WRECK RETURNS.—Statistics re- 
cently issued by Lloyd’s Register of Shipping show that 
31 merchant vessels, aggregating 51,126 gross tons, were 
totally lost or condemned, in consequence of casualty or 
stress of weather, in the quarter ended June 30, 1948. 
Of these, two, totalling 1,061 tons, were British ships. 
Ships otherwise broken up or condemned numbered 36, 
making together 146,651 gross tons. Twelve of these, 
aggtegating 57,843 tons, flew the British flag. 

RoyaL AERONAUTICAL SoOcrery.—As recorded on 
page 259, ante, the annual garden party of the Royal 
Aeronautical Society will be held at White Waltham 
Aerodrome, near Maidenhead, on Sunday, May 8. 
Tickets are available only to members of the Society, 
each member will be allowed a total of four tickets. 
The number of tickets available is limited so that 
early application is advisable. Tickets, price 10s. each, 
may be obtained from the secretary, Royal Aero- 
nautical Society, 4, Hamilton-place, London, W.1, and 
application must be made not later than May 4. 





“THE NATURE OF PLASTICS.”—An informative film, 
entitled “‘The Nature of Plastics” was presented by 
Messrs. Bakelite, Limited, 18, Grosvenor-gardens, 
London, S.W.1, at the British Council Theatre, Hanover- 
street, London, W.1, on Tuesday, April 5. This film, 
which has been photographed in Technichrome, has been 
made for laymen, although care has been taken to pre- 
servé scientific accuracy. The importance of atom 
arrangement in organic compounds is stressed ; and the 
way in which the chemist can control the packing of 
chains of atoms to give plastics which behave like 
rubber, have heat-hardening characteristics, or are 
thermo-setting is described. The film also shows how the 
properties of these thermo-setting materials can be 
further controlled by incorporating fillers. The charac- 
teristics of the various types of plastics and their indus- 
trial applications are illustrated. 


LABOUR NOTES. 


THE average wéekly wages of men, aged 21 and 
over, engaged in manual work had risen by the last 

y-week in October, 1948, to 6. 17s. lld., exactly 

ouble their October, 1938, figure of 31. 9s. For youths 
and boys, the average wages had risen, during the 
same period, from 11. 6s. 1d. to 21. 18s. 9d., an increase 
of 125 per cent.; for women, aged 18 and over, the 
average —— from ll. 12s. = pn 4s. 6d., an 
increase 0: per cent.; and, for girls, the average 
wages had jumped from 18s. 6d. to 21. 98. 5d., an increase 
of 167 cent. The average weekly earnings of these 
four of manual employees combined were 
51. 17s. 4d. on the last pay-week in October, 1948, 
compared with only 2/. 13s. 3d. in October, 1938, 
representing an increase of 120 cent. During the 
six months between April October, 1948, the 
average weekly of all classes of manual employees 
increased by 3s. 4d.; for youths and boys, by Is. 7d. ; 
for women, by ls. 7d.; for girls, by ls. ld.; and, for 
men, by 3s. lld. These Ministry of Labour figures 
relate to the wages of persons in manual 
employment in manufacturing industries generally, and 
in some of the em non-manufacturing industries, 
in the United Kingdom. All classes of manual wage- 
earners are covered, including unskilled employees and 
general labourers as well as operatives in skilled 
occupations. 





These wage-earners also benefited by having their 
average weekly hours of work reduced over the same 
ten-year period. For men, the reduction was from 
47-7 hours weekly to 46-7; for youths and boys, 
from 46-2 to 44-1; for women, from 43-5 to 41-6; 
for girls, from 44-6 to 42-3; and, for all these classes 
combined, from 46-5 to 45-3. The average hourly 
earnings for men were 2s. 11-4d. in October, 1948, 
against ls. 5-4d. in October, 1938, an increase of 
104 per cent.; for youths and boys, over the same 
period, ls. 4d. against 6-8d., an increase of 136 per 
cent.; for women, ls. 9-5d. compared with 9d., an 
increase of 140 per cent. ; and, for girls, 1s. 2d., com- 
pared with 5d., a jump of 182 per cent. The average 
hourl ings, for all classes combined, rose from 
ls. 1-7d. in October, 1938, to 2s. 7-1d. in October, 
1948, an increase of 126 per cent. 





The weekly full-time wages of some 1,350,000 work- 
people in the United Kingdom received increases 
amounting to a total of approximately 124,000/. 
during February. The operation of sliding-scale 
arrangements based on the index of retail prices was 

nsible for an increase of $d. an hour for adult 
craftsmen and of $d. or 4d. an hour for addlt labourers 
in the building i In civil-engineering con- 
tracting, there was an increase of $d. an hour for men. 
There were proportional increases in both cases for 
youths and boys. About 84,000/., out of the month’s 
total of 124,000/., resulted from sliding-scale arrange- 
ments based on the index of retail prices. A further 
28,0001. was due to decisions of Joint Industrial 
Councils and similar bodies. During the first two 
months of 1949, 1,815,000 persons shared increases in 
their full-time weekly wages, aggregating 192,5001. a 
week. The only change in the normal hours of work 
during February was in the baking industry, where 
weekly hours were reduced from 48 to 46. 





The position regarding industrial disputes showed a 
marked improvement during February, when com- 
pared with that for the preceding month. The Ministry 
of Labour Gazette reports that, although there were 
more ages in progress during February, 127, com- 
with 121 in January, the number of workpeople 
involved was only 19,000 against 55,200, and the 
number of days lost only 54,000, compared with 
113,000. In February, 1948, 194 strikes were in 
ary which involved 70,900 persons and caused the 
oss of 288,000 working days. Of the 127 disputes in 
progress in February last, 72 arose in the coal-mining 
industry and 27 in the metal, engineering and ship- 
building industries. In the former instance, 8,600 
miners were concerned and 13,000 days lost, and, in 
the latter, 4,900 persons were involved and 27,000 days 
lost. The total number of stoppages in progress during 
January and February, 1949, was 233, compared with 
35l{during the corresponding period in 1948. 


The Ministry of Labour index figures, measuring the 
level of full-time weekly rates of wages in the principal 
industries and services in the United Kingdom, re- 
mained unchanged in all cases at the end of February, 
compared with the figures for the preceding month. 
For all employees, the figure was 108, and for men, 
women Po juveniles, the figures were 107, 109 and 
110, respectively. The level at June 30, 1947, when 








this index was commenced, is taken as 100. 


There was no change in the all-items figure of the 
index of retail prices, during the monthly period 
ending in mid-February. It then stood at 109, at 
which level it has remained since mid-November, 1948. 
For food only, however, the index figure rose by one 
em also to 109, during the mon’ iod to mid. 

ebruary. These are comparable with 100 on 
June 17, 1947, when the index was started. 





Industrial production during January rose by one 
point to 124, according to the provisional estimation 
of the Central Statistical Office of the Cabinet. The 
comparative figure for December last, as recorded by 
the index of industrial production, has been revised 
by the Office and now stands at 123. Industrial pro. 
duction in January, 1948, was estimated at only 119. 
The figures are based on production in 1946, which is 
taken as 100, and are adjusted to allow for variations 
in the number of days in each month. Allowance is 
made also for Sundays, but not for holidays. 





Following the rejection recently of their wage claims 
against the four railway Executives, the executive 
committee of the National Union of Railwaymen 
decided, on March 31, to summon a ial delegate 
conference to diseuss the position and to decide on 
future poley with regard to the matter. The claims, 
for an all-round increase of 12s. 6d. a week on behalf of 
the staffs of the Railway Executive, the Hotels Execu- 
tive, the Docks and Inland Waterways Executive, and 
London Executive, were submitted to 
separate arbitrating bodies and, in each case, rejected. 
As the decisions of these tribunals are final, and binding 
on both sides, the union’s claims cannot be taken further 
in their present form. Some 80 delegates are expected 
to attend the special conference, which will take place 
in London on April 21 and 22. 





An announcement by the Ministry of S ly recalls 
that the members of the Iron and Steel , with the 
exception of the trade-union members, felt unable to 
accept the Minister’s invitation to serve on the Board 
for a further year from October 1, 1948, owing to the 
changed circumstances which were likely, in their 
view, to arise from the proposals of the ernment 
for bringing sections of the iron and steel industry 
under public ownership. But, as stated in the Minis- 
try’s former announcement, on October 1, these mem- 
bers agreed to continue in office until the work of the 
Board on certain outstanding problems had been 
oy The Board felt that this work had been 

i as far as practicable and its appointment, the 

ini continues, was ingly terminated on 
March 31. The executive work of the Board, in future, 
will be carried out by the iron and steel division of 
the Ministry of Supply. 


The request of the National Coal Board that the 
extended-week agreement, which is due to expire at 
the end of this month, should be continued for another 
year was discussed at a meeting in London, on March 31, 
between representatives of the Board and officials of 
the National Union of Mineworkers. The meeting, 
however, failed to reach an agreement and no date was 
arranged for a further meeting. The miners’ officials 
no doubt reported the results of their talks with repre- 
sentatives of the Board to yesterday’s meeting of the 
union’s executive. The existing agreement, which the 
Board desires to continue, came into operation in 1947 
and provides for an extra shift on Saturdays or for an 
alternative extra half-hour daily. The Board has found 
the working of the Saturday shifts expensive, owing to 
excessive absenteeism and other causes, and desires to 
reduce.these costs. The miners wish to obtain remedies 
for some difficulties which have arisen on their side, 
including differences in the duration of the Saturday 
shifts and the non-payment of the cost-of-living bonus 
in some places. 








Low coal-production costs in South Africa and the 
desirability for strict economy in the coal industry in 
Britain were the subjects of an address by Sir Charles 
Reid, a member of the National Coal Board, at a 
luncheon meeting of the Economic in Man- 
chester on March 30. He said that the cost of coal in 
the wagon during the third quarter of 1948 was 5s. a 
ton in the Transvaal and 10s. in Natal compared with 
46s. 2d. in Britain. Other costs per ton, outside wages, 
were approximately 2s. 6d. in the Transvaal and 5s. in 
Natal, against 16s. here. Admittedly African condi- 
tions were totally dissimilar to those in Britain, but it 
did seem vital that there should be an organisation of 
the British coal industry which would see to it that no 
one remained, either on the official or the labour side, 
who could be done without, and which kept a 
watch on inefficiencies and extravagances. P , 








not functional, responsibility was needed. 
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HEAT ENGINES.* 
By K. Baumann, M.I.Mech.E. 
(Continued from page 310.) 

In this country, most high- for railcars 
and locomotives are of the four-stroke type, largely | li 
because, with su harging, the output can be raised 
to nearly that o ratory engines, in which pressure 
charging can be applied only to a limited extent. With | has 
uncooled pistons, the limiting output of engines, 
whether two-stroke or four-stroke, is determined by 
the piston temperature, which, in turn, depends to a 
large extent on the ratio of output to piston area. The 
blowers for supercharging are driven either mechani- 
cally or by means of exhaust-gas turbines. 

Some development of supercharging with two-stroke 


engines is possible by raising the exhaust pressure and 
superch Cte engine to a pe slightly higher 
than this exhaust pressure; the exhaust gases could 


be utilised in a separate cylinder or gas turbine, and 
power 80 — added to the power of the engine 
proper. roduced an engine of this type, in 
which the gas apt ine is geared to the engine (Table IV, 
page 311, ante). The exhaust and charging p 
could be raised to such an extent that the engine suai 
roduced only the power to drive the supercharger 
een all the useful work being produced in a 
engine or gas turbine. Tests to demonstrate the effici- 
ency and feasibility of such an arrangement were carried 
out in this country by Sir H Ricardo, in conjunction 
with the Metropolitan-Vickers Electrical Company, as 
far back as 1933, largely on the initiative of Dr. R. W. 
Bailey. Further investigations were held up by the war. 
In Sweden, Gétaverken A.B. became interested in a 





two-stroke combustion-product generator in connection 


TABLE VII.—DEVELOPMENT 


2 — r.p.m. to 1,980 brake horse-power at 3,000 oo 
it has been reduced from 2-5 lb. per brake 
ridin an 1918 to 0-87 lb. per brake horse- 
in 1945. The piston has increased from 2,166 ft. 
minute to 3,000 minute; the output per 
from 17-8 to 73-3 brake horse-power ; the brake 
mean effective from 116 lb. per square inch 
ing te 5 Ib. ple: ogo inch, and the fuel consumption 
. grad ype to 0-477 > per Sue Gobo 
het our. e present position of aero-engines 
in Great Britain and the United States has been dealt 
with by Ricardo and by King and Hawthorne.* 
Sankey was not optimistic in his forecast of the 
further improvement in the efficiency of steam-turbine 
plant. hacen: hemgee eke and steam 
turbines, he stated : that a practical limit 
has now been ary the present methods of 
converting heat into work, and a knowledge of the 
laws of thermodynamics enables one to say that with 
these methods little, if any, further im ement is 
possible.” The best result for steam turbines was, at 
that time, 14,000 B.Th.U. per brake horse-power-hour, 
which corresponds to a thermal efficiency of 18-2 per 
ressure | eent., which com with the best efficiencies, ob- 
tained for gas es, including gas producer, of 24 per 
cent., and, for oil engines, 33 per cent. 
He thought, however, that, in spite of the consider- 
o higher heat economy of gas and oil engines, steam 
turbines would hold the field for the large units used 
for electrical power generation, as they could be a 
in much larger units than gas and oil engines, and 
larger than any attempted up to that date. The 
largest poate SI of individual units existing in 1917 
were: for steam turbines, 45,000 kW at 1,200 r.p.m., 
35,000 kW at 1,500 r.p.m., and 6,000 kW at 000 





page 334, nenibes wt Ge Garees eee 
tion per unit generated. Curve A shows the coal con- 
sumed per unit generated; curve B, the total units 
generated; curve C, the units nerated by steam ; 
and curve D, the total amount of coal used. Accurate 
figures prior to 1922 are not available, but between this 
year and 1939 the consumption of coal per unit gener- 
ated fell from 3-12 Ib. to 1-36 lb., wae Dg 
during the 1939-45 war and post-war years to 1-42 
chiefly on account of the difficulty of adequate plant 
maintenance and deterioration in the quality of fuel. 
Between 1922 and 1946, the units generated annually 
by steam rose from 4,884 million to 41,260 million. 

The thermal efficiency of 18-2 per cent. quoted by 
Sankey appears to refer to an individual station in the 
United States where, in 1916, an efficiency of 17-2 per 
cent., based on units sent out ‘and on the higher calorific 
value, had been obtained. Fig. 3, page 334, shows the 
improvement in thermal efficiency (curve A) of the best 
stations in this country, based on units sent out and on 
the higher calorific value, together with the operating 
conditions. Steam temperature, pressure, and feed tem- 
perature are shown in curves B, C and D, respectively. 
Omitting reheat stations, these curves show an 
increase from 16-9 per cent. in 1922 with steam condi- 
tions of 250 lb. per square inch and 650 deg. F., non- 
feed heating and a load factor of 48-3 per cent., to 
27-7 per cent. in 1937 with steam conditions of 600 Ib. 
per square inch and 800 deg. F., a feed temperature of 
340 deg. F. and a load factor of 56-3 per cent. This 
is an improvement in thermal efficiency of 64 per cent. 
There was, however, a fall in thermal efficiency to 
26-74 per cent. in 1945 for reasons already given. It 
is clear from this that Sankey’s forecast 
seadiile improvements in thermal efficiencies appear 
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— 
| Type of Engine Maximum Permissible Ou under Sea- Specific Fuel 
al 7 level I.C.A.N.t Atmospheric Conditions, Consumption. 
| we |S el 
per . per 
Beference. Make of ne and Year, | Bore, | 8 | place, " | min., B.h.p. B.m.e.p.,| B.h.p., per cent. 
in, in. ment, | mum, B.h.p. | In of 
| No. Item 2- or | Super- Litres. | ft - per per | Bh.p.| Maxi- | Maxi- Ib. per B.h.p. 
ylin-| 8." |gpcoie,| ing mle, | mam. | Bho. yoy "Finton | Litre. | tb. pe * | BaD. | continued 
: ‘ . per : 
| T. | Area. sq. in. per br. | "Cruising 
| Power). 
| | 
Sankey ..| | 917 | 1s | | | 410 1-95 
as we | Sunbeam Viking .. | 1917 4-33 6-3 18 16 4 No | 27-4 450 24-9 | 1-70 16-40 3-17 
Rolls-Royce | Rolls- VIII..| 1918 4-5 6.5 12 7 4 No | 20-3 2,166 | 2,000 360 30-0 | 1-90 17-80 | 116-0 2-50 
es @ “a ae “FF” engine 1 5-6 5-5 12 7 a No | 21-24 | 2,475 | 2,700 490 40-8 | 2-08 23-08 | 133-5 1-766 
oo ~ .| Rolls-Royce Kestrel VI . 1 5-0 5-6 12 7 4 8 21-24 | 2,655 | 2,900 590 49-2 | 2-505 | 27-80 | 144-4 1-60 0-502 82-0 
a ce Merlin II 937 5-4 6-0 12 7 4 6-25, 27 3,000 | 3,000 880 73-3 | 3-207 | 32-60 | 141-2 1-517 0-535 89-8 
= Rolls-Royce Merlin X 1940 5.4 6-0 12 7 - 10 27 3,000 | 3,000 | 1,280 | 106-6 | 4-66 47-45 | 205-2 1-117 0-495 70-7 
o  @ Rolls-Royce Merlin 66 1944 5-4 6-0 12 7 + 18 27 3,000 | 3,000 | 1,635 | 186-3 | 5-95 60-55 | 262-3 1-006 0-477 60-9 
ee Rolls-Royce Merlin 130 1045 | 5-4 6-0 12 7 4 | 2% 27 3,000 | 8,000 | 1,980 | 165-0 | 7-21 | 78-80 | 817-5 | 0-8685 | 0-477 55-5 
































* These numbers refer to the first column 
¢ International Committee for Aerial Navigation. 


with railway traction and marine propulsion. In both |r. 
cases, applications were made ; first a 300-brake horse- 
power plant with reciprocating power engine, — 
to a harbour tug in 1931, and later a 550-brake 

power plant with a gas turbine, a 
The largest plant constructed marine ulsion 
wan Gor © ctl Saelth ‘eaveh vent oft shaft 
horse-power, the prime mover in this case also being 
a gas turbine. Similar developments have taken place 


in connection with the Pescara free-piston engine. The | i 


plant the attractive feature of permitting a 
number of ee ee prime tors, employing 
engine cylinders of sma. erate size, but aggre- 
gating considerable power, to deliver to a gas turbine 
as the prime mover at an initial temperature of not 
more than 750 deg. F., and at a pressure of 55 lb. per 
square inch gauge, and giving an overall thermal 
efficiency a hing that of a highly efficient oil 
engine. A “Taxther* er development, increasing the ou 

at the expense of efficiency, would be to emp 
secondary combustion before the exhaust gases were 
led to the turbine, and to make the turbine suitable for 
such higher temperature. 

Petrol engines form too large a subject to treat in 
detail, but as Sankey referred to the develo ate 
aero-engines, I will refer briefly to their su 
development. He referred to an 18-cylinder of 
410 brake horse-power with a weight of 1-95 pe 
brake horse-power, but was unable to give 
particulars owing to war-time restrictions. The 
was apparently the Sunbeam Viking and the weight 
stated was evidently not achieved, as later records 
chow it to have been 3- 17 Ib. per brake horse-power. 
As an illustration of the general progress made since 
1917, Table VII, on this page, gives particulars of the 
development made on one type of engine. The power 
has been increased from 360 brake horse-power at 





* The 35th Thomas Hawksley Leoture, delivered at 
the Institution of Mechanical Engineers, London, on 
Friday, November 19, 1948. Abridged. 


to a locomotive. | i 


engines, 4,000 brake horse- power. 


3,000 and 3,600 r.p.m 
curve B, Fig. 1. 
individual outputs ed 60,000 kW in 1931, and i 
1947 a number of machines were put in hand in the 
United States for 100,000 kW at 3,600 r,p.m. In this 
= has been slower; curve C, Fig. 1, 
owing Metropo litan, Viekers — may be taken 
“Zar rote of bi pare d speeds, th 
e advance of turbine an e 
d of the associated alternators have had their 
but, broadly , the two sides have 


t | forging and lectin inspection, and to the 


advance in electrical design and methods of ventilation, 
inc cooling, alternator designers have 
had no fatty in meeting the turbine. designer 
demands for single units. Both could undertake 


high- 
machines f considera ter than 
sen now standardised odin thin poem "ingle alter- 


nator units of 100,000 kW are now made in 
America, France, and Russia, to run at 3, T.p.m. 
The great increase in electricity in steam 


power stations in Great Britain is shown in Fig. 2, 


* “Piston Aero Engines,” by H. R. Ricardo, Proc.I, 
Mech.E., vol. 157, page 193; and “ American Aircraft 
.” by W. J. King and W. R. 











Propulsion Machinery, 
Hawthorne, ibid., vol. 157, page 197. 


es Pedy t= gow bg = brake er. This lather for 


sary and due to progress in the technique of posals was 


of Table I, (page 309, ante.), and indicate the arrangement of the engines. { Supercharging pressure stated, where known, in Ib. per sq. in. gauge. 


These considerable advances 
tive feed-water 
e efficiencies, to the 


now unduly pessimistic. 
are due to the introduction of 
heating, to improvements in b 
increase in steam and tem ures, to 
increase in size and of units, and to improve- 
ments in boilers and condensing plant; I propose to 
discuss them in this order. 

In his com of the heat consumption of 


; | Various types of e , Sankey refers to the “ Rankine 
dard of 


engine or stan comparison, that is, the most 
perfect heat engine possible working under the given 
conditions.” This reflects the general lack of appre- 
ciation at the time that, even with a steam it 
is possible to improve on the Rankine cycle, and to 
approach nearer to the more efficient Carnot cycle, 
by the use of regenerative feed heating. In 1894, it 
was proved that the usual steam cycle with saturated 
steam, when eombined with multi-stage feed-water 
heating, is thermally as efficient as the Carnot cycle. 
George and James Weir, in 1876, had taken out patents 
on this in connection with marine engines, and later 
Ferranti had patented this cycle with steam turbines 
and air heaters on boilers without economisers, Experi- 
mental plant in rating some features of his pro- 
installed and tested at the Vickers Works 

in Sheffield Sete 1914, and Ferranti at that time had 
given a good deal of consideration to the effect of 
= oo combustion temperatures on the grates and 
In 1915, I’ satisfied myself that, even with the 
boilers normally used at that time, considerable im- 
provements could be obtained by heating the feed water 
to much higher temperatures than was the usual 
—-~ provided the heating steam was extracted 
the main turbine at a pressure just sufficient to 

heat the water to the required temperature. At that 
— Pe oa opinion was held by many engineers, and 
Ferranti in his patent and Stodola in his 

thet. en economisers are used, it does not pay 

to heat the feed water above 100 deg. F., as most of the 
improvement obtained would be negatived by chimney 
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PROGRESS IN ELECTRIC POWER STATIONS. 
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losses. My i showed that,: with single- 
stage feed | eaetaae Sok tho Sten exited shal of 
that time, i.e., 200 Ib. per square inch and 600 deg. F., 
7 with boilers then e 
4-9 per cent. due to feed heating to 180 deg. F. would 
only be reduced to 3-9 per cent. as a result of the 
higher chimney temperature, and with multi-stage 
heating in stages of 25 deg. F. to 300 deg. F., the 
improvement would be reduced only from 9-5 per cent. 
to 7 cent. Thus the introduction of regenerative 
feed heating was justified without waiting for the 
d ent in boilers and air heaters to make them 
suitable for higher combustion temperatures ; in fact, 
it could be used with existing boilers. The earliest 
stations where this was done were Carville in 1916, 
followed by Stoke and Dalmarnock. In these stations, 
ae ee ee Oe F. was 

opted. 

Power-station engineers soon realised the additional 
poe Dang ee eg ig magi 
temperatures in connection with air heaters. 
first station so equi ee Skee hate 
for a final feed temperature of 300 deg. F. was that at 
North Tees, commenced in 1917 and completed in 1920. 
In this station, economisers were omitted, thus adopting | consisting 
the arrangement proposed by Ferranti. In later instal- 
lations, however, both economisers and air heaters | of 
were and the feed temperatures were gradually 
raised. us at Barton power station, Manchester, 
a 25,000-kW plant was designed in 1919 and put into 
commission in 1923, with two-stage feed heating to 
og Reor and three years later a 41,000-kW t 
with four. hea‘ to 300 F. 

The aan one ie thermal efficiency 
due to regenerative feed heating, incl auxiliaries 
(curve A) and excluding auxiliaries (curve B), is shown 
in Fig. 4, herewith, for five-stage feed heating, for stop- 
valve pressures from 200 Ib. per square inch absolute 
to 1,800 Ib. = square inch absolute and a a oy 
temperature of 800 deg. F. Fig. 4 also shows the feed 
temperature at which the optimum improvement is 
obtained (curve C). The improvements due to feed 
heating increase from 8-8 per cent. at 200 lb. per square 
inch to 15-9 per cent. at 1,800 Ib. per square inch. 
The greater im at higher pressures and tem- 
peratures has naturally given additional impetus to the 
adoption of higher pressures. Thus, in Fig. 5, opposi.e, 
the improvement in thermal efficiency is shown in curve 
A with five-stage feed heating and a vacuum of 29 in., 
and in curve B without feed heating ; with feed heating 
there is a continuous improvement with pressure, but 
without feed heating a maximum would be reached at 
about 1,500 Ib. per square inch. The curves include 
auxiliary ro agyeer for river conditions. 

Sankey’s rather ay weer outlook regarding 
possible improvements in thermal efficiency is —e 
ing, having in mind the formation, in 1914, the 

Nozzles Research Committee, of which he was chairman 
until his death in 1925. Very useful information was 
obtained by the tests, and the work carried out stimu- 
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lated further research by the manufacturers, which 

had suffered a serious set-back during the 1914-18 

war. It is not entirely a coincidence that, since 1917, 

the efficiency of turbines, quite apart from other im- 

fas bee im in the steam cycle or the steam conditions, 
been improved very greatly. 

While nozzle research gave TS information, it 
was necessary to confirm these results by testing com- 
plete turbine stages. The improvement in efficiency 
could be accurately ae ag in experimental turbines 

consisting of i aS stages where the blade 

its were tively small, but comparative —— 

~ 5 ae blades is more difficult, ly on account o! 
the po volumes of steam which have to be handled 
and the difficulty of leading the steam to and from the 
pe pe to be tested, and the resulting difficult problem 
of measuring, with sufficient accuracy, the true average 
static and Pitot conditions in front of and after the 
stages. For this reason, it has been difficult to deter- 
mine the improvement which can be obtained with 
what has now been called vortex blading, first intro- 


; 
é 
| 


-..Lb.per 





duced by Soderberg (1935) and designed to compensate per 


for the centrifugal effect in a stream through long guide 
blades by increasing the reaction from root to tip. 
There is still some doubt as to the extent to which the 
efficiency of the whole turbine could be improved by 
vortex flow, at least through the long b but 
it is not likely to exceed 2 per cent. It must be remem- 
bered that the simple vortex theory applies to flow of 
steam in an direction; the centrifugal force 
created is beneficial in causing the spread of steam 
outwards in the low- stages of steam turbines, 
and the true vortex theory cannot be applied without 
pg ay ma ama <4 ag sear 

blade efficiencies in gas turbines, 
e the overall icine is affected two- to three-fold, 
and wi the blade heights are relatively large and the 
numbér of stages small, has drawn renewed attention 
to the importance of research on the flow through both 
stationary and moving blades, and on vortex blading. 
As far as steam turbines are concerned, it is estimated 
that the improvement in blade efficiency of turbines 
during these last thirty years is from 5 to 8 per cent., 
part of this improvement resulting from increased 
staging. There is some improvement also due to the 
increase in the capacity of turbines, but this is largely 








offset by the increase in pressures which in itself results 
in blade heights in the high-pressure end, and 
increase in gland and other leakage losses. 

Fig. 6, opposite, shows increases in steam pressures 
and temperatures which have taken place during the 

period under review. The curves are plotted on the 

s of orders received in the works with which I am 
associated, and are in continuation of those given by 
Guy in 1929.* The full lines show the maximum for 
each year and the dotted lines the weighted average. 
The weighted averages are, no doubt, representative 
of average English practice. The average pressures 
have increased from 200 lb. per square inch in 1917 to 
over 600 lb. per square inch in 1947, and temperatures 
from 570 to 800 deg. F., while pressures for individual 
machines approach 2, 000 Ib. per square inch and 
temperatures of 950 deg. F. The rapidity of this 
development is, perhaps, the cause of the haphazard 
manner with which these increases in pressures and 
temperatures have occurred. It is only recently that 
some kind of co-ordination has taken place in connection 
with turbines running at 3,000 r.p.m. with steps of 
50 per cent. increase in pressure and increases of 
50 deg. F. in temperature, as given in the following 
list, together with the capacities recommended for 
the respective conditions :— 

15,000 kW. 400 lb. per square inch, 800 deg. F. 

30,000 kW. 600 lb. per square inch, 850 deg. F. 

60,000 kW. 900 Ib. per square inch, 900 deg. F. 

60,000 kW. 1,350 lb. per square inch, 950 deg. F. 


These may be compared with the American standards 
which have recently been adopted for 3,600 r.p.m. 
machines :— 

15,000 kW. 600 Ib. per square inch, 825 deg. F. 

20,000 kW. 850 Ib. per square inch, 900 deg. F. 

40,000 kW. 850 Ib. to 1,250 Ib. per square inch, 900 

deg. to 950 deg. F. 


It is noted that, as a result of the higher speed, 3,600 
r.p.m. compared with 3,000 r.p.m., higher steam condi- 
tions are permissible for a given capacity. 

Fig. 7, opposite, shows the improvements obtained 
by raising the pressures and temperatures above 200 Ib. 
square inch and 700 deg. F., which were standard in 
1917. Auxiliaries for river conditions, five-stage feed 
heating to an economic temperature, and a vacuum of 
29 in. of mercury are included. Thus, raising the 
pressures with a4 temperatures to 


400 Ib. per square inch, 800 deg. F., 


raised the thermal efficiency ... 10°3 percent. 
600 Ib. per square inch, 850 deg. F., 

raised the thermal efficiency oe SOD - 
900 Ib. per square inch, 900 deg. F., 

raised the thermal efficiency ics BEG o 
1,350 lb. per square inch, 950 deg. F., 

raised the thermal efficiency - 984 »”» 


The dotted lines show the wetness at exhaust, per 
cent. With the present standard conditions of 600 lb. 
per square inch and 850 deg. F., it may be claimed that, 
during these 30 years, an improvement of 16-2 per 
cent. was obtained, due to this raising of pressures and 
temperatures, of which 2-5 per cent. must be credited 
to the introduction of feed heating, in addition to the 
8-8 per cent. obtained due to feed heating at 200 Ib. 





* “Tendencies in Steam Turbine Development,” 
Proe.I.Mech.E., vol. 1, page 453 (1929). 
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per square inch (gauge). The total improvement due 
to feed heating and the raising of and tem- 
peratures isptherefore, 1-162 x 1-088 — 1 = 0-264 = 
26-4 per cent. 

Further improvement in thermal efficiency is possible 
by reheating the steam. The first plant put into com- 
mercial use was North Tees already referred to as a 
pioneer feed-heating installation. With reheating, an 
improvement of 4 to 5 per cent. is possible, but the com- 
plications involved have disco the use of this 
cycle to any extent. In America, the Port Washington 
plant has been outstanding for the economy it has 
reached. This plant is of the one-boiler one-turbine 
type, with a turbine capacity of 85.000 kW, operating 
with inlet conditions of 1,230 lb. per square inch (gauge), 
825 deg. F., with reheating to 825 deg. F. at a pressure 
of 425 lb. per square inch (gauge) at maximum capacity. 
The operating results for 1936 show a heat consumption 
per unit generated of 10,380 B.Th.U. (higher calorific 
value) with a corresponding thermal efficiency of 
32-87 per cent.; on the basis of units sent out the 
figures were 10,954 B.Th.U. (higher calorific value) and 
31-15 per cent., respectively. 

Another interesting i tion is the Twin Branch 
station of the Indiana and Michigan Electricity Com- 
pany, where a 76,500-kW turbine operates at 2,500 Ib. 
per square inch (gauge), 940 deg. F. This is a two-axis 
unit, the high-pressure turbine being of 22,500 kW at 
3,600 r.p.m. and the low-pressure turbine 54,000 kW 
at 1,800 r.p.m. Reheating to 900 deg. F. is 
between the — at 470 Ib. per square inch (gauge) 
at maximum load. In this plant, as at Port Washing- 
ton, only one boiler is used, without standby. Pub- 
lished figures for this station give thermal efficiencies 
of 33-18 and 33-49 per cent., on units sent out 
and on the higher calorific value, for selected periods—in 
= and June, 1941—of 623 and 168 hours, respec- 
ively. 

A steam plant with more advanced steam conditions 
is under construction for the Philip S station, Ohio, 
the steam conditions at the turbine being 2,000 Ib. per 
square inch (gauge), 1,050 deg. F., with reheat at 
375 Ib. per square inch to 1,000 deg. F. The expected 
heat consumption is 9,270 B.Th.U. per kilowatt-hour 
for a net plant output of 141,520 kW, with a boiler 
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efficiency of 90 cent., which ag ean to a thermal 
pr seman of 36.5 per cent. on the higher calorific value, 
or about 37-5 per cent. on the lower calorific value of 
the fuel, a performance approaching that of Diesel 
engines. There is only cnn Ode ; this is designed for 
the remarkably low flue-gas temperature of 235 deg. F., 
which accounts for the high ciency of 90 per cent. 
based on the higher calorific value. 

In this country, 60,000-kW three-cylinder machines 
are coming into operation shortly. With inlet condi- 
tions of 1,235 lb. per square inch (gauge), 825 deg. F., 
pressure cylinders to 825 deg. F., the expected heat 
consumption at economic load will be 8,698 B.Th.U. 
= kilowatt-hour, or 39-23 per cent. thermal efficiency, 

ased on units generated. With an expected boiler 
efficiency of 88 cent., based on the higher calorific 
value, and auxiliary power at 6 per cent., this would 
correspond to an overall thermal efficiency of 32-4 
per cent. In spite of these remarkable results, it is 
not expected that reheating will be adopted to any 
extent. The tendency will be rather towards raising 
pressures and temperatures, and to avoid the com- 
plications which reheating introduces. Thus at Batter- 
sea “ B” station, with a steam pressure of 1,350 Ib. per 
square inch and a temperature of 950 deg. F., a thermal 
efficiency of 31-5 per cent., based on units generated 
and on higher calorific value, was obtained on a week’s 


running. 
Thirty years ago, the cost of the boiler plant, includ- 
ing cual and ash-handling plant, was about the same 
as that of the turbine, alternator, and condensing plant, 
each of these two groups being about 25 per cent. of the 
total cost of the station. To-day, with pressures three 
times those then ruling and tures 200 deg. F. 
higher, the cost of the turbine, alternator, and condens- 
ing Vga with feed heaters now included, is 16 per cent. 
of the cost of the station, whereas the boiler plant is 
roughly 40 cent. This deserves some explanation. 
T have referred to the development which was 
as a result of the introduction of feed-water heating, 
which involved the addition of air heaters and the 
development of furnaces to deal with the higher com- 
bustion ga rs pao but the reason for the great 
change in tive costs is the introduction of higher 








pressures and temperatures. On the turbine, only the 
stop, ape pr and | Apa valves, and the high- 
pressure end of the turbine are subject to these hig 

conditions, and so far as the low-pressure end and the 
condenser are concerned, the kilowatt capacity is in- 
creased, with the result that the increase in cost for 
higher pressures and temperatures is relatively small. 

On the other hand, the increase in the size of units 
at 3,000 r.p.m., which has taken place during this 
period, has reduced the bulk of the plant and has had 
the effect of reducing the cost for a given capacity. 
With boilers, however, all the pressure-bearing parts 
are affected by the increase in pressures. The super- 
heater and steam piping are further affected by the 
increase in temperature, and the bulk of the boiler 
cannot be reduced because the heat-transmitting sur- 
faces are still required to be of the same order, although 
some reduction can be made in accordance with the 
reduced heat consumption of the _ with higher 

ressures and temperatures. emand, however, 
or greater availability, higher efficiency, and lower 
chimney temperatures has necessitated greater heat- 
transmitting surfaces, as well as increased furnace 
volumes to obtain satisfactory combustion. This 
change in relationship between turbine and boiler plant 
has an important influence on the turbine; as a result 
of it, the economic value of improved turbine efficiency 
is increased, and blading efficiencies assume an import- 
ance similar to that in gas turbines. 

It is apparent, therefore, that great developments in 
boiler practice can be recorded. In of size 
alone, whereas 30 years ago a boiler feeding a 5,000-kW 
turbine was regarded as large, now single boilers are 
in operation supplying steam to turbines 20 times 
this capacity. This has become possible by the intro- 
duction of pulverised-fuel firing, which is one of the 
outstanding developments, but even boilers with stoker 
firing are in operation, in this country, of a size large 
enough to feed a 50,000-kW machine. 

One incentive to the development of large boilers 
has been the tendency to use one boiler to one turbine, 
which results in a considerable simplification of the 
layout of the plant, but demands greater availability 
of the boiler. Sankey’s chart of best recorded results 
of heat engines indicates an efficiency of the boiler of 
75 per cent., including auxiliaries. Present efficiencies 
on this basis are about 86 to 88 per cent. with a resultant 
improvement in thermal efficiency of the whole power 
station of about 15 per cent. 

Reference should be made to the introduction of the 
pressure-combustion boiler. An endeavour to reduce 
the bulk of the boiler plant by pressure combustion was 
referred to by Knudsen in 1925, and a more i 
scheme was described by Stubbs in 1927. The credit 
for having developed a satisfactory plant of this ‘ype, 
at least for burning oil, is due to Brown Boveri. It is 
possible that future development of pressure combus- 
tion, such as is involved in the development of gas 
turbines, will give a further incentive to the develop- 
ment of pressure-combustion boilers, i where 
space and weight are important, as in ships or under- 
ground power stations. 

There is another im t of the steam power 
plant about which Sankey nothing to report. At 
the time of his lecture, condensers were designed with- 
out great attention being given to reducing the pressure- 
drop through the nest of tubes. It was largely a ques- 
tion of packing the maximum number of tubes into a 
given diameter of shell, the user ifying a large 
surface to ensure a high vacuum. Actually, the 
position became such that an appreciably higher 
vacuum was obtained by removing up to 30 per cent. 
of the tubes. The considerable increase in the size 
of the units and, therefore, in condensing surface, led 
to more scientific designs and investigations, and 
— of the effect of various factors on the 
efficiency of condensers led to numerous arrangements 
of the tube nests. These radical changes resulted in a 
great reduction of the -drop across the tube 
nest, and raised the temperature of the condensate to 
the full vacuum temperature, thus providing a valuable 
contribution to the elimination of oxygen in the feed 


water. 
The life of condenser tubes has been multiplied man; 
times by the researches into more suitable tube careers A 
undertaken by the British Non-Ferrous Metals Research 
Association and the British Electrical and Allied Indus- 
tries Research Association, the outstanding successes 
being aluminium brass, mainly used ir land power sta- 
tions, and 70/30 cupro-nickel, which has vastly improved 
the service given by naval vessels at sea. Another factor 
contributing to the maintenance of high vacua has been 
the development of the use of orination, by its 
elimination of the effects of alge in reducing Theat 
transmission. In the early twenties, the steam oper- 
ated air ejector took the place of the reciprocating air 
ump and the Leblanc pump, and similar devices 
Based on the action of water jets. 
Great improvements in cooling towers have taken 
place. The wooden rectangular type has given way 
to the concrete tower of hyperbolic shape. Since the 
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first of the towers in England was installed 
1925 at Lister Drive station, Li the sizes have 

at Hams Hall 


gradually increased to that i 
*B” Power Station, which is suitable for 75,000-kW 
capacity, with a floor area of 50,000 sq. ft.; this com- 

with the wooden towers in 1917, suitable 
or only 5,000-kW capacity, with a floor area of 
6,500 sq. ft. The height of the concrete cooling towers 
has increased from 120 ft. at Lister Drive to 320 ft. 
at Hams Hall, with consequent improvements in the 
performance of the tower and in atmospheric conditions 
in the neighbourhood. 

(To be continued.) 





CATALOGUES. 


Oxygen Cutting Blowpipes.—The British Oxygen Com- 
pany, Limited, Grosvenor House, Park-lane, Lordon, 
W.1, have introduced two new cutting blowpipes using 
oxygen and acetylene, coal gas, propane, etc. They are 
known as Cutogen No. 1 and 2 oxygen hand cutter, and 
incorporate an improved one-piece nozzle. The No. 1 
cutter will cut mild steel up to ? in. thick, and the No. 2 
cutter mild steel up to 12 in. thick. 


Engineers’ Small Tools.—A catalogue and some leaflets 
issued by Messrs. James Neill and Company (Sheffield), 
Limited, Composite Steel Works, Napier-street, Sheffield, 
11, give particulars of a number of Eclipse engineers’ 
small tools which this firm manufacture. They include 
centre punches, scribers, tap wrenches, V-blocks, angle 
_ plates, surface gauges, and some pin chucks and ;in 
tongs which have been introduced recently. 


Centreless-Grinding Machine.—A folding leafiet we 
have received from the Churchill Machine Tool Com- 
pany, Limited, Broadheath, Manchester, gives the speci- 
fication and uses of the Churchill Model E C centreless 
grinding machine. It is suitable for workpieces up 
to 6 in. in diameter, using a 20-in. grinding wheel and a 
12-in. control wheel. The control-wheel slide is fitted 
with a micrometer adjustment reading to 0 -0001 in. 

Roller Bearings for Mine Cars.—British Timken, Limi- 
ted, Cheston-road, Aston, Birmingham, 7, have issued a 
folder which gives details of their tapered-roller bearings 
suitable for fitting to the wheels of mine cars. A line 
diagram of a typical wheel and bearing assembly is 
included, together with a table which gives the leading 
dimensions of a range of bearings suitable for use with 
cars having a total laden weight of from 24 tons to 9 tons. 

Oil-Proof Paints for Machinery.—Messrs. Arthur Hol- 
den and Sons, Limited, Adderley Works, Bordesley Green- 
road, Birmingham, 9, have sent us a brochure, leaflets 
and a colour card referring to their oil-proof paints 
intended for painting machinery in contrasting colours 
to emphasise working areas and moving parts, and to 
create a restful balance of light and colour. The paints 
are stated to be fully resistant to cutting fluids, cooling 
media and lubricating oils. 

Pumps for Oil Refineries.—Specifications, drawings, 
and tables of dimensions of Pulsometer Pacific SVC, 
SEC and RVC, single- and two-stage centrifugal pumps 
for oil refineries and oilfield services, are given in a 
catalogue issued by the Pulsometer Engineering Company, 
Limited, Nine Elms Iron Works, Reading. The firm 
have the sole rights to manufacture, for European and 
Eastern markets, the complete range of pumps made by 
Pacific Pumps, Incorporated, Huntington Park, Cali- 
fornia, U.S.A. 

Pressure Gauges.—Examples from a wide range of stan- 


dard and special-purpose pressure gauges are illustrated | ©0gin 


and described in catalogue issued by Messrs. Barnet 
Instruments, Limited, Bath Place, Barnet, Hertfordshire. 
In addition to standard Bourdon-type instruments, there 
are gauges for oxy-acetylene welding and cutting equip- 
ment, an absolute-pressure gauge, differential-pressure 
gauges, refrigerator gauges, gauges for pulsating pres- 
sures, and a dead-weight instrument for testing pressure 
gauges. 

Cranes, Traversers, Capstans, etc.—Messrs. Cowans, 
Sheldon and Company, Limited, St. Nicholas Works, 
Carlisle, have published a catalogue which illustrates 
some of the many cranes and similar plant they have 
constructed, and gives some idea of their resources for 
the manufacture of this class of heavy engineering pro- 
ducts. The cranes illustrated range from large floating 
cranes and overhead electric cranes to hand-operated jib 
cranes, and mention is made of various dock and railway 
equipments. 

“ Speaking Signals.”—Details of a communication 
system, which has been developed and manufactured for 
Speaking Signals, Limited, by E.M.I. Factories, Limited. 
Hayes, Middlesex, are given in a recently issued leaflet, 
The system is based on the slow-motion cinematograph 
film as applied to sound and can be utilised to record up 
to 100 separate messages on one unit. These messages 
can be transmitted in any order and repeated indefinitely, 
while modulation can be varied to produce a whisper or 
a broadcast. 


NOTES ON NEW BOOKS. 


Foundations and Footings. By H. P. Smrrs, B.Sc. 
(Eng.), M.I.Struct.E. Second edition. Crosby 
Lockwood and Son, Limited, 39, Thurloe-street, 
London, 8.W.7. [Price 5s. net.] 

Tuts book consists of a résumé of traditional methods 

of constructing the foundations of buildings on sites 

where the bearing capacity of the soil is known and 
reliable, Chapter III (on riveted bases and grillages 
and Chapter IV (on slab or bloom bases), which together 
comprise one-third of the text, are devoted to the 
design of the bases of steel columns by methods suffi- 
ciently well treated in standard text-books on the design 
of structural steelwork. In a book on foundations 
these chapters might perhaps have been shorter, 
sar + ogy as the design of foundations for light 

uildings, in which wind moments are in com- 
parison with vertical loads, is omitted. Neither is refer- 
ence made to the treatment of this problem elsewhere, 
though it was discussed, for instance, in T'he Structural 

Engineer for tember, 1945. A short but useful 

section is devoted to continuous foundations, but there 

is no suggestion that the large moments found in the 
examples given could be substantially reduced by 
tapering the width of the foundation slab. An approxi- 
mate method is given for designing a symmetricall 

loaded foundation raft. The book is concluded wit 

short sections on foundation construction, foundations 
for roads and piled foundations. A defect of this book 
is that, although it treats in full only the most elemen- 
tary parts of the subject, it gives neither references to 

sources of fuller information nor advice as to how a 

further study of the subject should be pursued. 


~~ 





Modern Workshop Technology. Part I—Materials and 
Processes. Edited by Proressor H. Wricut Baker, 
D.Sc., M.I.Mech.E. Cleaver-Hume Press, Limited, 
42a, South Audley-street, London, W.1. [Price 
28s. net.] 


Many text-books have dealt with the subject of 
workshop technology, but the one under review appears 
to be more of the encyclopedic type than most of 
them. The 17 chapters are written by 13 specialist 
contributors, who have covered their subjects 
thoroughly, with a comn:endable absence of padding. 
The illustrations are generally well chosen, though 
some of the half-tones are nct so clear as might be 
desired; this applies particularly to some of the 
metallurgical sections. At the end of each chapter 
references are given to books for further ing and 
also a few titles of periodicals, though the lists are far 
from being exhaustive. The subjects ccvered in the 
book include all the principal engineering materials, 
their production, structure, working and use; and 
chapters are devoted also to welding, powder metal. 
lurgy, engineering plastics, and mechanical testing and 
inspection. An appendix contains a selection of 
examination questions, most of them from the examina- 
tions of the Institutions of Civil Engineers, Mechanical 
Engineers and Production Engineers, and the City and 
Guilds Institute. The index is distinctly above the 
average in completeness for a book of this class. 





Civil Engineering for the Clerk of Works. By Vernon 
C. Wurttre and K. Mrs. Longmans, Green and 
Company, Limited, 6 and 7, Clifford-street, London, 
W.1. [Price 12s. 6d. net.] 

Tue authors of this small volume are ising civil 

ineers, who have evidently found diffi y in 
obtaining com t ion of building construc- 
tion on the scale which does not warrant the employ- 
ment of a i engineer on the work. Intended 
for contractors’ foremen, engineers’ clerks of works, 
and foremen on the many municipal contracts now 
carried out by direct labour, the book touches on the 
primary elements of mensuration and surveying, and 
includes useful chapters on concreting and the keepi 
of records. No doubt, the authors are well coquniatel 
with the type of man for whom they are writing—the 
building trades operative who has mastered his own 
craft and aspires to a post of minor responsibility— 
but the average engineering reader may feel that they 
may have underestimated the ca, of the potential 
foreman; ctherwise they w not have given such 

a detailed account of the arithmetical process of 


extracting the root of a number, or devoted two 
pages to an tion of why the theoretical lift of a 
suction p is limited to 34 ft. of water. Since so 


much of the knowledge required by a clerk of works, 
reg hn os Saech die oly to materials and ~ 
use of mechani it, can 0} ined by practi 
experience, which his “ites took book should be 
designed to supplement, it might have been 

that the book would include some reference to the 
use of the slide rule, the bare elements of trigonometry 
and its applications, and, certainly, the definition of 
horse-power. Within its limitations, however, the book 





maintains a high standard of simplicity and clarity, 





and should be found useful by the class of readers to 
whom it is addressed. 


Valiant Voyaging : A Short History of the British India 
Steam Navigation Company in the Second World War, 
By Hiary St. Gzorce Saunpers. Faber and 
Faber, Limited, 24, Russell-square, London, W.C.1, 
[Price 8s. 6d. net.) 

Ar the outbreak of war on September 3, 1939, the 

British India Steam Navigation Company possessed 

103 seagoing ships ; by the end of the war with Japan, 

51 had been lost. e first to go was a deliberate 

sinking, the Gambhira, scuttled as a blockship at 

Scapa on November 5, 1939. Four ships were lost by 

what are listed in the book as “ marine casualty "— 

though the Baroda, at least, might be reasonably 
regarded as a war loss, as she was set on fire by the 

a of a cargo of ammunition in another ship. 

the remaining 46, five were mined, six sunk by 
surface vessels, 15 were bombed and 20 were oed. 

The last to be sunk was the Sir Harvey Adamson, 

mined on April 18, 1947; it is a curious thing that 

14 of the ships lost by enemy action came to their 

end in April. The end-papers are world maps showing 

the positions of the company’s ships at the outbreak 

of war, and where they were when lost. To make a 

connected story out of so many necessarily disjointed 

incidents cannot have been easy, especially as many 
of the ships were far from their normal services and 
routes ; but Mr. Saunders has compiled a record which 
reads smoothly throughout and, with its appendices— 
which include detailed casualty lists cf men as well as 
ships, and a long list of well-earned civil and military 
awards—is a notable contribution to the history of the 
British mercantile marine. 





“This Desirable Residence”: Specification by A. Lu. 
Matruison. Arthur Llewelyn Matthison, Adderley 
Works, Bordesley Green-road, Birmingham, 9. 
[Price 12s. 6d.] 

Tuts is a difficult book to “place” and not an 

easy one to recommend without qualification, for its 

appeal to the individual reader must depend even more 
than usual on the equipment and the mood that the 
reader himself brings to bear upon it. The author 
has written a number of other books, some of them 
technical—he is chairman of a well-known firm of 
manufacturers of enamels, varnishes and other coatings, 
especially for metal work—but this volume is of quite 

a different type. The framework of the book is a 

tour, room by room, round a house which may be 

purely imaginary, though occasionally it takes on a 

strong semblance of reality; and on each room the 

author proceeds to muse more or less as the ideas 
come from the reserves of a long life and an excep- 
tionally well-stocked mind. The method is unusual, 
though conceivably it may have been inspired by 
Alphonse Karr’s Voyage autour de mon Jardin, of a 
century ago. It demands, to be effective, a wide range 
of reading and a taste for philosophising, which the 
author has to an extent that not every potential reader 
is likely to have acquired, even in an equally long 
lifetime of literary browsing; and without it he may 
miss much, though there is something here for every 
taste if he will but patiently distil it out—even for 
the connoisseur of ornate vituperation. To describe 
and present such a book adequately in a few lines, 
however, is a problem, perhaps most easily to be solved 
by falling back on that classic review attributed to 

Abraham Lincoln : ‘ Those who like this sort of thing 

will find in this book the sort of thing they like.” 





Steel. The Conservative Political Centre, 6, Victoria- 
street, London, 8.W.1. [Price 4d.] 

Tus 16-page pamphlet, while issued as a political tract, 

contains so concise an outline of the British steel 

industry that it is likely to be of interest to any engineer 


who is concerned at all with, or about, the production 
and use of steel. Statistics are used ingly, but 
those quoted are the kind of figures whic to the 


ent of anyone who desires a background of fact 
aye th opinions. The front cover bears a map 
of Great Britain (which might have been » With 
advantage, to full- size) showing the location of the 
main ore beds, blast furnaces and steelworks. 





TRAIN-WATERING TROLLEY.—An experimental im- 
proved train-watering trolley has been put into service 
at Victoria Station on the Southern Region. It consists 
of a battery-driven Electricar platform truck which 
carries a 275-gallon tank, a centrifugal pump driven by a 
1-h.p. motor from the battery and capable of delivering 
water at a rate of 40 gallons per minute, and a 1}-in. 
diameter flexible delivery hose terminatirg in a trigger- 
controlled nozzle. The trolley will facilitate the replen- 
ishment of water tanks in carriages, and will be particu- 
larly useful for trains which stop at stations for short 


periods only. 
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APRIL 15, 1949. 


THE PHYSICAL SOCIETY’S 
EXHIBITION. 


(Concluded from page 316.) 


On Friday, April 8, when the 33rd annual exhi- 
bition of the Physical Society closed, a film was 
shown to demonstrate a recent development in 
cinema television equipment, known as the tele- 
idoscope or liquid eidophor. This apparatus, which 
was devised by the late Professor F. Fischer at 
Ziirich, employs a method of picture reproduction 





which depends on the effects of electro-capillarity. 
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leakage of the charges on the eidophor in such a 
way that the raster remains sensibly unchanged 
for the duration of each frame and is then elec- 
trically ‘‘ wiped out” by the conductivity of the 
eidophor. 

The main purpose of the multiplex stereo-mapping 
equipment, exhibited by Messrs. Barr and Stroud, 
Limited, Anniesland, Glasgow, W.3, is to provide 
an accurate means of drawing contour maps from 
the stereoscopic examination of pairs of aerial 
photographs. It can, however, also be used for 
planimetric mapping. One of its principal features 
is that it enables several photographic pairs to be 
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table on the horizontal bar d in Figs. 9 and 10, 
and by using a number of them several overlaps 
can be dealt with. 

To obtain a “‘ model”’ the images of two trans- 
parent positives f, reduced from the negatives of the 
aerial photographs in a reduction printer, are pro- 
jected through filters g of complementary colours 
(blue and red, respectively) on to the white hori- 
zontal surface of a small tracing table b, which is 
placed on the mapping table. This tracing table is 
shown separately in Fig. 12. The positions of the 
transparencies in the projectors can be adjusted, and 
control points on the photographs can be used to 
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Fie. 11. 
MENT; Messrs. Bark AND Stroup, LIMITED. 


Essentially, a modulated cathode-ray beam is used 
to scan a raster upon a uniform liquid layer, the 
so-called eidophor, this layer being spread upon a 
revolving glass disc. Each point of the raster 
takes the form of a ‘‘lenslet,’”’ the curvature of 
which depends upon the instantaneous change 
impressed by the scanning beam upon the corre- 
sponding area of the eidophor liquid. The raster is 
resolved into a visible image by a Tépler Schlieren 
system. The advantage of this equipment over the 
conventional cathode-ray tube depends upon the 
fact that it embodies a true light valve, the output 
of which is independent of the cathode-ray scanning 
beam. Much greater flexibility is thus obtained. 
Further, the degree of picture storage achieved can 
be varied by appropriately adjusting the rate of 


OptTicaL PROJECTOR OF Maprrne EquIP- 


Fig. 12. Tractrne TasBiLe oF Maprine Eguir- 
MENT; Messrs. BARR AND StROvuD, LIMITED. 


brought into control by a continuous operation. It 
also enables mapping to be effected on two or three 
overlaps simultaneously. The apparatus, the ar- 
rangement of which is shown in Figs. 9 and 10, 
consists essentially of a mapping table, a, with a 
true plane surface for the map sheet, a movable 
tracing table 6, and a framework c, comprising. two 
vertical supports and a horizontal bar d, for the 
suspension of two or more projectors e. It repro- 
duces a stereoscopic image (or space model) in 
space by optical projection, this image corre- 
sponding, on a desired scale, to the terrain covered 
by two overlapping aerial photographs. The pro- 
jectors, one of which is illustrated in Fig. 11, may 
be regarded as small-scale replicas of the aerial 
camera. They are mounted above the mapping 











MuLTIPLeExX STEREO-Maprinc EqurpMEentT; Messrs. Bark snp Stroup, LIMITED. 














Fic. 13. Square-D1aL AMMETER ; MESSRS. 


FERRAnNtTI, LIMITED. 


adjust the projectors themselves with respect to 
three co-ordinate axes. When the projectors have 
been mutually adjusted in this way, their relative 
positions are the same as those of the two camera 
stations when the photographs were taken, although, 
of course, on a smaller scale ; and the transparencies 
will also be in the relative positions of the aerial 
negatives. The rays from the two projectors will 
then intersect to form images in the same relative 
positions as they occupied on the terrain. The 
images are illuminated by a 100-watt 24-volt lamp 
and when viewed through the spectacles h, the lenses 
of which are of the same colours (blue and red) as 
those of the respective filters in the projectors, a 
stereoscopic model of the terrain is seen. All the 
topographical features on this model appear in 
relief. A heat-resisting glass is used to prevent the 
heat radiated from the lamp from affecting the 
transparencies and projector lenses. 

The intersections of the rays will not all be in 
the same horizontal plane, except in the case of 
points which are at the same elevation above the 
datum level. A series of horizontal planes, passing 
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through the model and spaced at infinitely small 
vertical intervals, however, will contain all the 
intersections of corresponding rays of a correctly 
oriented model. The map datum is parallel to the 
mapping table and the model as a whole may be 
tilted by the head i with respect to this datum 
without disturbing the relative positions of the 
projectors. This tilting is termed “‘ horizontalisa- 
tion” and in a properly horizontalised model the 
horizontal planes, which cut the model at vertical 
spacings equal to the contour interval, describe 
contours at the places where intersections occur. 
The mapping table has a horizontal surface, which 
is truly plane to a high degree of accuracy since it 
provides the datum on which the map is drawn. 
The tracing table can be moved over this surface 
in any direction. 

To produce a map from the stereoscopic model 
use is made of a “ floating mark” k in the form of 
an illuminated pin-hole in the centre of the tracing 
table. This mark, which is produced by a three- 
watt 24-volt lamp, is visible to both eyes through 
the filter spectacles and can be raised or lowered in 
space by altering the height of the platen of the 
table 7. It can thus be brought to the same apparent 
level in space as any chosen point or feature in the 
model. It can also be moved horizontally, so as to 
make contact with any part of the model. The 
heights of the floating mark above datum level are 
indicated on a vernier scale m, so that fine adjust- 
ment can be made. These heights are, of course, 
relative, but an absolute scale of heights can be 
obtained by taking scale measurements of a few 
ground control points in the usual way. A mapping 
pencil n is attached to the tracing table directly 
below the floating mark and records the ortho- 
graphic projection of the latter on the map. This 
pencil is carried in a detachable holder which ensures 
that for any diameter of lead its centre remains 
in vertical alignment with the floating mark. Any 
point in contact with the floating mark can thus be 
recorded in its true map position. 

To draw a contour, the floating mark is set to a 
definite height above datum level and is brought 
into contact with a point on the surface of the 
model, which appears at the same stereoscopic 
level. It is then moved over a succession of points 
on the model at this level. The pencil follows the 
movement of the mark and plots the orthographic 
projection of its path continuously on the mapping 
sheet. For planimetric mapping the mark is main- 
tained in contact with the features which are being 
compiled and the pencil thus traces the orthographic 
projection of the mark. The height scale m is fixed 
in the supporting column of the table and is highly 
magnified by an optical system and projected on 
to an illuminated screen attached to the platen. 
It can thus be read from a distance without moving 
the table and so losing the setting. The accuracy 
of the scale reading is also independent of the 
mechanical accuracy in the movement of the screw 
operating the platen. A vernier is provided for 
reading the scale, while quick coarse setting, or 
fine adjustment, for setting the heights, is effected 
by a two-speed operating head. 

Two models of the equipment are made for wide- 
angle and normal-angle operation, the focal lengths 
of the aerial camera lens being 6 in. and 12 in., respec- 
tively. In both cases the camera negative is 9 in. 
square, while the dia-positive is 54 mm. square, the 
optimum projection distance is 360 mm. and the 
range of depth of focus +90 mm. The size of the 
transparency image is 1-664 in. square in the wide- 
angle equipment and 1-771 in. square in the normal- 
angle equipment, the angular field of camera and 
projector being 93 deg. and 56 deg. in the two 
cases. The mapping table is 7 ft. by 3 ft. by 2 ft. 8in. 
high, and the mapping scale is about 2} times the 
scale of the photograph. 

Messrs. Ferranti, Limited, Hollinwood, Lanca- 
shire, were showing a new range of 6-in. square 
dial ammeters and voltmeters, a typical example 
of which is illustrated in Fig. 13, on page 337. Both 
moving-coil and moving-iron instruments can be 
supplied in this form, which occupies slightly less 
space than the corresponding standard circular 
patterns. The front cover of the new design is a 
polished black moulding, in which particular atten- 
tion has been paid to clear presentation. Pressed 
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steel, which combines strength with lightness, has 
been used for the instrument case, which is cylin- 
drical. In other respects, the characteristics of these 
instruments are the same as those of standard in- 
struments. They have back connections and are 
available in the usual ranges up to 300 amperes and 
6,000 volts. The moving-coil meters are, of course, 
suitable for use with direct-current only, while the 
moving-iron instruments are spring controlled and 
although primarily intended for use on alternating- 
current circuits, can be employed on direct-current 
with reduced accuracy. 

Another instrument exhibited on this stand was 
the magnetic amplifier which has been developed in 
collaboration with the Ministry of Supply. This is 
a very sensitive direct-current valve amplifier in 
which the input modulates a 1,500-cycle per second 
carrier wave by means of a magnetic modulator. 
The zero error depends principally on the symmetry 
of the magnetisation characteristic of the trans- 
ductors and the noise in the modulating stage. 
These are below the input level of 10 to 17 watts. 
The amplifier occupies a space of about 3 cub. ft. 
and is supplied from the 250-volt 50-cycle mains. 
The principal components are a 1,500 cycle per 
second oscillator (the wave form of which has a 
very low even harmonic content), a magnetic 
modulator, an alternating-current valve amplifier 
with phase detector and a direct-current power 
unit. Three magnetic modulators are supplied 
with the amplifier to give a choice of three input 
impedances. The amplifier is designed to give an 
output of 10 volts across a 10-megohm resistance 
for an input of 10 to 16 watts and its gain can be 
adjus by means of a feed-back control. Its 
line constant is about 1/50 second, but can be 
improved by increasing the feed back at the expense 
of the gain. 

The unit is specially intended for detecting very 
low direct-current inputs of reasonable output 
impedance and low-frequency alternating currents 
with a high degree of stability. It can be used in 
connection with thermo junctions, barrier layer 
photo-cells and in biological research. 

The quick-response recorder, exhibited by Messrs. 
Evershed and Vignoles, Limited, Acton Lane Works, 
Chiswick, London, W.4, has been designed to record 
two independent quantities varying at frequencies 
from 0 to 10 cycles and with a peak amplitude of 
12 volts, equivalent to + }in. on the chart. With 
lesser amplitudes the response frequency may be 
even higher. The recorder is servo-operated, using 
a feed-back voltage from a finely-wound potentio- 
meter and a coil-driving amplifier for the measure- 
ment of the input voltage, instead of the usual con- 
trol spring. As will be seen from Fig. 14, opposite, 
the apparatus is contained in a hardwood case with a 
Perspex window and a letter-box slot is provided for 
the chart to pass through. This chart is of the 
continuous-roll type with two printed scales, each 
2¢ in. wide, the overall paper width being 6} in. 
The time lines on the chart are straight, so that 
the records produced by the two movements can be 
compared easily. The drive for the chart is pro- 
vided either by a 230-volt synchronous motor or by 
a 20-volt centrifugally governed direct-current 
motor, which maintains the speed to within } per 
cent. The motor drive is transmitted to the chart 
through a four-speed lever-operated gearbox, which 
gives speeds of 3, 1, 3 and 6 in. per second. The 
motor driving the chart is started by a switch on 
the case, which also closes the amplifier circuit. 

The two electrical movements are of the moving- 
coil type and are arranged to match the output of 
the driving amplifier, which operates on a 230-volt 
50-cycle supply and consumes about 60 watts. 
The sensitivity is such that a + 12-volt input into 
the amplifier, which has an input impedance of 
0-5 megohm with one pole at earth potential, 
gives a full-scale deflection of about 14 in. on either 
side of the centre. Owing to the feed-back system 
of control a strong restoring torque is immediately 
available to correct any error in deflection due to 
inertia, pen-to-paper friction, or other causes. Light- 
weight pens containing liquid ink are normally 
used, but provision is made so that, without modi- 
fication, “‘ Teledeltos ’’ inkless recording paper can 
be employed. In addition, a synchronising pen, 





actuated by an external switch, is usually fitted. 
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The periscopic sextant, shown by Messrs. Henry 
Hughes and Son, Limited, New North-road, Bark. 
ingside, Ilford, Essex, illustrated in Fig. 15, on the 
opposite page, has been designed to meet the condi- 
tions present in pressurised aircraft. It consists 
of two units: the mounting and the sextant 
proper. The mounting is built into the aircraft and 
is fitted flush with the skin. It thus replaces the 
astro-dome, which has always presented a problem 
when cabin atmosphere control is used. It is pro- 
vided with a sleeve to take the sextant and also 
with a sealing piece at the top. Interlocking safety 
catches are arranged so that the sealing piece cannot 
be opened until after the sextant has been inserted ; 
neither can the sextant be withdrawn unless the 
sealing piece is closed. Apart from the necessary 
safety catches, a single operating lever is used. The 
sleeve into which the sextant fits is insulated with 
rubber against vibration and sufficient tilt is pro- 
vided from the vertical in all directions. 

The sextant is normally stowed in a transit case 
when not in use. The instrument is hermetically 
sealed and is filled with dry air to prevent misting 
upon exposure to the colder outside temperature. 
Magnification is four diameters with a 7-deg. field 
of view. The sextant has a prism as the rotating 
optical member and this is moved in steps of 10 deg. 
by a pin-hole and plate system. Fine adjustment 
over about 15 deg. is accomplished by an electric 
motor, which can be run at two speeds in either 
direction. The sextant has a totally-enclosed arti- 
ficial horizon of the orthodox bubble type with 
alternative types of lighting for observation of 
stars. All the electric bulbs are screwed in from 
outside and can be replaced easily without disturb - 
ing the sealing of the instrument. An integrating 
mechanism, driven by a constant-speed electric 
motor, gives the average altitude of an object for 
any length of shot up to two minutes. At the end 
of the ‘“‘run ” the integrator is re-set to its marks 
before reading. As regards operation, once the 
sextant has been mounted in the observing position 
and the electricity supply has been connected, it is 
only necessary to select the shades by a special 
toggle, the other controls being effected by a single 
lever. The course and azimuth rings are placed 
on the outside of the periscope tube, so that if 
means of calculating a body’s azimuth is available 
the instrument can be employed to check the course 
of the aircraft. 

The exhibit which attracted most attention on 
the stand of Mullard Electronic Products, Limited, 
Century House, Shaftesbury-avenue, London, W.C.2, 
was the ultrasonic generator, which is illustrated in 
Fig. 16, on page 348. This equipment has been 
designed to meet the need for an experimental 
unit of wide flexibility and is mainly intended for 
laboratory use. Its principal applications are to 
agitate particles suspended in a liquid and thus 
to assist in the cleansing of fabric, to bring about 
chemical changes and thus, for instance, to reduce 
the maturing period during fermentation, and to 
destroy bacteria, thus preventing milk from be- 
coming sour or assisting growth by stimulating the 
development of harmless and destroying the harm- 
ful bacteria. The radio-frequency output of the 
apparatus is generated directly by a silica triode 
valve, which is capable of producing 1 kW. This 
valve is matched to the crystal impedance by tap- 
ping the anode down the coil in the output circuit. 
Fine tuning of the output circuit and adjustment 
of the grid coupling is effected by variometers. 
Operation at nominal frequencies of }, 4, 1 and 2 
megacycles per second is rendered possible by the 
use of four coil assemblies, which are readily inter- 
changeable. The generator, with its control panel 
and meters, is mounted on the upper part of a 
tubular frame, while below is the power-supply 
unit, which comprises two grid-controlled mercury- 
vapour rectifiers, the filament transformer and the 
high-tension transformer. The quartz crystal is 
contained in a meta] case and is connected to the 
generator by a co-axial cable. It is provided with 
silver electrodes, which are fired on both sides, 
and to which the driving voltages are applied. To 
give the maximum ultrasonic output in the forward 
direction, the generating crystal is air-backed. 
The temperature at which the apparatus can work 
is limited by the polythene used for insulating the 
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Fie. 14. Quick-REsponsE RECORDER ; MEssrs. 


EVERSHED AND VIGNOLES, LIMITED. 


cable and by the rubber sealing rings. If Silastic 
rubber is employed and the back of the holder is 
adequately cooled the crystal can be safely immersed 
in liquids at temperatures up to at least 150 deg. C. 
The tubular frame on which the generator is 
mounted, is provided with wheels to facilitate 
transport. Lifting the generator is facilitated by 
four pull-out handles and a removable panel with 
quick-release fasteners at the rear of the cover 
permits aceess to the fuses and valves. 

The low-frequency valve-maintained tuning fork, 
exhibited by Messrs. Muirhead and Company, 
Limited, Efmers End, Beckenham, Kent, has been 
developed to provide a 50-cycle frequency standard, 
which is independent of the fluctuations in the 
mains frequency that occurs during peak-load 
periods. It is also intended to satisfy a more 
specialised demand for a precision low-frequency 
standard of 100, 150 and 200, in addition to 50, 
cycles per second. The instrument is illustrated 
in Fig. 17, on page 348. The tuning fork is made 
of special steel with a low temperature coefficient 
of frequency. This has been still further reduced 
by a carefully controlled heat treatment and 
ageing process. This fork is accurately balanced 
and is supported by a resilient mounting to absorb 
anti-nodal vibrations. A heavy metal frame 
is therefore unnecessary. A conventional two- 
valve cathode-follower drive circuit is employed, 
but no negative voltage feed-back is used. The 
gain of the first valve is controlled by an automatic 
gain-control circuit with the normal diode arrange- 
ment to provide the control bias. Low-frequency 
forks have an inherent amplitude instability, 
owing to their mass being relatively large compared 
with the base mounting and the automatic gain- 
control circuit minimises this effect. In the instru- 
ment designed for general use, the output amplifier 
delivers a maximum of 14 watts into a 600-ohm 
load. An output attenuator, comprising a three- 
position key switch, is fitted, by means of which 
the output can be reduced by 10 or 20 decibels, 
while a bridged T-network gives continuous variation 
over a range of 10 decibels. The input level to the 
output amplifier is pre-set by a potentiometer at 
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instrument, while a parallel jack is provided on the 
front pane]. The output of the instrument, which 
has been specially designed for operating an electric 
clock, is 3 watts at 200 to 250 volts and is, brought 
out to a connector at the rear of the instrument. 
No output attenuator is fitted, control being effected 
by a pre-set potentiometer. In both types the 
frequency instability from all sources is less than 
+ 50 parts in one million, while the amplitude 
does not change by more than one decibel for a 
change in supply voltage of + 10 per cent. The 
fork, electronic unit and power pack are mounted 
on a 19-in. panel. The instrument is arranged to 
work from the alternating-current supply mains 
and has a consumption of about 70 watts. 

The electron microscope on the stand of Messrs. 
Philips Electrical, Limited, Century House, Shaftes- 
bury-avenue, London, W.C.1, which is illustrated 
in Fig. 18, on page 348, is of the magnetic type 
and is sufficiently powerful to resolve structures 
down to 25 strom units. Three normal lenses, 
condenser, objective and projector, are provided, 
but in order to make the instrument more compact 
and less liable to disturbances from external 
magnetic fields, two extra magnetic lenses are 
also fitted. By this means it is also possible to 
obtain continuously-variable magnification over 
the range of 1,000 to 50,000 diameters without 
changing the pole pieces. By adjusting a special 
diaphragm, a small area of any part of the specimen 
under observation can be selected and either a 
micrograph or an electron pattern of one or of a 
few of the particles thus selected can be obtained. 
An important feature is the oscillating-beam 
focusing device, which renders exact focusing 
possible immediately and avoids the tedious work 
of adjustment for best resolution by trial and error. 

A large fluorescent screen enables an image 
6 in. by 6 in. to be presented at all magnifications. 
In addition, by using a film camera with a standard 
non-perforated 35-mm. film, it is possible to take 
up to 40 exposures without reloading. Each micro- 
graph thus obtained covers the same field as that 
seen on the screen. Although the scale is reduced 
by about four times, no additional focusing is 
required when changing from screen to film. Another 
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volume of the object chamber, the specimen can be 
rapidly changed, the pressure in the microscope 
being reduced to the required operating vacuum 
in about 15 seconds after the insertion of the new 
specimens. Full provision is made for obtaining 
stereo-micrographs by rotating the specimen holders 
between two successive exposures. Simplicity of 
specimen mounting is assumed by the introduction 
of a special specimen carrier, consisting of a smal] 
silver plate, suitably slotted, on which the specimen 
is mounted. This, in turn, is fitted into the specimen 
holders. 
The gas-leak detector shown by the British 
Thomson-Houston Company, Limited, Rugby, has 
been designed to detect the presence of vapours 
of compounds of chlorine, bromine, iodine and 
fluorine. By locating small leaks in pressure or 
vacuum, systems, it can be used to test refrigerators 
and air-conditioning equipment, in which halogen- 
bearing compounds are present. It can also 
be employed for the pressure testing of tanks, 
pipes, joints and welds by using small amounts of 
carbon tetrachloride, chloroform or Freon as a 
tracer gas. The instrument, which is shown in 
Fig. 19, on page 348, is based on the discovery 
that the steady emission of positive ions from 
a heated surface is greatly enhanced when organic 
vapours of molecules containing halogen atoms 
are present. It consists of a detector, control 
unit and the necessary connecting leads. The 
detector unit comprises a probe which can be 
carried conveniently in the hand and a metal nozzle 
with a plastic tip. This probe contains a heated- 
platinum anode, the positive ions from which are 
collected on the adjacent cathode, and a blower 
which draws air into the detector unit. A small 
loudspeaker, which is built into the detector, emits 
a succession of clicks, the change in the rapidity of 
which indicates the presence of halogen:compound 
in the head. The control unit, which is connected 
to the detector unit by a cable, contains an amplifier 
and voltage-stabilising transformer. It is connected 
to a 190-volt to 260-volt alternating-current power 
circuit, and, in turn, supplies direct-current to the 
detector anode, amplifier and blower motor, the 
total power requirements being about 150 watts. 
To detect leaks the vesse] under test is charged 
to an excess pressure with gas containing, or con- 
sisting of, a halogen-bearing compound, such as 
carbon tetrachloride, chloroform or Freon. For 
maximum sensitivity, both the total pressure and 
the partial pressure of the tracer gas should be as 
high as possible. With pure Freon, for instance, 
at 15 Ib. per square inch excess pressure, a rate of 
flow as low as 0-75 cub. mm. per second through 
the leak can be detected. This doubles the frequency 
of the audible signal when this is set initially 
to about one click per second. Under these con- 
ditions, the response time is about 5 seconds, 
but by reducing it the sensitivity can be raised. 
Convenience is increased, but sensitivity reduced, 
by sealing the vessel under test with a normal 
content of room air and injecting Freon at the rate 
of 1 oz. per 20 cub. ft. of vessel content. This will 
raise the total pressure to 16} Ib. per square inch, 
and after mutual diffusion has been completed, the 
proportion of Freon will be about 10 per cent. 
Under these conditions the detector will locate 
leaks of 75 cub. mm. per second. 
The Plessey Company, Limited, Ilford, Essex, 
exhibited an electronic precision revolution counter 
which has been designed to the specification of the 
Royal Aircraft Establishment. Its object is to 
enable the speed of aircraft engines to be measured 
on the test bed with an error not exceeding 0-1 per 
cent. of full-scale reading. It also enables other 
engine-speed indicators to be calibrated to the same 
accuracy. It has three operating ranges from 200 to 
5,000 r.p.m., from 400 to 10,000 r.p.m. and from 800 
to 20,000 r.p.m. The error not exceeding one r.p.m. 
in the case of the first range and 10 r.p.m. in the case 
of the other two ranges. The method employed to 
determine the engine speed is to count the number of 
revolutions occurring in a standard time interval of 
one second. This interval is derived from a valve- 
maintained tuning fork, which is accurately adjusted 
and the frequency-temperature coefficient of which 
is low so that accuracy can be maintained over an 








the rear of the instrument. The output is also 
brought out to a two-pin plug at the rear of the 


feature is that, as a result of the extremely small 


ambient temperature range of 0 deg. to 35 deg. C. 
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The fork operates at a frequency of 1,000 cycles per 
second and a signal from it is fed into a chain of 
frequency dividers with a division ratio of 1,000 to 1, 
thus enabling pulses to be produced once per 
second. These one-second pulses are fed to a self- 
locking electronic relay stage, which is operated by 
the first pulse to arrive after the “start” button 
has been pressed. After this relay has closed for 
one second it opens automatically and the total 
number of pulses in the applied signal that have 
passed during that period are registered on a 
counter. 

The applied signal, the frequency of which is 
proportional to the engine speed, is obtained from 
an electrical speed indicator of the conventional 
type. This generator is driven directly from the 
engine in the case of the lowest speed range and 
through reduction gearing in the case of the other 
two ranges, so that the frequency is always between 
3} and 834 cycles per second. To translate the 
frequency as recorded by the counter into engine 
speed, a synchronous motor is used, which is driven 
through a valve amplifier supplied with three-phase 
current from the engine speed generator. This 
motor drives three discs of magnetic material, in 
which 60, 12 and 24 teeth, respectively, are cut. 
Signals with frequencies of 5,000, 1,000 and 2,000 
cycles per second are produced in pick-up coils for 
maximum engine speeds of 5,000, 10,000 and 20,000 
r.p.m., the appropriate disc being selected by a 
switch which also causes the indicator on the 
counter to show the appropriate multiplying factor. 
The signal from the pick-up coil selected is amplified 
and shaped ; the pulses thus formed being passed 
through the gate circuit for exactly one second to 
the counter, from which the speed is read directly. 
Arrangements are provided so that the fork, stan- 
dard second, divider, counter and gating circuits 
can be tested. Power supplies are obtained from 
a self-contained pack which is operated at 200 to 
250 volts and 50 cycles per second. 

Among the apparatus displayed by Standard Tele- 
phones and Cables, Limited, Connaught House, 
Aldwych, London, W.C.2, the most interest was 
probably taken in the Transistor, a crystal triode, 
of which a description appeared on page 630 of our 
166th volume (1948). It will be recalled that this is 
a three-electrode device in which a semi-conductor 
principle recently discovered in the Bell Telephone 
Laboratories of America is used. It consists of a 
block of germanium with two rectifier point contacts 
placed close together on the surface, so that there 
is a transfer resistance between the two. Its salient 
features are an imput impedance of 200 to 400 ohms 
and an output impedance of 20,000 ohms. The 
input bias is + 4 to $ volt and the power gain 15 
to 20 decibels with an output at 80 to 100 volts. 

Another exhibit on the same stand was a low- 
frequency analyser, which has been designed to 
meet the need for analysing aircraft-engine vibra- 
tions and at the same time to show the engine speed. 
The range of frequencies which has to be examined 
for this purpose is considerably below the range of 
wave analysers, which give automatic and continu- 
ous visual presentation and enable photographic 
records to be made. The apparatus, which has been 
developed to the requirements of the Royal Aircraft 
Establishment, is arranged to scan continuously the 
frequency range from 6 to 400 cycles per second. 
Six modulator circuits are arranged to cover the 
octave bands 6 to 12-5, 12-5 to 25, 25 to 50, 50 to 
100, 100 to 200 and 200 to 400 cycles per second. 
The scan for these six channel bands takes »th 
second. In order to provide a continuous scan the 
modulation frequency for each band is varied over 
the octave once in five seconds. This results in the 
analysis being spread from a plain line presentation 
to a continuous area, the boundary of which gives 
the amplitude distribution of the complex wave. 
In order to provide a high degree of resolution the 
fifth and six bands are displayed downwards below 
the first and second instead of in one straight line. 
Below the third band is an element which displays 
the aircraft engine speed and its variations with time. 
In the final presentation, the luminous area is broken 
up into a series of bands corresponding with a 
limited number of the frequencies present. The 
width of these bands is a measure of the variation 
of the frequencies with time. : 


Among the numerous instruments on the stand 
of Salford Electrical Instruments, Limited, Silk- 
street, Salford, 3, mention may be made of the 
timing equipment which has been designed to give 
a quick and accurate method of testing watches 
and clocks. The average watch ticks five times a 
second when keeping correct time and by com- 
paring this frequency with a standard frequency its 
time-keeping properties can be checked rapidly. 
For this purpose, the watch is placed on a test table 
and this causes a bright spot to appear on the 
screen of a cathode-ray rube. This spot moves in 
a clockwise or anti-clockwise direction, depending 
on whether the watch is gaining or losing, the 
distance through which it moves round the circum- 
ference of a circle in a fixed time, say, 30 seconds, 
showing the rate at which it is varying. The timing 
circuit which is used as the standard has an 
accuracy which is better than 2 seconds in 24 hours. 
The inclusion of a small loudspeaker in the appa- 
ratus makes it possible to listen to the tick and so 
to detect the presence of mechanical faults. The 
alternating voltage which provides the standard 
has a frequency of 20 cycles per second and is 
supplied by a crystal-controlled oscillator and a 
series of frequency dividers. This voltage causes 
the spot to rotate 20 times a second on the screen 
of the cathode-ray tube and gives the impression 
of a continuous circle. The brilliance of this circle 
is adjusted so that it is just invisible when the watch 
is not being tested. When the watch is placed on 
the test table the tick is picked up and amplified 
and the signal is used to increase the brilliance of 
the spot, so that it can be seen at one point in its 
path. If one-twentieth of a second is a factor of 
the time interval between two ticks, the bright spot 
will remain stationary. 

The exposure photometer shown on the same 
stand has been designed to meet the need for an 
instrument the readings of which are based on 
accurate measurements of the limiting brightness 
values in the subject. It has an equivalent accept- 
ance angle of less than 0-5 deg. and permits the 
measurement of very small areas of brightness in 
the subject from the camera position. It can also 
be used for measuring exposures in projection 
printing, while the addition of a supplementary 
lens attachment converts it to a transmission and 
reflection densitometer. The surface to be measured 
is viewed through a telescope and is seen full size, 
but inverted. Superimposed at the centre of the 
image is a small ‘‘spot,” which is illuminated by 
pressing a switch in the base. By rotating the base, 
the brightness of the “spot” is varied until it 
matches the subject. If a match is impossible 
with the range-shift in its central position, the latter 
is moved to the right or left to bring the meter to 
the appropriate range. The colour-matching disc 
is set to suit either daylight or artificial light, as 
required. The working range of the photometer 
is 0-01 to 10,000 foot-lamberts and its operation is 
independent of variations in the human eye. All 
the scales are evenly divided and the exposure is 
indicated directly for the required lens aperture 
and film speed number without reference to subsi- 
diary scales and tables. A foot-lambert scale is also 
provided for general brightness measurements. 
Self-calibration is effected by a photo-electric cell 
and microammeter, which allow the comparison 
surface to be set to a definite brightness level 
irrespective of the state of the dry cell or lamp. 
Exposure is normally estimated by the shadow 
method and an index on a knurled ring is then set 
to the film-speed number. 





ALTERNATING-CURRENT SERVO-MoToR.—A new type 
of alternating-current servo-motor has been developed 
by the Kollsman Instrument Division of Square D 
Company, 80, 45th-avenue, Elmhurst, New York, U.S.A. 
The motor is of the two-phase four-pole induction type 
and is designed to operate at 115 volts and 400 cycles 
per second. It is capable of being fully reversed in 
4 second from a speed of 11,200 r.p.m. and of stopping 
directly the excitation of the control winding is cut 
off. It is claimed to be specially suitable for use on 
the servo systems of military and aircraft computers, 
radar equipment, automatic pilots, searchlight directors 
and in laboratories. The motor is fully enclosed and is 
constructed so that it operates accurately at extreme 
temperatures. Its torque to inertia ratio is 26,300 





radians per second per second. 
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Sources of Engineering Information. By BLANCHE HI. 
DALTON. University of California Press, Berkeley, 
California, U.S.A. [Price 4 dols.]; and Cambridge 
University Press, Bentley House, 200, Euston-road, 
London, N.W.1. [Price 22s. 6d. net.] 

Ir is pointed out in the preface to this volume that 

* British source material in this (the engineering) 

field has been well described . . . by J. E. Holm- 

strom’s Records and Research in Engineering ani 

Industrial Science,” ; the second edition of this 

book was reviewed in our issue of January 9, 1948. 

This tribute to Dr. Holmstrom is deserved, but 

American readers, to whom presumably Mrs. 

Dalton’s volume is mainly addressed, may be led 

by it to suppose that his treatise is of generally the 

same character as her own. This is far from being 
the case. Dr. Holmstrom was concerned with 
obtaining and utilising information and described 
the nature and functions of the various bodies 
from which it emanates. In general, he did not 
give lists of publications, the major exception to 
this being in the case of technical dictionaries. 

Comparison of the treatment of this particular 

matter in the two volumes illustrates both the 

strength and weakness of Mrs. Dalton’s method. 

She gives a list of technical and polyglot dictionaries 

and glossaries containing 257 items ; Dr. Holmstrom 

does not approach this number, but his list is 
annotated, comments being made on the nature 
and arrangement of the contents of the various 
volumes. Treatment of this kind is not called for 
from the nature of Mrs. Dalton’s compilation, which 
consists of references to sources grouped under main 
headings, but in one sense the large amount of 
material she presents may be an embarrassment 
to a user who is given no information about the 
qualifications of the publications listed. The 
extent of the list is partly explained by the fact 
that it contains such entries as glossaries published 
by the British Standards Institution and various 
commercial firms, but, in addition to this, it covers 

French, German, Spanish, Swiss, Russian and other 

publications. If forms a remarkable and valuable 

compilation in this field. 

The main sections of the book cover abstract 
journals, lists of periodicals, bibliographies, reference 
books, and standards and specifications. The 
entry “lists of periodicals ’’ does not mean that an 
attempt is made to give the names of the thousands 
of technical journals which are published throughout 
the world. The entries under this heading refer to 
sources for such names, a well-known example 
being the World List of Scientific Periodicals. Tech- 
nical dictionaries are included under the heading 
**Reference Books,’ which also covers encyclo- 
pedias, handbooks, and mathematical and physical 
tables. This section also includes publications 
giving lists of members of technical institutions. 
For Great Britain, the Institution of Municipal and 
County Engineers (now the Institution of Municipal 
Engineers) is included, and also the Institution of 
Structural Engineers, but not the Institutions of 
Civil, Mechanical or Electrical Engineers. In spite 
of the extent of this compilation, and the remark- 
able amount of information which has been assem- 
bled, it is probable that the volume is not exhaustive ; 
possibly no such compendium ever could be, but 
this omission of the three major British engineering 
institutions is curious. The greater number of 
entries in the book naturally refer to American 
sources, but its scope is worldwide and it should be 
of service to workers in any country. 





A History of Cast Iron in Architecture. By JOHN GLOAG 
and DEREK BRIDGWATER, B.Arch., F.R.I.B.A. George 
Allen and Unwin, Limited, 40, Museum-street, London, 
W.C.1. [Price 63s. net.] 

Tuts book makes a valuable contribution to the 

history of cast iron as a material for the construction 

and decoration of buildings, with interesting side- 
lights on the development of the iron industry and 
the use of iron as a material for engineering pur- 
poses. It is well printed on good paper, and 
lavishly illustrated with over 500 photographs and 
reproductions of drawings in the text, and six 





coloured plates. A brief foreword by Sir Charle- 
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Reilly is followed by a historical introduction 
which covers the few known ancient objects of cast 
iron and the early work of the modern period up to 
1650. The main body of the work is divided 
chronologically into six sections. In the first of 
these periods, the Darbys of Coalbrookdale solved 
the problem of reducing iron from its ores by the 
use of coke made from pit coal, and so broke down 
the formidable barrier which the ever-decreasing 
supply in Britain of wood suitable for conversion 
into charcoal had raised against the expansion, or 
even the survival, of the iron trade. This develop- 
ment had an important influence on the production 
of cannon and in the development of steam power, 
as it made possible the use of cast iron instead of 
brass, which would have been formidably expensive 
for engine cylinders of large size. Speaking of steam 
engines, a statement on page 48 cannot be allowed 
to pass unchallenged: that ‘‘in 1705, Newcomen, 
a blacksmith who had been employed by Captain 
Savery to work on his invention of the fire-engine 
patented in 1698, produced many improvements of 
his master’s design.”” In Newcomen’s engine a 
piston, under which a partial vacuum had been 
created by condensing low-pressure steam in a 
cylinder, was forced down by atmospheric pressure. 
Steam cylinder and pump were entirely separate 
vessels, with piston and plunger rising and falling 
alternately through their suspension from opposite 
ends of a rocking beam. This was an entirely 
different principle from that of Savery’s steam pump, 
in which high-pressure steam acted directly on the 
surface of the body of water to be raised. The 
commercial exploitation of Newcomen’s unpatented 
invention by the company which held Savery’s 
patent was purely a business arrangement. 

In the second section, which covers the period 
from 1750 to 1820, the establishment is traced of 
ironworks using coke to smelt iron in many new 
centres in the North Midlands, South Wales, and 
the Forth-Clyde area. The remelting of pig-iron 
in cupolas, the main credit for which is given to 
William Wilkinson, led to the establishment of 
foundries in new manufacturing centres remote 
from iron mines and coalfields. The early iron 
bridges which made their appearance at this time 
are well illustrated, but no attempt is made in this 
book to analyse the principles on which the builders 
of these structures based their designs. A brief 
reference is made to the introduction of cast-iron 
beams and columns in mill buildings, and many 
excellent photographs are reproduced to show the 
architectural use at this time of cast iron for grates, 
stoves, gates, railings, balconies and ornamental 
columns. Section Three covers the period, between 
1820 and 1860, of vast expansion in the cast-iron 
industry. It is illustrated by many reproductions 
of drawings and photographs of railway works, par- 
ticularly bridges and station buildings, in which the 
material found important new uses, as it did also 
in such outstanding structures as the framework of 
the Crystal Palace, in market halls, churches and 
other public buildings. The greatly extended use 
of cast iron as a structural material, for the girders 
of bridges and the framework of buildings, com- 
pelled engineers to attend to the science of their 
craft and to elaborate for English readers a theory 
of structures and of the strength of materials hitherto 
available only in the works of Belidor, Rondelet, 
Gauthey, Prony and other French authorities, or 
in the neglected writings of Dr. Thomas Young ; 
but to this the authors make only scanty reference. 
Section Four covers the period between 1860 and 
1900, during which at first the tendency was to use 
cast iron for members in compression and wrought 
iron for tie-bars and braces, and later to replace 
both materials by structural steel. Section Five is 
devoted to developments in the Twentieth Century, 
characterised by the introduction of special mixes, 
laboratory control, new surface treatments and the 
mechanisation of foundry processes. Cast iron is 
no longer used in a large way for structural work. 

The book is an eminently readable, compre- 
hensive, descriptive and pictorial record of the 
growth, decline and future prospects of cast iron 
as a material for use in architecture. ENGINEERING 
readers, however, would have welcomed fuller 
reference to the principles and practices involved in 
the design and construction of the earlier works in 
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iron. ‘lelford, who began his career as a mason, 
and the elder John Rennie, whose early training was 
that of a millwright, practised architecture and 
engineering as a single profession. That the training 
of later generations of architects was at the drawing 
board, to the neglect of the bench and the site, may 
have been a main cause of the poverty of imagina- 
tion expressed in Nineteenth-Century architecture. 
Cast-iron was a material so adaptable that the 
architect could leave to the moulder and the 
engineer the fabrication of almost any form of 
structure he required. The engineer developed the 
science of construction with growing disregard for 
wsthetics; the architect tended unduly to con- 
centrate on style and ornament; but on the origin 
and progress of this divergence the authors are 
silent. They may be congratulated, however, on 
the production of a liberally conceived and hand- 
somely produced volume. 





Electric and Diesel-Electric Locomotives. By D. W. 
HINDE, B.Sc., A.M.I.E.E., A.M.I.Loco.E., and M. 
HINDE. Macmillan and Company, Limited, St. Mar- 
tin’s-street, London, W.C.2. [Price 36s. net.) 

THE steam locomotive goes back far enough into 

history and has been the subject of such an abundant 

literature as perhaps to justify the authors of this 
book in referring to electric and Diesel-electric 
locomotives as new types. Actually, the former had 
reached an advanced stage of development 30 years 
ago, while the latter has enjoyed a meteoric career 
in the United States of America during the past 
12 years. In this country, electric locomotives for 
suburban passenger transport and Diesel-electric 
shunting engines have been used successfully for 
some time, but the recent appearance of both types 
in typical main-line services marks an important, 
if experimental, trend and an event of considerable 
interest alike to professional railway engineers 
and amateur connoisseurs of the locomotive. Both 
these classes of reader should welcome a book 
which arranges conveniently a comprehensive 
selection of design particulars, representative of 
the entire world scope of electric and Diesel-electric 
locomotives, collected from the separate descriptions 
published by manufacturers and railway companies. 

After a brief introductory chapter outlining the 
economic and operating characteristics of modern 
electric and Diesel-electric locomotives in relation to 
transport requirements and available resources for 
motive power, the authors survey a number of 
major components, among which traction motors 
and their associated control systems figure promi- 
nently. Equipment commonly employed for brak- 
ing, current-collecting and various other auxiliary 
purposes is similarly discussed along general lines, 
after which the reader is in a position to appreciate 
the distinctive features, relative merits and reasons 
underlying the major design principle of electric 
locomotives using direct or alternating current. 
The influence of the supply system is exemplified by 
typical designs of locomotives incorporating voltage 
or phase converters with appropriate power circuits. 
Corresponding descriptions of representative Diesel- 
electric locomotives built in America and Europe 
are preceded by a review of typical Diesel engines, 
generators and exciters, transmission systems and 
control schemes. The concluding chapter of the 
main text, in which electric traction locomotives 
powered by steam- or gas-turbine driven generators 
suggest possible lines of future development, is 
followed by a notable 90-page appendix of tabu- 
lated information, broadly specifying practically 
every electric locomotive built since 1925 and every 
type of Diesel-electric locomotive since 1930. 

From the foregoing outline it will be apparent, 
no doubt, that this book is predominantly descriptive 
of actual locomotives rather than critical of their 
varied components or instructive regarding their 
performance in service. Moreover, the description 
is never more than incidentally concerned with 
many important mechanical items in the structure 
and bogies, nor with financial aspects either of the 
locomotives themselves or their operation as part 
of a complete railway system. Such matters lie 
outside the authors’ immediate purpose, which is 
admirably achieved within limits wide enough to 
yield a very large amount of compactly presented, 





well-illustrated and accurate information. 
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WELDING OF ALUMINIUM 
AND ITS ALLOYS. 
By Dr. E. G. West, F.1.M. 
(Concluded from page 319.) 
WELD PROPERTIES. 


An ideal welding process should be such that the 
properties across the welded section remain the 
same as those of the unwelded material, but this is 
seldom attained in practice. The properties of 
welded aluminium are determined principally by 
oxide removal and flux inclusions, gas porosity, the 
presence of cracks, and the metallurgical condition 
of the weld complex. 

Oxide removal is essential in fusion welding and, 
until the argon-are process was developed, flux was 
invariably necessary. The composition of the oxide 
film varies according to the alloy, an appreciable 
amount of magnesium oxide being present on alloys 
containing magnesium in excess of about 1 per cent. 
The mechanism of fluxing in gas welding was inves- 
tigated by the British Non-Ferrous Metals Research 
Association and the British Welding Research 
Association, but similar investigations on metal- 
arc welding have not: been carried out. There has 
been little improvement in commercially available 
fluxes during the past few years, and suggestions 
that a gas flux might be used, or that a liquid flux 
giving non-corrosive residues might be developed, 
are worth active investigation. The investigators at 
Birmingham University, sponsored by the Alumi- 
nium Development Association, are at present con- 
sidering those aspects of fluxing which may influence 
the properties of the weld metal, such as grain size. 

Work by the British Welding Research Associa- 
tion on welding electrodes—and especially by 
individual members of the welding supply industry, 
on electrode coatings—is in progress and the elec- 
trodes now available show some improvement of the 
pre-war range. The 5-per cent. silicon alloy is easier 
to use than any other type and has been adopted to 
a considerable extent, especially in the United States 
and Sweden; but in Great Britain there is some 
reluctance to use it on alloys containing more than 
2 or 3 per cent. magnesium, owing to the risk of 
embrittlement due to the production of Mg,Si in 
the weld metal and the junction zone. In Sweden, 
the types of electrode generally available include 
pure aluminium, the 1}-per cent. manganese alloy, 
5-per cent. silicon alloy, 2-per cent. magnesium alloy, 
and an aluminium-magnesium-silicide-type. 

Porosity encountered in aluminium fusion welds, 
especially in metal-arc and carbon-are welds, is of 
two types, namely, gross pores and fine porosity in 
the weld metal and adjacent parent metal. The 
former arises from moisture in the electrode coating, 
and, to a less extent, from the air, and can be largely 
eliminated by pre-heating or by using moisture-free 
electrodes. Efficient cleaning of the surface imme- 
diately before welding also helps to avoid gross 
porosity. 

Fine porosity is due chiefly to hydrogen in the 
parent metal or filler rod and can be reduced by pre- 
heating except in the case cf aluminium-magnesium 
alloys, where gas cavities and blistering tend to 
occur in the heat-affected zone. The mechanism 
of this type of porosity has been fully investigated 
by the British Non-Ferrous Metals Research Asso- 
ciation, and was also studied in Germany during the 
war. The British investigators suggest that it is 
due to hydrogen held in the parent metal, and that 
the presence of calcium is a determining factor in 
the severity of the blistering and porosity. It 
may be reduced by special precautions during 
casting and manufacture to ensure that the metal 
is initially free from gas, and such material is com- 
mercially available. As the incidence of this type 
of porosity is reduced by increasing the speed of 
welding, the metallic-arc and argon-are processes 
are useful in minimising the effect. Recent work 
by the British Welding Research Association has 
shown, however, that both types of porosity and 
oxide inclusions are still major factors in preventing 
satisfactory weld strengths. being obtained by the 
metal-arec process, and further investigations are in 
hand by that organisation. 





The incidence and causes of cracking have formed. 








the principal part of the Aluminium Development 
Association’s investigations at the University of 
Birmingham, and nine papers have been published 
so far, while Research Report No. 1 summarised the 
results to December, 1947. The effects of composi- 
tion, grain size, and cooling rate have been deter- 
mined for cracking above the solidus in the binary 
and ternary series of alloys, which form the basis 
of most of the commercial materials, and, more 
recently, investigations have been concentrated on 
sub-solidus cracking. Attention has been devoted 
also to the development of practical methods for 
improving the gas-welding procedure on existing 
alloys, with particular reference to a reduction in 
the amount of cracking and in the extent of the 
heat-affected zone. These investigations indicate 
that the tendency for aluminium alloys to crack 
during gas-welding can be decreased by a reduction 
in the rate of cooling of the solidifying weld metal, 
in the speed of welding, or in the degree of restraint, 
on the weld complex. Another method of mini- 
mising weld cracking is to weld with special filler 
rods of suitable composition. 

Experience on the tendency to crack when welding 
is carried out by the metal-are and argon-are pro- 
cesses is limited, but American reports indicate that 
argon-are welding does not result in any appreciable 
reduction in the tendency to crack or improvement 
in the properties of the heat-affected zone. How- 
ever, preliminary tests at the University of Bir- 
mingham have been initiated on argon-are welds 
in aluminium alloys, compared with gas welds in 
the same materials. It is hoped that, within 
the next 12 months, work on the cracking tendency 
will be completed by the University team, and their 
recommendations will be given on the optimum 
composition of each type of alloy to give minimum 
cracking when welded by a specified method with a 
known degree of restraint. 

The welded area consists of at least three distinct 
portions, namely, the weld metal, which is virtually 
a casting; the unchanged parent metal; and the 
intermediate zone, in which, to varying degrees, 
some of the metal has exceeded the solidus tempera- 
ture, some of it has recrystallised, and some precipi- 
tation may have taken place. The extent of the 
heat-affected zone may be reduced by a slight 
modification in the composition of the alloy to be 
welded (by the addition of nickel, for example) or 
by the employment of a welding technique in which 
the thermal cycle during the welding operation is 
kept as short as possible. In general, however, the 
maximum mechanical properties across a butt joint 
cannot exceed those of the “as cast” material or 
fully softened parent metal, and the weld metal | 
and the over-heated zone may also exhibit changes | 
in other properties, such as reduction in resistance | 
to corrosion due to a constitutional change. | 

In general, the strength obtainable across fusion 
welds in the pure metal, the non-heat-treatable | 
wrought alloys, and castings is equal to, or some- | 
what greater than, that of the parent metal 
in the annealed condition, or the “as cast” parent 
metal in the case of castings. The geometry of the 
weld exerts an appreciable effect on the strength 
of the welded section, and, when the weld metal is 
neither machined off nor worked down, the welded 
portion may be both stiffer and stronger than the 
unwelded material. It is usual, however, for the 
design of welded assemblies to be based on the 
strength of the soft wrought metal or the “ as cast ”’ 
condition when castings are involved. The same 
basic considerations apply, of course, to assemblies 
welded by the resistance process, but greater uni- 
formity of properties is obtainable across pressure 
welds. 

Ideally, the weld should possess properties 
identical with those of the parent metal, and the 
locally heated zone adjoining the weld metal should 
be unaffected by the increase in temperature. 
This may be achieved on a number of casting alloys, 
and joint efficiencies of over 90 per cent. may also 
be obtained on pure aluminium and the low- 
strength wrought alloys; but it is difficult, in 
general, to obtain efficiencies of even 50 per cent. 
on the heat-treated alloys. The investigations of 
the British Non-Ferrous Metals Research Association 
on the welding of DTD. 424-type alloys indicate 
that high joint efficiencies were possible on welded 
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wrought material in the composition range covered 
by DTD. 424 (in particular, 5 per cent. silicon plus 
2} per cent. copper). The mechanical properties of 


the unwelded wrought material, however, are only 
moderate (16 tons to 20 tons per square inch ulti- 
mate strength) and are thus insufficiently attractive 
to warrant its commercial production at present. 


The properties of certain high-strength aluminium- 


zinc-magnesium alloys, tested experimentally by 
the Birmingham University team after welding, 
indicate that it may be possible to produce alloys 
of good weldability and satisfactory other proper- 
ties. This, however, may involve the use of filler 
metal differing in composition from the parent 
metal, and this may not always be satisfactory 
from the point of view of corrosion. In the United 
States, alloys of this type (75.S) have been argon-are 
welded with filler metal of the same composition to 
give weld strength efficiencies of 90 per cent. after 
re-heat treatment, but the ductility is low. 


Fillet welding of aluminium alloys has not been 


encouraged because of the risks arising from flux 
inclusions, but the thermal disturbance is less and 
the total metal thickness is greater than in butt 
joints. 
shown that reasonably sound fillet welds are satis- 
factory for many purposes (for example, the built-up | British Foundrymen is to be held at the Town Hall, 
beams described by R. A. Foulkes).* 
welding, or welding with a flux givi.g non-corrosive | day, Council and Committee meetings will be held in 
residues, would allow built-up structures of some 
types to be designed and fabricated with every 
prospect of giving satisfactory service, even though | 
the metal itself may not possess optimum properties 
after welding. 


Experimental welded structures have 


Argon-are 


The present programme of the LM.1 Committee 


of the British Welding Research Association includes 
a series of tests on fillet-welded aluminium alloys 
in the medium-strength range, particularly the 
AW.6 (5 per cent. magnesium) and AW.10 (magne- 
sium-silicide) types. 
to ? in. thick, and a limited programme of corrosion 
tests on welded specimens is proposed. The British | 
Welding Research Association are also working on | 
the effects of grain refinement by adding titanium | Heating Rate on Malleable-Iron Annealing,” by Mr. 
and other elements to the weld metal by means of | 5. W. Palmer ; and “ The Influence of Stripping Tem- 
the electrode. 


The welds include metal up 





SEVERITY OF CIRCUIT-BREAKER 
TEST CONDITIONS. 


Some interesting new information on ‘‘ The Severity 
is contained in a 
report, G/T 230, by Mr. F. O. Mason, which has been 


published recently by the British Electrical and | 


Allied Industries Research Association, Thorncroft 
Manor, Dorking Road, Leatherhead, Surrey. The 
results described in this report were obtained in con- 
nection with tests on gas-blast circuit breaking during 
which a charged condenser was used as an energy source, 
instead of the usual 10-MW, 6-6-kV alternator. This 
condenser was charged to about 10 kV (equivalent to 
the peak value of a 6,600 root mean square volt wave) 
through a high resistance by a rectifier and transformer, 
which was supplied from the lighting mains. 

With this arrangement, closing the condenser on to 
the circuit causes a damped oscillatory current to flow. 
The frequency of this current in general is determined 
by the capacity of the condenser and the total induct- 
ance of the circuit. In this case the capacity was 
5 microfarads and the inductance was about 0-19 henry, 
which is equivalent to 6 ohms at 50 cycles per second. 
This gave a frequency of some 550 cycles per second, 
while the peak value of the current in the first half cycle 
is about 130 amperes. Under these conditions the rate 
of change of current at the end of the first cycle of 
current is about equal to the rate of change of current 
obtaining at zero for a 50-cycle wave of 1,100 amperes 
root mean square and the wave front of the re-striking 
voltage, for practical purposes, is the same as that 
obtained when the alternator is excited to 6,600 volts 
root mean square. 

Tests made on an experimental gas-blast circuit- 
breaker under these conditions showed that it cleared 
the circuit with difficulty, although it had been con- 
stantly used for breaking 1,100 root mean square 
amperes from the 10-MW alternator. It was found, in 
fact, that the task imposed on the breaker in clearing 
the circuit at the end of the first half cycle of arcing 
was of the same order as that experienced when the 
alternator was used to supply power. In both cases 
the arc was initiated by a fine fuse wire. 

The scope cf these tests is, of course, limited and the 





* “The Use of Light Alloys in Structures,” R. A. 
Foulkes, Proc. Inst. of Civil Eng., 1948. 
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range of equivalence of the two methods may be present 
only over part of the power-frequency current range of 
certain types and designs of circuit-breaker. It is 
thought that these breakers (as in the case of the one 
used in the present experiments) will be found to be 
of types in which, within the appropriate range of 
power-frequency current, substantially the whole of 
the ionised products of prior arcing in the half cycle 
are swept from the arc gap by a time just before 
current zero. 

In conclusion, Mr. Mason points out that the signific- 
ance of the observations is of great importance, especi- 
ally to those engaged in research on the fundamentals 
of circuit-breaker arcs and that the British Electrical 
and Allied Industries Research Association is now 
engaged in following up various important implications 
of this work. These include possible application to 
synthetic testing in which the effects on the breaker 
structure of the heat of the power arc and of the electro- 
magnetic forces set up by the full power-frequency 
current can be obtained by a suitable combination of 
the high-voltage condenser discharge, near the current 
zero, with a heavy power-frequency current supplied 
by a source of relatively low voltage. 








THE INSTITUTE OF BRITISH 
FOUNDRYMEN. 


THe 46th annual conference of the 





Institute of 


| Cheltenham Spa, from June 14 to 17. On the first 


|the afternoon, and, in the evening, the Mayor of 
| Cheltenham will hold a reception at the Old Town Hall, 
| Regent-street. 

| On Wednesday, June 15, at 9.15 a.m., the annual 
| general meeting of the Institute will commence in the 
| Pillar Room, Town Hall, Oriel-road, Cheltenham. 
Following the presentation of awards and the Presi- 
dential Address by Mr. N.P. Newman, J.P., the Edward 
Williams Lecture, on “‘ Metal Founding through the 
Ages,” will be delivered by Professor Hugh O'Neill. 
In the afternoon at 2.30, two simultaneous sessions will 
be held ; session A in the Pillar Room and session B in 
the drawing room of the Town Hall. Three papers 
will be presented before session A, namely, “ Stress 
Relief Heat Treatment of Alloy Cast Iron,” by Mr. 
M. M. Hallett and Mr. P. D. Wing; ‘“ The Influence of 





| perature on the Properties of Pearlitic Grey Cast Iron,” 
by Sub-Committee T.S.18 of the Technical Council. 
Three papers will also be presented before session B, 
jnamely, ‘ Some Factors Controlling the Incidence of 
| Hot Tearing of Aluminium Casting Alloys,” by Mr. 
| D. C. G. Lees; “ Some Examples of Aluminium-Alloy 
Foundry Practice,” by Mr. J. Caven and Mr. H. W. 
| Keeble; and “Some Notable Aluminium-Alloy Cast- 
| ings,” by Mr. A. R. Martin. At 7.30 p.m., the annual 
| dinner will be held in the Large Hall of the Town Hall. 
| On Thursday, June 16, at 9.30 a.m., two simultaneous 
| sessions, C and D, will again be held, the papers pre- 
| sented before session C in the drawing room compris- 
jing: ‘Some Experiences with Ethyl Silicate in the 
| Foundry,” by Mr. D. F. B. Tedds ; “* Some Problems in 
| Bronze Foundry Practice,” by Dr. A. J. Smith; and 
| ‘* Mechanical Properties of Copper-Base Alloy Castings,” 
'by the Association of Bronze and Brass Founders. 
The papers presented before session D, in the Pillar 
Room, will comprise: ‘‘ Report of the Technical Com- 
mittee of Lake and Elliot, Limited,” submitted by Mr. 
C. H. Kain; “The Effect of Grain Shape on the 
Behaviour of Synthetic Core and Moulding Sands,” by 
Dr. W. J. Rees and Dr. W. A. Davies; and “‘ Notes on 
the Hot Extraction Method as Applied to Cast Iron,” 
by Dr. J. E. Hurst and Dr. R. V. Riley. On Thursday 
afternoon at 2.15 four papers will be presented, two 
at session E in the Pillar Room, namely “ The Produc- 
tion’of Metallurgical Coke,” by Mr. M. D. Edington, and 
‘* Cupola Charge Materials,” by Sub-Committee T.S. 27 
of the Technical Council ; and two at session F in the 
drawing room, namely, “ The System of Costing in a 
South African Foundry,” by Mr. C. I. Rhind, and 
“Organisation for the Training of Apprentices in 
French Foundries,” by Mr. D. Waeles. An additional 
aper, “The Metallurgical Examination of a Cannon 
Ball Found After the Battle of Lichfield,” by Dr. J. E. 
Hurst and Dr. R. V. Riley will also be considered. 

The whole of Friday, June 17, will be devoted to 
visits to Magnal Products, Limited, Warmley, near 
Bristol; Newman, Hender and Company, Limited, 
Woodchester; R. A. Lister and Company, Limited. 
Dursley ; Douglas (Kingswood) Limited, Kingswood, 
Bristol; Newman Industries, Limited, Yate, near 
Bristol; the Bristol Aeroplane Company, Limited ; 
Stothert and Pitt, Limited, Bath; and the Westing- 
house Brake and Signal Company, Limited, Chippen- 
ham. 

The offices of the Institute are at St. John Street 
Chambers, Deansgate, Manchester, 3. 
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THE APPLICATION OF SLAG 
CONTROL TO THE MANUFACTURE 
OF TUBE STEEL.* 


By J. Monacuan, B.Sc. 
(Concluded from page 294.) 


Tue method of carrying out the calculation of scale 
required to raise the iron in the slag is best explained 
by means of an example. Using the same case as 
before, we have :— 


Charge :—limestone, 30 cwt.; control slag V-ratio, 1-8 ; 
tapping slag V-ratio, 3-0; burnt lime, 20 cwt.; control 
slag Fe, 5 per cent.; tapping slag Fe, 8 per cent; total 
equivalent limestone, 61 cwt.; control slag CaO, 42 per 
cent.; tapping slag CaO, 54 per cent. 

Wt. CaO in melt slag 44-5 cwt. 

Feed burnt lime 31-1 cwt. + 11 ewt. for P = 35-9 
ewt. CaO. 


Weight of iron in tapping slag = —— 
0-08 = 11-9 cwt. Fe. 
Weight of iron in control slag = ~ x 0-05 = 


5-3 cwt. Fe. 

Increase of iron in slag = 11-9 — 5-3 = 6-6 cwt. Fe. 

To convert this iron to scale, it is assumed that the 
Fe in the slag will be present as three parts FeO to one 
part Fe,O,, the factor Fe to oxygen being 0-343. 

The oxygen in the scale has been found to average 
25 per cent. and from this the conversion factor 

Iron to scale = = eons = 1-37. 

In the example above, therefore, the scale required 
to raise the iron in the to 8 per cent. at tapping is 
6-6 x 1-37 = 9-05 ewt. scale. 

The final calculation of feed lime is made upon the 
pancake estimate and conductimetric V-ratio of the 
slag 30 minutes after melt out, the feeding of lime com- 
mencing after these samples at a carefully controlled 
rate, the aim being to maintain a fluid slag during the 
first half of refining and to give a creamy slag there- 
after, the last addition of lime being made about 


three-quarters of an hour before tapping. It has been | 


mentioned that the occasion arises when the charge 
lime has not all come up, or is incompletely fluxed, 
when the control sam ae are drawn. When this 
happens the calculated feed lime will be too high, and 
an examination of the pancake samples taken every 
half-hour during refining will reveal that the basicity 
is being built up too rapidly. In these cases a check 
calculation made, taking into account the lime already 
fed, will indicate by how much the total feed must be 
modified. This must be done before 2-2 to 2-4 V-ratio, 
as above this, pancake examination is too unreliable to 
be used for calculation. The final calculation of the 
scale required for slag and metal and of the expected 
refining time is made on the clear-melt analysis, and 
the remainder of the scale required is fed as soon as 
possible and certainly within the first hour of refining, 
this being of considerable importance. 


The system of slag control described above requires | slags 


a knowledge of the average erosion of fettling material 
from the banks during the charging plus melting and 
the refining periods separately. It is possible to obtain 
an average of bank erosion for the whole of the heat 
from records of weekly dolomite consumption and this 
can be related to the tapping carbon or some similar 
factor. The cast-to-cast variations in bank erosion 
can be very considerable, however, and may be affected 
by the type of scrap, method of charging, slag volume 
and iron content, slag and bath temperature, the 
duration of the melting and refining periods, the vigour 
of the carbon boil, etc. Mechanical damage of the 
bottom during charging, and other reasons which can 
give rise to local boils, will, of course, also show their 
effects on the amount of fettling material entering the 
slag during the course of the heat. A close check on 
the weight of dolomite used after each heat is not 
entirely satisfactory, since the erosion during the melt- 
ing and refining periods cannot be separated and a 
method for direct calculation of the melting and 
refining bank erosions on individual heats is to be 
preferred. 

The method which has been devised for experiments 
on carefully controlled heats requires knowledge of 
the following :—({1) The average compositions and 
accurate weights of the limestone, burnt lime, fluorspar 
or other fluxes charged and fed during refining ; (2) the 
composition of the material eroded from the furnace 
banks; (3) per cent. CaO and per cent. MgO in the 
melting and tapping The average compositions 


of the various fluxes and the dolomite or other fettling | hig 


material are usually obtainable from laboratory 





* Paper presented before the West of Scotland Iron 
and Steel Institute on Friday, December 17, 1948. 
Abridged. 
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records and will vary from batch to batch, so that 
some error may be introduced by considering average 
values. A more serious error arises from the possibility 
of preferential solution of CaO out of the furnace 
hearth with a gradual increase in the MgO, SiO,, and 
FeO contents of the remaining materials of the hearth 
and banks 


From the most recent analyses the average com- 
positions are :— 


CaO MgO (SiO, + P,O,;) 
Limestone she 56-2 0-4 0-72 
Burnt lime .... 88-5 0-58 0-54 
Fluorspar ... (63-5 equiv.) i 8-7 
Dolomite oes 55-5 33-7 3-2 


If limestone charged = L cwt., and melting bank 
erosion = X cwt., per cent. CaO in melt slag = Cm 
and per cent. MgO in melt slag = Mm, then 

Wt. CaO in melt slag = 0-562 L + 0-555 X and 
Wt. MgO in melt slag = 0-004 L + 0-337 X. 


Wt.CaO_ _ Melt slag wt. __Wt.MsO_ 





Per cent. CaO 100 ™ Per cent. MgO 
0-562L +0-555X Melt slag wt. 
Om 100 
0-004 L + 0-337 X 
mae, CP 


Mm 
This provides two simultaneous equations which 
may be solved for X :— 
Melting bank erosion X (cwt.) 
0-56 Mm — 0-004 Cm 
a {psy Gn = sat het 


Once the melting bank erosion has been found from 
equation (c) its value may be inserted in either side of 
equation (b) to give the slag weight, and hence the 
weights of CaO and MgO in this slag. By adding to 
these the weights of CaO and MgO from feed additions 
and values 0-55 Y and 0-337 Y for the CaO and 
arising from refining bank erosion, equations simi 
to (b) can be set up using the per cent. CaO and per cent. 
MgO in the tapping slag. From this the refining bank 
erosion and tapping slag weights may be obtained. As 
a check on the accuracy of the slag weights, materials 
balances for P,O,, MnO and SiO, may be set up between 
the melt and tap slags. Where the tap slag weights 
obtained from P,0,, MnO and SiO, are consistently 





| higher than that from the CaO and MgO balances, 


this may be taken as an indication that a proportion 
of the charge limestone was still unfluxed when the 
melt slag was drawn. This amount may be found by 
bracketing, i.e., repeating the calculations allowing 
for a different amount of unfluxed stone at the melt 
(which must be added into the refining additions) 
each time until the closest agreement between the four 
values of the tapping slag weight is obtained. 

This method is rather sensitive to errors in chemical 
analyses of slags and is of course dependent on reliable 
weights of materials. It is generally possible to obtain 
agreement within 5 per cent. on the tap slag weight 
from the four balances, and the calculated weights show 
a similar ent with actual weighings of finishing 
. The method should only be applied to heats 
where the bath has been completely drained before 
starting and where the bottom is free of lime left from 
a previous charge. If lime has been left over, an 
approximate weight must be assumed and added to 
the charge lime, though there is no guarantee that it 
will be fluxed on the experimental heat. The practice 
at the firm with which the author is connected is to 
drain the furnace completely of slag and metal and 
examine the bottom alter every heat. This method 
of calculation has been used on a number of heats to 
obtain average values for bank erosion during the melt- 
ing and refining periods. It has not yet been possible 
to extend its application to an investigation of the 
many variables which affect the bank erosion owing 
to the amounts of analyses and calculations involved. 
Variations in bank erosion contribute one of the main 
difficulties in the control of tapping-slag basicity and 
with a more rapid method for MgO determination in 
slags, it is hoped to do more work on this in the future. 

The furnace oxidation factor during the refining 
period is used in the calculation of the scale required to 
oxidise the carbon and phosphorus, and some value for 
this must be assumed for each heat. As with the 
oxidation rate during melting considerable variations 
are found, in the extreme between 8 to 30 cwt. scale per 
hour, with most values being between 14 and 20 cwt. 
per hour. Statistical work has indicated that the 
oxidation factor is higher with increase in tapping 
carbon, and slag V-ratio, and is lower with increase in 
melting temperature and melt carbon. Since with a 
igh melt carbon a more vigorous boil and greater oxida- 
tion of metal droplets thrown up into the furnace 
atmosphere is to be expected, this result is rather 
surprising. However, for a given charge, a high melt 
adken implies a low oxidation rate during melting, 
and a close connection is found between the oxidation 





rates for the two periods. A more definite explanation 
of the effect is not yet possible. 

It is not considered that the V-ratio directly influences 
the rate of oxygen pick-up, but this factor provides a 
simple indication of the chemical and physical condi- 
tions of the slag throughout refining, which must play 
a profound part. Data from a small number of experi- 
mental heats have tended to indicate that an increase 
in furnace pressure from 0-05 in. to 0-07 in. water- 
gauge reduces the refining oxidation rate by about 
2 cwt. scale per hour on an average, while an increase in 
the air/gas ratio from 1-0 to 1-4 reduces the rate by 
about 1-3 ewt. scale per hour for otherwise constant 
conditions. With the higher air/gas ratio it is to be 
expected that the oxygen in the waste gases will be 
greater, and a very tentative explanation of the 
observed decrease in oxygen pick-up of the bath and 
slag, is that the greater volumes of air entering through 
the ports cause a reduction in the air infiltrating under 
the doors for a given furnace pressure. Cold air enter- 
ing beneath the doors must pass very close to the slag 
and has a better opportunity of reacting with the slag 
than excess air entering over the top of the flame. It 
is evident that a considerable amount of investigation 
is needed before the variations in the furnace oxidation 
factor can be fully explained, and further work in this 
direction is still in progress. 

The oxygen content of the furnace atmosphere must 
influence to some extent the amount of oxidation taking 
place during charging, melting and refining, and must, 
therefore, be controlled. This oxygen content will be 
dependent on: (a) furnace pressure ; (5) air/gas ratio ; 
(c) oxygen requirements of the gas ; and (d) the amount 
of infiltrating air. The furnace pressure is controlled 
automatically at 0-07 in. water-gauge by means of an 
Electroflo roof pressure controller, while air and gas 
meters which are installed provide a method of con- 
trolling the air/gas ratio which is normally 1-4. Mea- 
surement of the calorific value of the.gas by means of 
a recording gas calorimeter would provide means of 
estimating the oxygen requirements of the gas, but 
the most satisfactory method would be direct measure- 
ment of the oxygen in the waste gases. 

The instruments provided for each furnace, in addi- 
tion to furnace-pressure indicator and recorder, and 
air and gas meters, furnish records of air and gas 
chequer temperatures, roof temperature, and pressures 
at the gas ports and in the gas main. There is also a 
temperature reversal indicator based on the air-chequer 
temperatures. 

The most important objectives set out in the intro- 
duction, were to control the composition and quality 
of the final steel through control over the composi- 
tion of the finishing slag. As a measure of the 
success achieved in reaching these objectives, a survey 
has been made of the results obtained on a series of 
heats made during the months of April, May and 
June, 1948. During this period, only shortly after the 
introduction of slag control on a production basis, it 
was not then possible to control the slag in every cast 
made, and, for the survey, 250 casts have been 
on which full control was attempted. Since this period 
the proportion of fully-controlled casts has increased 
and it can now be said that slag control is practised on 
all tube steel made at Clydesdale. Improvements in 
steel quality are indicated by an increase in the yields 
obtained in tube-making, while inclusion counts on 
tubes, taken continuously over a considerable period 
show that the steel made is cleaner than the average for 
basic open-hearth. Experience has also shown that 
beneficial results in the control over the phosphorus 
and sulphur in the final steel have been achieved. The 
work which has been described is by no means com- 
comme and the system will be subject to amendment 

‘om time to time in the light of further experience. 








FOUNDRY-FOREMEN’S TRAINING COURSE.—The Council 
of the Institute of British Foundrymen have organised 
a foundry foremen’s training course which will be held 
at Ashorne Hill, near Leamington Spa, Warwickshire, 
from Thursday evening, April 21, to Saturday, April 23. 
The object of the course is to bring together a large 
number of persons who are in charge of men, to hear 
the views of experts on various practical problems. 
Thus, Mr. R. R. Hyde, M.V.O., will speak on “ Human 
Relations ” ; Messrs. W. Frith and G. A. Southern on 
“ Incentive Systems—Standards of Work Performance ” ; 
Mr. A. Makins, on “‘ Overheads and Production Costs ”’ ; 
Mr. A. B. Lloyd, on “ Production Control—the Manage- 
ment Viewpoint’; Mr. A. J. Smith, on “ The Applica- 
tion of Production Control” ; and Mr. J. I. Blackbourn, 
on “‘ The Maintenance of Plant and Equipment.” .Ample 
opportunities will be provided for the exchange of 
experiences during discussions on the lectures and in 
personal contact with other«visitors. A number of 
films will also be shown. Further particulars regarding 
the course may be obtained from the secretary of the 
Institute, St. John-street Chambers, Deansgate, Man- 
chester, 3. 
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SINGLE-SCREW COLLIER FOR BRITISH ELECTRICITY AUTHORITY. 


MESSRS. §S. P. AUSTIN AND SON, 


LIMITED, SUNDERLAND. 








SINGLE-SCREW COLLIER WITH 
ALTERNATING-CURRENT 
AUXILIARIES. 


Tue single-screw steam-collier Pompey Power, one | 
of the latest additions to the fleet of the British | 
Electricity Authority, has successfully completed her | 
trials and has been handed over to her owners. The | 


Pompey Power, the first of two sister vessels originally 
ordered by the Portsmouth Corporation, is of unusual 
interest in that alternating current has been adopted 
for driving the auxiliary machinery and, although 
this arrangement has been used on larger vessels, it is 
understood that this is the first vessel of its class to 
be so equipped. A photograph of the Pompey Power, 
taken during trials, is reproduced in Fig. 1, on this 
page, from which it will be seen that the general arrange- 
ment follows the usual practice for vessels of this type, 
the machinery being situated aft and the bridge struc- 
ture amidships. The vessel will be used for transport- 


ing coal from the North East ports to the Portsmouth | 


power station. 


The vessel was constructed by Messr:. S. P. Austin | 


and Son, Limited, Wear Dockyard, Sunderland, under 
the Survey of Lloyd’s Register to the Society’s highest 
class and complies with the latest requirements of the 
Ministry of Transport for home service. She has an over- 
all length of 252 ft., an extreme breadth of 36 ft. 6 in., 
and a depth, moulded to the upper deck, of 16 ft. 6 in., 
while the designed speed is 10-5 knots. A drawing 
showing a longitudinal section through the ship is 
reproduced in Fig. 3, opposite, from which it will be 
seen that there are three holds, one forward of the 
bridge and two aft, the total capacity of all three holds 
being approximately 85,200 cub. ft. MacGregor steel 
hatch covers are fitted to all three holds, and a hatch 
winch is provided for the two after holds, the forward 
hatch being handled by the anchor winch. In order 
to meet the requirements of the vessel’s northward 
trip in light condition, ample water-ballast capacity 
has been provided, a total of 673 tons of water being 
carried in the double bottom, fore- and after-peaks 
and a deep tank amidships. A feature of the construc- 
tion is the provision of hopper side tanks which facilitate 
discharging of the coal; these can be seen in Fig. 5, 
opposite, which shows part sections through numbers 











Fia. 1. VEssEL on TRIALS. 








Fic. 2. 


built up from 0-40-in. thick plate, reinforced with 3-in. 
by 3-in. bulb angles at the top and 34-in. by 34-in. bulb 
angles at the bottom, while the two main side girders 
are made from 6-in. by 3-in. bulb angle. 


has a radius of 5 ft. 6 in. and the bilge keels are made | 
from 7-in. bulb plate welded directly to the shell. 
The bottom frames and the reversed frames to inner 


bottom and sloping tanks are made from 3-in. by 3-in. 
angle sections. 


The vessel is propelled by a singlé screw driven by a 
The 


triple-expansion reciprocating steam engine. 
propelling machinery was supplied and installed by 
the North Eastern Marine Engineering Company (1938), 
Limited, Sunderland, and incorporates this firm’s reheat 
system. The cylinders have diameters of 154 in., 
25 in. and 44 in., respectively, while the stroke is 
33 in. The low-pressure cylinder is situated between 
the high-pressure and intermediate-pressure cylinders, 
these two cylinders being fitted with cam-operated 
poppet valves. The engine is designed to develop 
850 indicated horse-power at 89 r.p.m., on loaded trial, 
and 750 indicated horse-power at 85 r.p.m. in service. 
The reheater is fitted between the high-pressure and 


1 and 2 holds. The frames, which are made from either | intermediate-pressure cylinders and is arranged so that 
5-in. by 3-in. or 7-in. by 3-in. bulb angle, are continuous | the steam before entering the high-pressure cylinder 
through the sloping portions of the tanks, the tank top, | imparts some of its superheat to the steam exhausted to 


in turn, being welded to the shell with watertight plate | 


collars fitted round the frames. The centre girder is 


the intermediate-pressure cylinder, the object being to 
employ dry steam throughout the engine and thereby 


REHEATER PARTLY DISMANTLED. 


| avoid the bad effects of wet steam on performance. In 
| practice, steam is supplied from the boilers at a pressure 
| of 220 Ib. per square inch and a temperature of 750 deg. 


The bilge | F., but, owing to the action of the reheater, it enters the 


high-pressure cylinder at a temperature of 610 deg. F. 
It leaves the high-pressure cylinder at a pressure of 
approximately 70 lb. per square inch and a temperature 
of 425 deg., but, before entering the intermediate- 
pressure cylinder, the temperature is raised by the 
aeber to about 575 deg. F. The intermediate- 
| pressure cylinder exhausts to the low-pressure chest at 
| 
| 





approximately 10 lb. per square inch and 340 deg. F., 
and when the steam is exhausted to the condenser, it 
still retains a few degrees of superheat. 

The reheater, the design of which is similar to 
| that of a feed heater, is illustrated in Fig. 2, on this 
page, where it is shown partly dismantled. It consists 

essentially of a nest of U tubes contained in a cylin- 
drical casting, the steam from the boiler superheaters 
passing through the tubes on its way to the high- 
pressure cylinder while the high-pressure exhaust is 
| directed into the casting where it flows round the 
outsides of the tubes as it passes to the intermediate 
cylinder chest, suitable baffles being fitted to ensure 
correct pone of the steam over the tubes. Steam 
is provided by two single-ended Scotch boilers arranged 
for coal firing and designed to operate at a pressure of 
220 lb. per square inch. The boilers have a diameter 
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of 12 ft. and an overall length of 11 ft., while the com- 
bined total heating surface is 2,306 sq. ft. Each boiler 
has three furnaces arranged to operate under Howden’s 
system of forced draught with preheated air supply ; 
they are hand fired and are fitted with Neil’s rocker-bar 
grates, a Crompton hoist being provided in the stoke- 
hold for ash disposal. The wing combustion chambers 
are fitted with Nemenco superheaters designed to give 
&@ maximum steam temperature of approximately 
750 deg. F. at the superheater outlets. Fitting the 
superheaters in the wing combustion chambers only 
enables the degree of superheat to be regulated and 
at the same time gives protection for the superheater 
elements when the vessel is in port with only the 
auxiliary machinery in service. All the steam gener- 
ated passes through the superheaters, steam for 
the auxiliaries being taken from the main-engine high- 
pressure line just after the reheater, at which point the 
temperature is, approximately, 600 deg. F. A spray- 
type desuperheater is fitted, however, so that steam 
at a lower temperature can be obtained when required. 
The main condenser is of Messrs. Weir’s Regenerative 
type, the condensate being extracted by a centrifugal 
pump and fed to the boilers by a Weir Electro-feeder, 
both of which are fitted with float control; a Weir 
reciprocating feed pump is provided, however, for 
emergency use. The boiler feed water is passed through 
two feed heaters, the first being fed by exhaust steam 
only, and the second either by live steam or steam 
bled from the high-pressure exhaust, the outlet tem- 
peratures of the feed water during trials being, approxi- 
mately, 212 and 300 deg. F., respectively. 

As Leyte trem wag. alternating current has been 
adopted for driving the auxiliary machinery in the 
engine room and on deck. This is somewhat unusual, 
a8 most vessels of this class are equipped with steam- 
operated auxiliary machinery which exhausts to the 
first-stage feed heater and, as a general rule, electrically- 
driven auxiliaries are fitted only when the quantity of 





steam exhausted is too great for efficient use in the feed 
heater. The owners have stated, however, that apart 
from the comfort and convenience accruing to the 
personnel, all-electric auxiliaries will produce a more 
convenient ship to operate and merely follows the 
ractice ly adopted on Diesel-engined colliers. 

ith to the adoption of alternating current, 
they contend that the associated equipment is simpler, 
more robust, and cheaper than equivalent di 
current equipment although, with a protot; ship, 
the last mentioned advantage is unlikely to be obtained. 
The use of standard land-mains equipment also enables 
the vessel to be connected to the grid when in port 
and thereby permits the alternators to be shut down 
for overhaul, ins ion, etc., without causing incon- 
venience. Naturally, initial troubles are to be expected, 
but the owners have pointed out that, as these - will 
call each week at a main generating station, no difficulty 
regarding maintenance should be experienced. As a 
safeguard, however, three third engineers have been 
allocated to the two vessels, and their work will alter- 
nate between shore duties at the power station and 
sea-going duties, thereby ensuring that each is kept 
up-to-date in alternating-current practice. 

Current for the auxiliary machinery is supplied by 
two alternators, each having an output of 80 kW at a 
power factor of 0-8 when generating three-phase cur- 
rent at 415 volts and 50 cycles per second. The 
alternators, which were supplied by the British 
Thomson-Houston Company, Limited, Rugby, are 
installed on a flat at the after end of the engine room 
and raised above the main floor as indicated in Fig. 3. 
Each is driven by a two-cylinder Belliss and Morcom 
reciprocating steam engine to exhaust either 
into the inlet of the main-engine low-pressure cylinder 
and first-stage feed heater, an auxiliary condenser, or 
to atmosphere. The alternators feed a metal-clad 
switchboard arranged immediately aft of the alternators 





in which all circuits are controlled by contactor switch- 
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; gear. The switchboard is of interest as it is built 
| up from standard components as used on land installa- 
| tions, thereby simplifying maintenance and making it 
easier to obtain replacement parts. It is so 
that separate circuits feed the ballast, bilge and sani- 
tary pumps, the electrically-driven boiler feed pump, 
the condensate-extraction pump, the boiler induced- 
draught and engine-room ventilating fans, the turning 
motor, the steering , the deck machinery and 
two transformers. the engine-room pumps, etc., 
are driven by squirrel-cage direct-on starting three- 
phase motors supplied by the British Thomson-Houston 
Company, Limited, each motor being protected by 
integral thermal-type overload switches. The ballast, 
bilge and sanitary pumps are situated on a flat at the 
starboard side of the engine room, arranged so that the 
pump glands are approximately waist high. The three 
pumps are similar and the piping is arranged so that 
each pump can perform any of the three duties. The 
boiler-feed pump, which is situated on the tank tops, 
is of the rotary type, but, as previously mentioned, a 
standard steam-operated reciprocating feed pump is 
installed as a standby; this is the only steam-driven 
auxiliary fitted in the vessel. 

The boiler induced-draught fan is situated on a small 
flat arranged at the forward end of the engine room, 
above the ballast, bilge and sanitary pumps. Like the 
other engine-room auxiliaries, it is driven by a three- 
phase squirrel-cage motor, and in order to overcome 
the inherent difficulties of speed control, the fan, whieh 
is of Howden manufacture, is provided with vanc 
control similar to that used on land installations. The 
steering gear was supplied by Messrs. Donkin and Com- 
pany, Limited, Walker Gate, Newcastle-on-Tyne; it 
is of their telemotor-controlled electro-hydraulic type, 
and is driven by two squirrel-cage motors, each of which 
is capable of taking over the full duty. The trans- 
formers referred to previously are situated one amid- 
ships and the other aft, and each is arranged with inter- 
star primary and double-star secondary windings, a 
duplicate feed being provided to the midships trans- 
former. The secondary windings have their mid points 
earthed and supply current at 230 volts for fluorescent 
lighting, cooking and space heating, and at 115 volts 
for standard filament lighting. A number of plug 
points, supplied at 25 volts through small local trans- 
formers, are provided for handlamps. y 

The deck machinery comprises an anchor winch, a 
stern windlass and a hatch winch. These, in common 
with the rest of the auxiliary machinery, are fitted with 
squirrel- motors, but those for the anchor winch and 
stern win! have been designed to give two speeds, 
each having a low-speed hem of high horse-power 
and a high-speed winding giving approximately a 
quarter of the maximum horse-power rating. 

The navigating equipment is exceptionally compre- 
hensive for a vessel of this class as, in addition to the 
usual magnetic type of compass, a Sperry Junior 

oscopic com is i ed. Furthermore, a 
Metropolitan. Vic ers Seascan Radar set and Marconi 
echo-sounder are provided, the former being located 
in the chart room to aid comparison with the charts 
while the latter, which is of the recording *yRe, is 
installed in the wheelhouse. Other equipment includes 
a ship-to-shore radio telephone and a loud-hailing sys- 
tem, the former having a listening extension to the 
officers’ mess. Another notable feature of the vessel is 
the accommodation, which is of an exceptionally high 
order. The deck officers are accommodated in the house 
formed by the bridge superstructure, the after end of 
which is plated over in order to prevent the entry of 
coal dust. The captain is provided with a separate 
bathroom and an office in addition to his own cabin, 
while the chief and second officers and the chief steward 
have separate cabins on the same level. The midships 
living quarters are completed by the officers’ mess- 
room and kitchen, the latter being equipped with an 
electric stove, water heater and refrigerator. The 
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engineers are housed on the boat deck above the engine 
room, each having a separate cabin, the messroom 
being on the same level as the cabins. The crew, which 
consists of four petty officers, five seamen and four 
firemen, are accommodated two to a cabin on the 
raised quarterdeck, as indicated in Fig. 4, on 345. 

te messrooms and washing facilities are pro- 
vided for the petty officers, seamen and firemen, 
respectively, but all share a common recreation room. 
The galley also is situated on the same deck and, 
like the midships kitchen, it is equipped with an electric 
stove, water heater and refrigerator. A on spaces 
are provided with fluorescent lighting and all bunks 
are fitted with a head light. The cabins and mess- 
rooms for the deck and engineer officers are fitted with 
thermostatically-controlled electric radiators, while the 
crew's quarters are heated by hot-water radiators fed 
from a calorifier heated by the main steam ; immersion 
heaters are fitted to the calorifier, however, so that the 
quarters can be heated from the shore supply when the 
boilers are shut down. 

Loaded sea trials were carried out on the Newbiggin 
measured mile during January of this year. In accord- 
ance with the usual custom for new superheated machin- 
ery, the temperature of the steam supplied to the main 
engine and the auxiliaries was reduced by the spra 
type desuperheater referred to previously. The trials 
were carried out in a choppy sea with a wind between 
force 7 and 8, the mean draught of the vessel being 
15 ft. 3 in. and the displacement, 2,700 tons. At an 
engine = of 87-25 r.p.m. and an indicated horse- 
power of 793, conditions slightly in excess of those 
required in service, the mean speed of a pair of runs 
was 10-642 knots. During the runs, the boiler 
was kept at 220 Ib. per square inch and the condenser 
vacuum at 27-25 in. of mercury, while the pressures 
in the high-, intermediate- and low- ure cylinder 
chests were 181 lb. per square inch, 57-5 and 8 Ib. per 
square inch, ively. The temperature of the 
steam at the superheater outlet was 700 deg. F., but, 
as previously mentioned, this was reduced to 520 deg. F. 
at the engine stop valve. The high-pressure exhaust 
temperature was 351 deg. F., while the intermediate- 
pressure and low-pressure steam-chest temperatures 
were 495 deg. and 265 deg. F., respectively. 





CONTRACTS. 


MESSRS. ASSOCIATED BRITISH OIL ENGINES, LIMITED, 
Duke’s-court, 32, Duke-street, St. James’s, London, 
S.W.1, have received orders for heavy industrial Diesel 
engines for shipment overseas. These include eight 
Mirrlees “TL 8” eight-cylinder engines rated at 420 
b.h.p., at 600 r.p.m., for direct coupling to GENERAL 
ELECTRIC COMPANY, LIMITED, alternators for the Indian 
Government ; two Petter “‘ SS 2” two-cylinder engines 
rated at 200 b.h.p., at 600 r.p.m., for Tanganyika; one 
Mirrlees ‘“‘ HFS 8 ” eight-cylinder turbo-charged engine 
rated at 1,320 b.h.p., at 375 r.p.m., direct coupled to an 
800-kW alternator for Cyprus ; and two Mirrlees “‘ TL 4” 
and two “TL 6” four- and six-cylinder engines rated 
at 210 and 315 b.h.p., at 600 r.p.m., coupled to 135-kW 
and 180-kW alternators, respectively, for supply to Iran. 


Messrs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, have received 
an order for two synchronous condensers for the New 
South Wales Railways. Each is rated at 20,000 kVA, 
11 kV, 50 cycles, three-phase, 1,000 r.p.m., and will be 
used in conjunction with aut tic voltage regulators 
for the regulation of voltage on the 66 kV side of step- 
down transformers at Carlingford terminal station. A 
132-kV transmission line connects the Carlingford station 
to the generating station at Lake Macquarie, some 70 
miles away. Each machine is started by means of a 
direct-coupled pony motor of the synchronous induction 
type, the excitation for the pony motor being derived 
from its own direct-coupled exciter. The condenser is 
also capable of providing 21,800 kVA at 12 kV, at zero 
lagging power factor, or 19,000 kVA at 10 kV, at zero 
leading power factor. 

MeEssrRs. BRITISH POLAR ENGINES, LIMITED, 139, 
Helen-street, Govan, Glasgow, S.W.1, have received 
orders from the North of Scotland Hydro-Electric Board 
for six 8-cylinder 450-b.h.p. engines, each to be coupled 
to 265-kW alternatorssupplied by the BRITISH THOMSON- 
Houston COMPANY, LIMITED. The Board have also 
Placed a contract for ten 8-cylinder 1,680-b.h.p. engines. 
An order from the National Coal Board is for two 5-cylin- 
der 290-b.h.p. engines, direct-coupled to 190-kW alter- 
nators supplied by BRUCE PEEBLES AND COMPANY, 
LIMITED. Other orders include two 6-cylinder 350-b.h.p. 
engines which will be direct coupled to 230-kW alter- 
nators manufactured by the GENERAL ELECTRIC Com- 
PANY, LIMITED, for Messrs. Charles Leatherborrow 
Company, South Africa; two 4-cylinder 230-b.h.p. 
engines, one for Buttermere Green Slate Quarries and 
the other for Wigglesworth and Company ; one 8-cylinder 
1,560-b.h.p. engine for the West Cambrian Electric 
Power Company, and one 5-cylinder 960-b.h.p. engine 
for Silley Cox and Company, Limited. 
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Garcke’s Manual of Electricity Supply, Including Also a 
Directory of Personnel Engaged in the Industry. 1948- 
1949 edition. Compiled under the editorship of 
FREDERICK ©. GARRETT. Electrical Press, Limited, 
23, Great Queen-street, London, W.C.2. [Price 63s. 
net.] 

The Water Engineer’s Handbook and Directory, 1949. 
Compiled by the staff of Water and Water Engineering. 
The Colliery Guardian Company, Limited, 30 and 31, 
Furnival-street, Holborn, London, E.C.4. [Price 15s. 
net.] 

Problems in Strength of Materials. By PRoFessor 8S. 
TIMOSHENKO and PROFESSOR GLEASON H. MAc- 
CuLLovueH. D. Van Nostrand Company, Incorporated, 
250, Fourth-avenue, New York 3, U.S.A. [Price 
40 cents.) Macmillan and Company, Limited, St. 
Martin’s-street, London, W.C.2. [Price 2s. 3d.] net. 

Ministry of Transport. Railway Accidents. Report on 
the Collision Which Occurred on 23rd November, 1948, 
at Bainton Public Level Crossing near Uffington and 
Barnack Station (London Midland Region, British 
Railways). [Price 3d. net.] Report on the Accident 
Which Occurred on 18th September, 1948, Between 
Codnor Park and Langley Mill in the London Midland 
Region of the British Railways. [Price 2d. net.] H.M. 
Stationery Office, Kingsway, London, W.C.2. 

Metallurgical Abstracts. General and WNon-Ferrous. 
Volume 14. 1947. Editor: Lirut.-CoLONEL S. C. 
GumLLAN. The Institute of Metals, 4, Grosvenor- 
gardens, Westminster, London, 8.W.1. [Price 60s.] 

Battlefronts of Industry. Westinghouse in World War ITI. 
By Davip O. WoopsurRy. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 3.50 dols.] Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
21s. net.) 

Introduction to Highway Engineering. A Textbook for 
Students of Civil Engineering. By PROFEssSCR JOHN H. 
BaTEMAN. Fifth edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 5.50 dolds.}] Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 33s. net.] 

Technology of Plastics: Manufacture, Structure, Design. 
By B. LIONEL Davies. Sir Isaac Pitman and Sons, 
Limited, Parker-street, Kingsway, London, W.C.2. 
[Price 37s. 6d. net.) 

Engineering Materials and Processes. By L. H. HANCOCK. 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 15s. net.] 

Engineering with Rubber. Edited by WALTER E. Burton. 
McGraw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 6.50 dols.] 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 39s.] 

Transactions of the Institution of Civil Engineers of 
Ireland. Volume 74. Session: June, 1947, to May, 
1948. Offices of the Institution, 35, Dawson-street, 
Dublin. 

An Introduction to the Science of Artificial Lighting. By 
R. O. ACKERLEY. E. and F. N. Spon, Limited, 57, 
Haymarket, Westminster, London, S.W.1. [Price 
12s. 6d. net.) 

Transactions of the Liverpool Engineering Society. Volume 
LXIx. Seventy-fourth Session: 1947-48. Edited 
by E. B. CoLE and J. CARLISLE. Liverpool Engineering 
Society, 9, The Temple, 24, Dale-street, Liverpool. 

Coal: Production, Distribution, Utilisation. Book pro- 
duced by the Coal Industry Society and the Institute 
of Fuel. Edited by P. C. Pore. Industrial News- 
papers, Limited, 49, Wellington-street, Strand, London, 
W.C.2. [Price 12s. 6d. net.] 

A Metallurgical Study of German Aircraft Engine and 
Airframe Parts. Part II. By the Aero Component 
Sub-Committee of the Technical Advisory Committee 
to the Special and Alloy Steel Committee. Arranged, 
in co-operation with the Committee, by CHARLES A. 
Otro, Editor of Metallurgia. The Kennedy Press, 
Limited, 31, King-street West, Manchester, 3. [Price 
10s. 6d. net.) 

Crimp and Bruges’ Tables and Diagrams for Use in 
Designing Sewers and Water Mains. Reprint of the 
second, revised, edition. Revised by W. E. BruGEs. 
The Sanitary Publishing Company, Limited, 8, Bream’s 
Buildings, Chancery-lane, London, E.C.4. [Price 
42s.] 

Watch Escapements. Third edition. By Dr. James C. 
PELLATON. Being Part II of A Course in Horology, 
for use in the Swiss Horological Schools. English 
translation by S. Paris. Edited by DONALD DE CARLE. 
N.A.G. Press, Limited, 226, Latymer-court, Hammer- 


smith, London, W.6. [Price 10s. 6d.] 
The Story of Coal. By D. SUTHERLAND. The Burke 
Publishing Company, Limited, 180, Fleet-street, 


London, E.C.4. [Price 7s. 6d. net.] 

Clerk of Works Manual. By G. W. Harris. Crosby 
Lockwood and Son, Limited, 39, Thurloe-street, South 
Kensington, London, S.W.7. [Price 7s. 6d. net.] 





PERSONAL. 


Dr. T. W. PARKER, M.Sc., F.R.1.C., has been appointed 
Deputy Director of Building Research in the Department 
of Scientific and Industrial Research with effect from 
March 1. 


Mr. K. G. Smuar, M.I.E.E., A.M.I1.C.E., has been 
appointed Regional Controller of the Board of Trade 
for the Northern Region and took up his duties at 
Newcastle-upon-Tyne on April 11. Mr. Sillar, who has 
been deputy Regional Controller for Scotland since 1945, 
is the successor of the late Mr. J. G. RHODES. 


Mr. A. H. WATERFIELD, B.Sc. (Lond.), A.R.S.M., 
formerly a principal scientific officer, Ministry of Supply, 
and during the past year secretary of the Inter-Service 
Metallurgical Research Council, has been appointed 
Scientific Attaché at H.M. Embassy in Paris. The 
appointment has been made by the Department of 
Scientific and Industrial Research acting in agreement 
with the Foreign Office. 


Mr. W. F. BRAZENER, J.P., F.I.M., has been elected 
chairman of the Cold Rolled Brass and Copper Associa- 
tion. 


PrRoFEsSsOR J. NEILL GREENWOOD, D.Sc. (Manc.), 
M.Met.E. (Melb.), Baillien Research Laboratory, Univer- 
sity of Melbourne, who has acted as honorary correspond - 
ing member to the Council of the Institute of Metals, for 
Australia, for the past 23 years, has relinquished that 
office. Proressorn H. K. WorNER, D.Sc. (Melb.), 
Metallurgy Department, University of Melbourne, has 
been appointed to succeed Professor Greenwood. 


Mr. G. T. CALLIs, B.Sc. Tech. (Manc.) has resigned 
his post on the metallurgical staff of J. Stone and Com- 
pany, Limited, and has been appointed chief metallur- 
gist to the Manganese Bronze and Brass Company, 
Limited, Birkenhead. 


Mr. C. E. Knieut is relinquishing the position of 
assistant director of the Combustion Engineering Asso- 
ciation, 24, Tottenham Court-road, London, W.1, which 
he has held for the past 2} years, to take up a post in 
the London office of Messrs. Davidson and Company, 
Limited, Sirocco Engineering Works, Belfast. Mr. 
Knight has also held the position of secretary of the 
Underfeed Stoker Makers’ Association. 


Mr. A. N. BUTLAND, hitherto divisional engineer, 
British Railways, Western Region, Taunton, has been 
appointed divisional engineer, Bristol. Mr. S. STEVENS, 
formerly assistant divisional engineer, Paddington, has 
been made divisional engineer, Newport. 


MESSRS. DEWRANCE AND COMPANY, LIMITED, announce 
that Mr. J. W. PLowMan, formerly sales manager, has 
been appointed genera] manager of their Dumbarton 
Works, as and from April 1. Mr. B. S. Bass, formerly 
assistant sales manager, has been appointed sales 
manager. 

Mr. H. BurKE, M.I.Mech.E., M.I.P.E., has been 
elected President of the Birmingham Section of the 
Institution of Production Engineers, in succession to 
Mr. F. B. Ware, M.I.P.E.. who has been elected vice- 
chairman. Mr. A. J. MANSELL, A.M.I.P.E., 204, Alcester- 
road South, Birmingham, 14, has been re-elected honorary 
secretary of the Section. 


Mr. F. Gurney, M.I1.E.E., sales manager, plant 
department, Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, 17, has been 
appointed assistant manager, home sales. Mr. F. J. B. 
Barry, hitherto assistant sales manager, has succeeded 
Mr. Gurney as sales manager, plant department. 


Mr. G. E. BEHARRELL, managing director, Dunlop 
Rubber Company, Limited, has been re-elected President 
of the Tyre Manufacturers’ Conference. 


Messrs. CRAVEN BROTHERS (MANCHESTER) LIMITED, 
Vauxhall Works, Reddish, Stockport, announce that 
following the death, on April 4, of Mr. J. CLARE, M.I.P.E., 
their sales engineer for Yorkshire and the North-East 
Coast during the past 14 years, the office occupied by 
him at 38, Church-street, Sheffield, is to be discon- 
tinued. All inquiries for plant or service should now be 
forwarded to Reddish. 


Messrs. J. H. FENNER AND COMPANY, LIMITED, are 
removing their London branch office from 24-26, London 
Bridge-street, to larger premises at V-Belt House, 70-74, 
Union-street, Southwark, London, S.E.1, on April 25. 


Messrs. THOMAS DE LA RUE AND COMPANY, LIMITED; 
announce that.the business of their two wholly-owned 
plastics subsidiaries, Messrs. DE LA RUE INSULATION 
LIMITED, and Messrs. Hitt, NORMAN AND BEARD 
PLastics, Limirep, has been transferred to the parent 
company and both businesses are now operating as 
Messrs. THoMas DE LA RUE AND COMPANY, LIMITED, 
(PLASTICS DIVISION), 84, Regent-street, London, W.1. 
Messrs. DE LA RUE EXTRUSIONS, LIMITED, and MESSRS. 
DE LA RUE FLOORS AND FURNISHINGS, LIMITED, how- 
ever, will continue as previously, as they are not wholly- 
owned subsidiaries of the parent company. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.— Buoyancy remains the keynote of ingot 
production, and a e of confidence permeates the 
industry with regard to 1949 prospects even at this early 
stage of the year. Home scrap collections are fairly 
satisfactory, while additional imports from Germany are 
being unloaded regularly at the docks. Heavy cast-iron 
scrap deliveries are also adequate, and pig-iron output is 
steadily maintained, while the position is strengthened 
by imports from France and Holland. The demand for 
steel products from home consumers shows no appreciable 
sign of slackening, and indeed is definitely expanding in 
the case of sheets, with fresh business difficult to place. 
Heavy plates are moving steadily into the shipyards, but 
still more could be comfortably accepted by a number of 
builders, who have many new hulls on the stocks and 
several large reconstruction works in hand. Bars and 
sections are also a strong section, but an improvement in 
billet supplies is necessary to overtake the demand. Re- 
rollers are fairly well supplied having regard to the 
general supply, while those who can. utilise re-rolling 
scrap materials are finding a useful quantity available for 
that purpose. The following are indicative of the new 
prices ruling in the Central Zone of Scotland :—Steel 
ship plates j in. basis, 201. 148. 6d. (old price 181 11s. 6d.) ; 
plates 4 in. and thicker rolled in a sheet mill, 261. 3s. 6d. 
(231. 38. 6d.); re-rolled steel bars, untested, 221. 68. 
(201. 58.) all per ton delivered at consumer’s nearest rail- 
way station, or, by water, alongside wharf. 


Scottish Coal.—Outputs remain considerably below the 
target for the Division, principally on account of sporadic 
strikes, of which the majority have occurred in Lanark- 
shire, losses, for a period, amounting to over 2,000 tons a 
day. Coincidental with a resumption at Kingshill Col- 
liery, last week, Cardowan Colliery, near Glasgow, ceased 
operations resulting in a loss of 1,650 tons of gas and 
household coal per day for a time. The effect is now 
being felt at gas works and coke-ovens, where in some 
cases reserves are meagre, but outside assistance has eased 
the stringency to some extent. The pressure for domestic 
supplies is less intense following the moderation in pre- 
vailing temperatures, but private and depot stocks are 
very low. Railway tonnages require supplementing to 
restore reserves to a more normal condition. Industrial 
and steam coals are in rather better supply, although 
stocks need general consolidation. Graded fuel requires 
augmenting. Generating stations and steelworks are 
fairly well supplied, but other industrial users are eager 
to improve the level of their stocks. An allocation of 
9,000 tons of gas coke to Denmark, for the current 
quarter, has been fixed. 








NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Goal Trade.—Although output of Welsh 
coals m the years between 1938 and 1948 has declined 
from 35,292,800 tons to 22,479,930 tons, deliveries to 
inland consumers have increased. The decline in exports 
is obvious from these figures and the position has con- 
tinued to give rise to a great deal of concern to local 
shippers. Last year the amount of coal shipped overseas 
—both as cargo and bunkers—amounted to a little over 
3,700,000 tons against about 17,000,000 tons in 1938, 
and fears have been entertained that South Wales might 
be permanently barred from markets which, before the 
war, took almost the whole of their coal requirements 
from this district. It has been pointed out that, in a 
number of instances, coals from the North East coast 
were being sent to such markets and it has been suggested 
that coals from other coalfields should be substituted 
for Welsh coals sent to inland users so as to release a 
larger quantity for export. The Regional Coal Board, 
however, state that, for a long period, some inland users 
have been switched from Welsh to other coals and they 
point to the fact that, as a result of this, more than 
1,000,000 tons extra Welsh coals were shipped last 
year. Trading conditions on the market remained very 
difficult throughout the past week. Inland demand, 
particularly from the high priority users, has been main- 
tained at a very high level and, with no sign of any 
easing, the position is very difficult. Already most 
operators hold sufficient business to absorb whatever 
coal becomes available over the next month. There has 
been a steady export trade conducted chiefly with 
France, Portugal and Italy, and limited quantities are 
going to other European countries and to Eire. Bunkers 
have been extremely difficult to secure, while patent 
fuel has continued to be keenly sought after; cokes 
have also been well sold. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the increased activity in tin-plate trans- 
actions was well maintained and a fair volume of business 
concluded with both home and overseas consumers. 
Steel sheets continue in exceptionally strong demand 
which makers are unable completely to satisfy. Iron and 
steel scrap is sought after by consumers. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Steel production has been maintained 
at a high level and fuller deliveries of slabs and billets 
have been made to the rolling mills and forges. The 
supply of sheet and bar is not quite so short as it was. 
Some steelmakers maintain that new business is not 
coming forward as freely as some little time ago, but 
others report no decline. Especially busy are makers of 
iron- and steel-works plant and machinery, and all 
colliery-engineering equipment. There is a good current 
demand for colliery steel props and arches, screening 
plant and manganese-steel wheels and axles. Forgings 
and castings for the building and repair of railway 
locomotives and rolling stock are in sustained request, 
and there is a constant call for wheels, axles, buffers and 
springs. For gold and tin mines in various parts of the 
world, there is a satisfactory demand for dredger buckets 
and spares, a branch of industry which now meets with 
more vigorous competition from United States and 
Australian steelworks. Among new steels being de- 
veloped, ip addition to those for jet engines, are special 
steels for use in connection with atomic-energy applica- 
tions. Stainless-steel demands continue to be much in 
excess of the supply, especially in the form of stainless- 
steel sheets, the facilities for rolling which are being 
extended. 

South Yorkshire Coal Trade.—A decline in absenteeism 
at several pits has caused an improvement in outputs, 
which, in some cases, have exceeded targets. More coal 
has been allocated to the railways in preparation for the 
Easter-holiday traffic. Coking-coal allocations have been 
more ample, the aim being to tide coke works over the 
holiday period. House coal moves fairly freely ; some 
best qualities are going abroad for gas-making purposes. 
Coke is active and patent fuel is in good request. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The financial adjustment to the 
changed conditions in the iron and steel industries neces- 
sitated by the termination of Government subsidies and 
the consequent authorisation of advances in fixed market 
values has been accomplished with a minimum of dis- 
turbance. Customers’ requirements are enormous and 
though they are extensively bought they are prepared to 
enter into further contracts for delivery over any period 
that can be arranged. An expansion in production of 
nearly all commodities is needed to enable manufacturers 
to deal satisfactorily with delivery obligations but 
obstacles to a material increase in tonnage output are still 
formidable. The yield of the Cleveland ironstone mines 
improves only slowly and the better imports of high- 
grade overseas iron ores does not meet consumers’ 
demands. A higher production of pig iron is greatly 
needed but this cannot be achieved until more ore and 
coke are available for blast-furnace use. Semi-finished 
and finished commodities are eagerly taken up as they 
become deliverable. In the general revision of prices the 
fixed maxima for iron and steel scrap are unchanged and 
the steel works demand for this material continues at a 
very high level. 

Foundry and Basic Iron.—Ironfounders still experi- 
ence much difficulty in obtaining enough cast iron, of a 
quality they require, to deal with essential current needs. 
Midland furnaces are now almost the only source of supply 
of ordinary foundry pig. The hope of the resumption of 
make on Tees-side appears to have been abandoned. 
North-East coast consumers are thus dependant on sup- 
plies from a considerable distance and deliveries are not 
always on an altogether satisfactory scale. The entire 
production of the basic blast furnaces continues to move 
jnto immediate use at adjoining consuming plants. 

Hematite, Low Phosphorous and Refined Iron.—Regular 
customers for East-Coast hematite eagerly take up 
available parcels and are pressing persistently for larger 
quantities than are coming to hand. Outputs of low 
and medium phosphorous irons barely cover the pressing 
needs of consumers and an enlargement of make is ex- 
pected so soon as conditions justify a movement in that 
direction. Refined-iron firms are actively engaged and 
have plenty of outlets for their products. 

Manufaclured Iron and Steel.—The branches of indus- 
try turning out semi-finished and finished iron have good 
contracts to execute and the prospective requirements of 
customers promise to maintain plants actively engaged 
well into the second half of the year. All descriptions of 
steel continue in strong request. Producers of steel 
semies are providing users with larger parcels of much- 
needed commodities but the continuation of the substan- 
tial imports of foreign materia] is necessary to maintain 
re-rolling mills in full operation. The demand for sheets 
is still world-wide and, under present conditions, can be 
satisfied only partially. The call for shipbuilding 
requisites is much greater than can be met, and rail mills 





are running at high pressure on home and export orders. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





ROYAL METEOROLOGICAL SocreTy.—Wednesday, April 
20, 5 p.m., 49, Cromwell-road, South Kensington, S.W.7. 
Symons Memorial Lecture on “‘ Waves and Swell,” by 
Dr. G. E. R. Deacon. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Southern 
Centre: Wednesday, April 20, 6.30 p.m., Technical 
College, Brighton. ‘‘ The Testing, Reconditioning and 
Servicing of Domestic Appliances,” by Mr. H. Hobbins. 
London Students’ Section : Wednesday, April 20, 7 p.m., 
Victoria-embankment, W.C.2. Film on “ Atomic Phy- 
sics.” Institution: Thursday, April 21, 5.30 p.m., 
Victoria-embankment, W.C.2. Fortieth Kelvin Lecture : 
“* Semi-Conductors and Rectifiers,” by Professor N. F. 
Mott. Monday, April 25, 5.30 p.m.. Discussion on 
“The Field for Battery Vehicles,” opened by Mr. J. H. 
Johnson. Thursday, April 28, 5.30 p.m., ‘“‘ The Motor 
Uniselector and Its Application in Telecommunications,” 
by Mr. W. H. Grinsted. Measurements Section: Tues- 
day, April 26, 5.30 p.m., Victoria-embankment, W,C.2. 
Discussion on “‘ Apparatus for Limitation of Maximum 
Demand,” opened by Mr. A. H. Gray. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section : Wednesday, April 20, 7 p.m., James Watt 
Memorial Institute, Birmingham. “ Education of the 
Production Engineer,” by Mr. T. B. Worth. Edinburgh 
Section : Wednesday, April 20, 7.30 p.m., North British 
Station Hotel, Edinburgh. ‘“‘ Electronics in Industry.” 
by Mr. P. H. Briggs. Also at the Glasgow Section: 
Thursday, April 21, 7.30 p.m., 39, Elmbank-crescent, 
Glasgow. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Manchester Branch: Wednesday, April 20, 7 p.m., 
Engineers’ Club, Manchester. ‘“‘ The Supervising Elec- 
trical Maintenance Engineer,” by Mr. W. C. Ninnim. 


INCORPORATED PLANT ENGINEERS.—Bristol Branch : 
Wednesday, April 20, 7.15 p.m., Grand Hotel, Bristol. 
** Routine Inspection and Maintenance of Compressed -Air 
Plant,” by Mr. E. C. Mills. 

INSTITUTION OF MINING AND METALLURGY.—Thursday» 
April 21, 5 p.m., Geological Society, Burlington House: 
Piccadilly, W.1. ‘“‘ Recovery of Sulphur from Smelter 
Gases by the Orkla Process at Rio Tinto,” by Mr. H. R. 
Potts and Mr. E. G. Lawford. 

Society OF CHEMICAL INDUSTRY.—Road and Building 
Materials Group: Thursday, April 21, 6 p.m., 1, Gros- 
venor-place, S.W.1. ‘“‘ Concrete Road Jointing Mate- 
rials,” by Mr. R. S. Millard. 

INSTITUTION OF MECHANICAL ENGINEERS.— Midland 
Branch: Thursday, April 21, 6 p.m., James Watt 
Memorial Institute, Birmingham. “ Standardisation 
and Management,” by Dr. H. E. Merritt. Industrial 
Administration and Engineering Production Grovp and 
North-Western Branch: Thursday, April 21, 6.45 p.m., 
Engineers’ Club, Manchester. ‘‘ Control of Production,” 
by Mr. S. V. Lister. Institution: Friday, April 22, 
Storey’s-gate, St. James’s Park, S.W.1. 5 p.m., Annual 
Meeting of the Benevolent Fund. 6 p.m., James Clayton 
Lecture on “‘ Invention and the Sifting-Out of Engineering 
Facts,” by Dr. E. G. Bailey. Friday, April 29, 6 p.m., 
Presentation of James Watt International Medal to 
Dr. Fredrik Ljungstrém and special lecture by him. 
AUTOMOBILE Division. Western Centre: Thursday, 
April 21, 6.45 p.m., Royal Hotel, Bristol. ‘“‘ Fuel 
Systems for the Aero Gas Turbine,” by Dr. E. A. Watson. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.— 
Thursday, April 21, 6.30 p.m., Royal Society of Arts, 
John Adam-street, W.C.2. ‘“‘ Pistons and Rings,” by 
Mr. J. L. Hepworth. North-East Centre: Thursday, 
April 21, 7 p.m., Hotel Metropole, Leeds. Annual 
Meeting. Midlands Centre: Friday, April 22, 7 p.m., 
Crown Inn, Broad-street, Birmingham. ‘“‘ Petrol Injec- 
tion for Road Vehicles,” by Mr. W. E. Nicolls. 

RoyaL AERONAUTICAL SocrETy.—Thursday, April 21, 
7 p.m., Municipal College, Portsmouth. “‘ High Lift 
Devices and Their Use,” by Mr. R. R. Duddy. 

INSTITUTION OF CHEMICAL ENGINEERS.—Friday, 
April 22, May Fair Hotel, Berkeley-street, W.1. Annual 
Meeting. 11 a.m., Business Session for Corporate 
Members only. 12 noon, Presidential Address on 
“ Scientific Communication,” by Mr. H. W. Cremer; 
7 for 7.30 p.m., annual dinner. 

RoyAL Society OF ARTS.—Monday, April 25, 6 p.m., 
John Adam-street, W.C.2. ‘“ Advances in Marine 
Engineering Science,”” by Mr. H. C. Walker. 


mM 





CALENDAR.—Messrs. Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester, have 
sent us a monthly tear-off wall calendar, which is current 
from April, 1949, to March, 1950. 








ENGINEERING. 





APRIL 


15, 1949. 














APPARATUS AT THE™~ PHYSICAL SOCIETY’S EXHIBITION. 


(For Description, see Page 337.) 
































Fie. 16. Utrrasonic GENERATOR ; MULLARD ELECTRONIC 


Propucts, LiMrrep. 


Fie. 17. 


VALVE-MAINTAINED TuntnG Fork; Messrs. MUIRHEAD AND 


Company, LiMiTED. 








Fie. 18. 


STAINLESS-CLAD STEEL FOR 
GATES OF DAM. 


Tue United States Army Engineer Corps, which is 
responsible for much civil-engineering work carried 
out in America, have recently placed an order with 
the Metal Products Division of the Koppers Com- 
pany, Incorporated, Baltimore, Maryland, for 26 dam 
gates, each of which is to weigh 35 tons and is to be 
faced with stainless-clad steel. The gates are intended 
for the new Conemaugh River Dam in Western Penn- 
sylvania, and will be used for controlling the waters 
of the river during spring flood seasons. The reason 
for the adoption of the stainless-steel facing is the high 
degree of acidity of the river water, much of which 
comes from mines in the area. The faces and all 
parts of the gates coming into contact with the con- 
taminated waters will be constructed of plate 1 in. in 
thickness, the outer surface, to a depth of } in., consisting 
of the stainless-steel cladding. The cylinders which 
will operate the gates will be of welded construction 
and the finished weight of each will be nearly five tons. 


ELEcTRoN Microscope ; Patties ELECTRICAL LIMITED. 





























| All welds in the cylinders will be systematically tested 
It | 
| severe attack to which they had been subjected by 
| the corrosive waters of the river, and stainless-clad 


for soundness by X-ray methods before dispatch. 
is stated, in a recent issue of The Iron Age, which 
contains particulars of the order, that the cost of the 
gates will be in the neighbourhood of 1,237,000 dols., 
and that the contract provides for their delivery 
within a period of 12 months. 

The Conemaugh River Dam is one of a series of 
works now being built by the Army Engineer Corps to 
prevent a recurrence of disastrous spring floods which 
have caused widespread damage in Pittsburgh and 
other Western Pennsylvania and Ohio cities and town- 
ships. It is stated that for long periods in each 
year the 26 gates, which, incidentally, are to be installed 
in tandem, will be open, only a sufficient number of 
them being closed to maintain a minimum pool level 
of water. In the spring when the thaw sets in, or at 
other times when flood conditions threaten the areas 
below the dam, the gates will be closed. We understand 
that the only other dam to be fitted with stainless-clad 
steel gates is the Loyalhanna Dam, also situated in 
Western Pennsylvania and built by the Army Engineer 








Fie. 19. Gas-LeEax Detector ; British THomson-Hovuston Company, 


LimITED. 


Corps. Originally faced with plain carbon-steel plate, 
the gates were subsequently removed on account of the 


steel plates were substituted. The new plates were 
furnished by the Koppers Company. 

Another relatively large order for stainless steel, 
recently placed by the United States Army Engineer 
Corps, is for 400 tons of stainless-steel wire. According 
to the current issue of The Nickel Bulletin, a publication 
issued by the Mond Nickel Company, Limited, London, 
the wire is for use as reinforcement and tie wires for 
concrete mats for the Mississippi River flood-control 
scheme. 





THE ENGINEERS’ GUILD.—At a meeting convened by 
the Engineers’ Guild, 28, Victoria-street, London, 8.W.1, 
and held in Leeds on April 7, it was unanimously agreed 
to establish a North-Eastern Branch of the Guild with 
headquarters in Leeds. A provisional committee has 
been elected to deal with the development of the new 
branch. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 


Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 











SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the sateen 
of Canada vs 10 0 

For Canada 4 5 0 

Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 


ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The chargé for advertisements classified under the 
headings of ‘Appointments Open,” “ Situatiens 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 


TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first a Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to pal 
proofs for approval. 

The Proprietors will not hold themselves res 
for advertisers’ blocks left in their possession 
than two years. 
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INDEX TO VOL. 166, 


The Index to Vol. 166 of ENGINEERING 
(July-December, 1948) is now ready and will 
be sent to any reader, without and 
postage paid, on application being made to the 
Publisher. In order to reduce the consump- 
tion of MF sai copies of the Index are 
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THE AGRICULTURAL- 
TRACTOR INDUSTRY. 


THERE are more than seven million farms in the 
United States, as compared with less than 300,000 
in England and Wales. According, however, to a 
survey made by the Trade Relations Research 
Bureau in 1946, and dealt with in our issue of 
September 6 of that year, the number of acres per 
tractor devoted to the cultivation of cereals, 
potatoes, and sugar beet was 50 in Great Britain 
and 109 in the United States. These comparative 
figures, showing a tractor density more than twice 
as great in this country, suggest that the United 
States has so much leeway to make up that it can 
have few tractors available for export. There 
are three reasons why this deduction would not be 
true; one is that the survey was concerned with 
only a limited range of crops, the second that the 
horse-power capacity of the respective fleets of 
the two countries was not taken into account, and 
the third that no allowance was made for the more 
effective use which can be made of tractors on the 
larger fields associated with American farming 
practice. So far is home demand from absorbing 
the whole capacity of the United States tractor 
industry that, in 1946, 54,055 tractors were 
exported, representing some 22 per cent. of manu- 
facturers’ sales. 

Although the number of tractors employed is 
not a complete indication of farm mechanisation, 
it forms a convenient and probably fairly accurate 
measure of comparison, and on this basis Great 
Britain has the most highly mechanised farming 
industry in the world, with the exception only of 
New Zealand. The acres per tractor in the latter 
country is given by the Trade Relations Research 
Bureau as 36; the figures of 50 and 109 for this 


country and the United States have already been 
quoted. The next country on the list is Switzerland 
vith 110. The great increase in the use of tractors 
in this country has taken place since 1939. A 
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as 50,000 ; according to a report* prepared by PEP 
the number in use in January, 1948, was 261,180. 
As is well known, on the outbreak of war, the 
policy of the Government encouraged farm mechani- 
sation in order to increase the supply of home-grown 
food and considerable imports of tractors were 


arranged for. Home production was hampered by 
most of the factories normally engaged on tractor 
production being diverted to tank manufacture. The 
main exception was furnished by the Ford Company, 
who produced 120,000 out of the 128,000 tractors 
manufactured in Great Britain from 1940 to 1944. 
From the general review of the agricultural machi- 
nery industry, given in The Engineering Outlook 
article on page 51, ante, it will be clear that other 
manufacturing plants of large capacity are now in 
operation. Imports have not yet ceased, in spite 
of dollar difficulties, but are now far below the 
25 to 30 per cent. which ruled during the war ; 
in 1947, 59,000 tractors were produced for the 
home market and 1,370 were imported. 

The questions which must engage the attention 
of manufacturers of tractors and other types of 
agricultural machinery are whether the high degree 
of mechanisation which has been attained in Great 
Britain leaves room for still more equipment on an 
important scale ; what is likely to be the replacement 
demand; and what are the long-term export 
prospects. The careful analysis of the whole 
position which is contained in the PEP report 
will be of value not only to manufacturers but also 
to official circles which, by means of controls and 
other activities, now exercise considerable influence 
on the operation of most manufacturing industries. 
Estimates of the final number of tractors which will 
represent the more or less complete mechanisation 
of British farming must necessarily be somewhat 
speculative. The curve published by the Trade 
Relations Research Bureau, showed a steady rise 
in total numbers of tractors from 1939 to 1945, 
and if the figures for 1946 and 1948 given in the 
PEP report are added to it, the slope indicating 
increase shows a continuing rise. Obviously, this 
cannot continue indefinitely. The National 
Farmers’ Union, as a result of a careful survey 
carried out in 1945, estimated the “ ultimate stock ”’ 
at 315,000. A figure of this order is accepted by 
the compilers of the PEP report, who add that it 
would be rash to expect a rise much above 300,000. 
As the output of agricultural tractors in Great 
Britain was at the rate of 100,000 a year in the 
first half of 1948, it is clear that the new business 
represented by the difference between 300,000 and 
261,180 (the number in use in January, 1948) will 
quickly be met and it would appear on the basis 
of these figures that the home market must be 
approaching a state of saturation as far as new 
business is concerned. In these circumstances, the 
average life of a tractor, and consequently the rate 
of replacement, will be the main factor in determin- 
ing the magnitude of tuture home demand. The 
National Farmers’ Union, in 1945, placed the 
life of three- and four-wheel tractors at 7-8 years, 
and on that basis, estimated the numbers necessary 
to maintain stocks at the 1944 level as 20,150 per 
year. These figures do not include the track-laying 
and market-garden tractors. As present stocks 
are half as much again as those of 1944, this figure 
would be considerably increased. The replacement 
demand for all types of tractors is estimated by 
PEP at 34,000 a year. 

For a detailed consideration of this matter refer- 
ence must be made to the report; the question is 
complicated by the fact that different periods of 
useful life are attributed to different types of tractor, 
track-laying tractors being credited with 8 years 
and market-garden tractors with 5-7 years. What 
is quite clear is that the manufacturing capacity 
of the industry is greatly in excess of the require- 
ments of the British market. In the Engineering 
Outlook article it was pointed out that the Standard 
Motor Company were producing at the rate of 5,500 
tractors a month by August, 1948, and the Ford 
Motor Company at the rate of 80 a day; these 
two companies together were responsible for 
82,430 tractors in the first three months of 1948. 








* PEP Engineering Reports I. Agricultural Machi- 
nery. PEP (Political and Economic Planning), 16, 
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diagram published by the Trade Relations Research 
Bureau showed the tractors employed in that year 
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In addition, David Brown (Tractors), Limited, 
were delivering 3,500 a year. The PEP report 
contains much detailed information on this subject. 
It is stated that the planned output of the Standard 
and Ford Companies represents a combined total of 
180,000 tractors a year, other makers bringing 
the figure up to 200,000. It is not clear if this total 
includes the projected output of the Nuffield 
Organisation or of the American companies who 
are establishing plants in this country ; the Inter- 
national Harvester Company of Great Britain in- 
tend to manufacture 3,300 tractors a year. 

This very extensive industry which has been 
created in a comparatively few years, must look 
to export markets to absorb an important part of 
its output and its prospects can only be judged by 
an examination of overseas manufacturing capacity 
and market prospects. The PEP report devotes 
considerable space to the subject. In 1946, manu- 
facturers in the United States sold 307,300 tractors 
of all types; 54,055, or some 17 per cent., were 
exported. This figure is nearly twice as great as 
the number of agricultural tractors produced in 
Great Britain in that year; 18,250 market-garden 
tractors were also manufactured, but it is probably 
mainly in the heavier agricultural type that foreign 
competition has to be met. Production in this 
country has greatly increased since 1946 and exports 
of tractors, by weight, were more than four times as 
great in 1948 as in 1946. 

At one time, Germany was an important exporter, 
and in 1938 accounted for 9-1 per cent. of the agricul- 
tural machinery exports; this competition has 
ceased entirely but the possibility of its ultimate 
revival must not be overlooked. The position held 
by France in 1938 was the same as in 1947 at 2-1 
per cent.; there was considerable falling off in 
the intermediate years, but improvement appears 
to have set in in 1945. It is clear that the United 
States is the main competitor in the international 
market, but Canada is also assuming an important 
position as a manufacturer; five projects for 
tractor manufacture in that country have been 
announced and the works being established by the 
International Harvester Company are expected to 
reach an output of 8,000 to 10,000 machines a 
year by 1950. At present, Canada is an important 
customer of the United States and published figures 
suggest that British manufacturers have difficulty 
in establishing themselves in that market; in 
1938, we sold 900 tractors to Canada and the 
United States sold 13,500. 

The Ford Major tractor is rated at about 30 h.p. ; 
the David Brown at 25 h.p.; and the Ferguson at 
24 h.p. Machines of this capacity are suited to 
farming conditions in this country, and it is natural 
that much of the available manufacturing capacity 
should have been devoted to their production. 
Medium-power tractors are also favoured in Western 
European countries. A report prepared by the 
Committee of E Economic Co-operation 
placed the total requirements of the “‘ Marshall ” 
countries, excluding Great Britain, at 130,000 
tractors and an important proportion of British 
output is going to these countries. The same 
report gave the total requirements of South America 
as 33,000 tractors and of Australasia as 20,000. 
The PEP report suggests that in these latter markets 
there is an important demand for machines of larger 
capacity. It states that in 1937, 65 per cent. of the 
total value of the tractors exported by the United 
States was for “‘ wheeled machines of over 32 h.p. 
and tracklayers combined.” This proportion does 
not seem to have been maintained in later years 
judging by a table given in the report. This 
shows that, in 1946, out of 54,055 tractors exported, 
of the all-purpose type used for row work, 636 were of 
35 belt b.p. and over ; of ‘‘ other than all-purpose,” 
4,880 were 35 h.p. and over; the total number 
of tracklaying tractors was 1,742. Whatever may 
be the proportionate demand for more powerful, 
and tracklaying, tractors, there is evidently a 
market for these types. It is not being ignored in 
this country ; the Nuffield Organisation is producing 
a 35-h.p. tractor and Marshall, Sons and Company 
a 40-h.p. model. John Fowler and Company 
(Leeds), Limited, which is now owned by Marshall’s, 
is stated to be the only manvfacturer of track-laying 
tractors in this country. 


DISTRICT HEATING ON 
AMERICAN HOUSING 
Yr > > ESTATES 7 ee _ 

THE greatly increased cost of coal in Great Britain, 
the difficulty, or impossibility, of obtaining domestic 
help for the average household, and a growing 
interest in the reduction of atmospheric pollution 
caused by domestic smoke, have resulted in the 
development of various appliances designed to 
supersede the open coal-burning grate and to 
encourage the use of smokeless fuels. Some progress 
has been made in the installation of improved 
grates but open coal-burning fires are still the rule 
and the use of smokeless fuel is not encouraged by 
the fact that gas coke is in short supply and is more 
expensive than coal. In order to study domestic- 
heating practice in the United States and Canada 
and possibly obtain information which might be 
usefully applied here, a technical mission represent- 
ing the Ministry of Fuel and Power, the Building 
Research Station and the Fuel Research Station 
visited those countries in the winter of 1944-45. 
The mission reported that the whole question of 
domestic heating is looked at from an entirely 
different point of view across the Atlantic from what 
it is in this country. It is taken as a matter of 
course that any appliance, or appliances, provided 
shall heat the whole of a house, not individual rooms, 
and shall maintain them at a temperature consider- 
ably bigher than is considered necessary here, even 
for living rooms. Some account of the report 
presented by the technical mission was given in our 
issue of January 24, 1947, and it is not necessary to 
refer to it further here other than to point out that 
a later report which deals with the district heating 
of housing estates must, in as far as it concerns the 
internal arrangements of small houses, be read in 
conjunction with the earlier one. 

The question of district heating has been the 
subject of considerable discussion in this country in 
recent years, and various proposals, still apparently 
of a somewhat nebulous nature, have been made 
that it shall be employed in some of the new towns 
which are to be built, or in existing town areas which 
were devastated by bombing during the war. In 
these circumstances, it was commendable that the 
Ministry of Fuel and Power should arrange for a 
further technical mission, representing itself, other 
interested Ministries and the consulting engineering 
profession, to visit the United States and report on 
district-heating practice in that country, particu- 
larly in its application on housing estates, on which 
it has been extensively employed. The report* of 
the mission is a valuable and instructive document. 

District heating has long been applied in the com- 
mercial centres of large towns in the United States 
and it is possibly for that reason that steam heating 
is the rule, although some recent installations 
employ a hot-water system. When district heating 
is being installed in a congested town area it may 
be difficult to find room for the mains in streets 
occupied by gas pipes, electric cables, sewers and 
other services and, as with steam heating no attempt 
is made to collect condensate, only one main is 
necessary as compared with two for a hot-water 
system. Another consideration favouring steam 
heating is that the costs of pumping hot water to 
the upper stories of the tall buildings characteristic 
of American cities are avoided. The town systems 
are operated by commercial companies, frequently 
those engaged in electricity supply. The report 
comments on the value of these installations in 
reducing the smoke nuisance; “highly indus- 
trialised Detroit, where 80 per cent. of the com- 
mercial buildings are connected, is astonishingly 
clean.” 

The district heating of housing estates, with which 
the mission was more particularly concerned, has 
developed from these city schemes and is of rela- 
tively recent growth. To a large extent it owes 
its origin to the entry of the Federal Government 
into the housing field as part of its plans for recovery 
after the slump of 1929-1932. The Federal Housing 
Administration which was set up affords financial 


* National Building Studies. Special Report No. 7. 
District Heating in American Housing. H.M. Stationery 
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assistance both to private individuals, companies 
and local authorities, but it is naturally mainly in 
connection with housing schemes carried out by the 
two latter that district heating has been applied. Of 
175 housing projects assisted by the Administration 
up till June, 1946, 123 were served by district heat- 
ing. These assisted schemes do not, however, 
represent the whole extent of the application of 
district heating. In particular, many important 
developments have been carried out on a commercial 
basis. In 1948, there were 69 municipally-owned 
plants and 207 operated by private companies. 
They are scattered over the whole of the United 
States but the main concentration is in the north- 
eastern area. 

The district-heating schemes vary in size from 
130 to over 2,000 dwellings. Large housing 
estates are in some cases subdivided into sections, 
each served by a separate boiler house. The reason 
for this appears to be that at the start it was uncer- 
tain whether the whole of the project could be 
carried out. As already mentioned, steam heating is 
generally employed. Both high-pressure and low- 
pressure plants are in operation. In the former, 
steam is generated at 75 to 150 lb. per square inch 
and passes through reducing valves before it enters 
the mains at pressures varying from 25 to 45 Ib. per 
square inch. In low-pressure systems the steam is 
distributed at the pressure at which it is generated ; 
this varies from 10 Ib. to 50 Ib. persquareinch. The 
report suggests that the distinction between high- 
and low-pressure systems appears somewhat arbit- 
rary, as apparently electricity is never generated on 
housing estates. Contrary to the practice in city 
schemes, on housing estates the condensate is 
returned under a vacuum varying from 6 in. to 22 in. 
of mercury. The mission ‘‘saw nothing to shake 
British preference for hot water as the heating 
medium,” but was impressed by the argument “‘ that 
steam is far easier to transmit through congested dis- 
tricts than hot water.” It might, therefore, be consid- 
ered in connection with the re-building of city centres. 

The insulated distribution mains are laid in 
trenches, and protected by various types of concrete 
construction. ‘‘ None of the forms of underground 
concrete conduit is ever made with removable covers 
. . . long experience has taught the Americans 
that homogeneous construction, or tight joints and 
permanent waterproofing, is of vastly greater 
importance than accessibility.” The lay-out of the 
mains is naturally determined by the lay-out of the 
housing estate, and in this matter considerations 
arise which may affect the relevance of American 
experience to British conditions. The maximum 
density specified by the Federal Housing Authority 
is 24 dwellings per acre for two-storey terrace houses 
and 36 per acre for two-storey flats. The British 
standard for housing estates is 12 dwellings per 
acre. The impression gathered by the mission was 
that the maximum American density was rarely 
reached ; there is a tendency, however, to place 
the blocks much closer together than is usual in this 
country. Many have no direct connection to roads 
and are approached by footpaths. Gardens are 
uncommon, but greater areas are devoted to public 
open spaces. These arrangements may result in 
considerably shorter distributing mains than might 
be necessary with a standard British lay-out, with 
consequent effect both on capital charges and run- 
ning costs. 

As explained in the earlier report, domestic-heat- 
ing systems in America are designed to keep the 
whole of the interior of a house at 70 deg. F. in the 
winter. This aim necessitates lay-outs and room 
arrangements considerably different from what is 
common in Great Britain. The hot-air system 
operated from a central stove, common in the 
smaller type of house, has been adopted for some 
of the district-heating schemes, air being drawn 
over a heater battery by a fan and distributed to 
the various rooms through ducts. In general, 
however, ordinary radiators are used. A point of 
fundamental importance in connection with the 
whole matter, is that great attention is paid to the 
thermal insulation of the house structure. It is 
probably largely owing to this fact that, with any 
system of heating, American houses are maintained 
at a higher temperature than those in Great Britain 





with approximately the same expenditure of fuel. 
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NOTES. 


FounDATIONS FOR MACHINES. 


Aw extra general meeting of the Institution of 
Mechanical Engineers was held in London on 
Friday, April 8, when a paper on ‘‘ The Dynamic 
Principles of Machine Foundations and Ground ” 
was presented by Mr. J. H. A. Crockett, B.Sc. (Eng.), 
and Mr. R. E. R. Hammond. The chair was 
occupied during the reading of the paper and part 
of the discussion by the President, Dr. H. J. Gough, 
F.R.S., and for the remainder of the meeting by 
Mr. A. C. Hartley, C.B.E., B.Sc. (Eng.), vice- 
president. Observing that there could be no static 
equivalent corresponding to oscillations or stress 
waves, the authors postulated that a machine, its 
foundation and the adjacent ground all act together 
as a system of oscillating springs and weights, each 
weight acting as a damped rigid body and oscillating 
in three translational and three rotational degrees 
of freedom ; and that, where the imposed oscilla- 
tions have lengths nearly similar to, or smaller than, 
the dimensions of the spring-weight system, such 
members do not act in oscillation, but the stress 
waves are the dominant modes. An important 
discovery arising out of recent research on soil 
dynamics and machine foundations, they stated, 
was that any ground could oscillate at its own 
natural frequency, and that machines and ground 
would often vibrate in resonance. Stress waves, 
some having properties similar to those of light 
and sound waves, were of considerable and often 
of paramount importance, as their interaction could 
lead to structural failure. By considering 4 machine- 
foundation system as a series of weights and springs, 
they concluded, the size and proportions of each 
part might be suitably designed for specific require- 
ments and a satisfactory type of springing and damp- 
ing could be selected. The ground itself was a 
spring-weight system and each site had a self- 
frequency or a range of self-frequencies, which was 
not likely to be affected greatly by the foundation ; 
it could probably oscillate, with any foundation in 
or upon it, in six degrees of freedom, and at fre- 
quencies which could be determined. Resonance 
between the ground and the machine should be 
prevented if large amplitudes of oscillation and loss 
of power were undesirable in the machine; if 
settlement were undesirable, particularly where the 
amplitudes were large ; and if it were necessary to 
minimise fhterferences with adjacent machines, 
instruments, structures or property. If, however, 
resonance between the ground and the machine 
could not be prevented, the methods commonly 
used in other spring-weight systems could be 
adopted. In such a case, simple design was 
preferable ; a single rigid body with six degrees of 
freedom could be calculated by the standard 
methods. DQouble-body or treble-body systems 
could be used only as guides to possible action ; 
but multiple-body systems were apt to become 
unstable. Stress waves must be taken into account 

at all stages of design, to ensure that their effects 
did not build up locally, especially at focal points. 


RESERVES OF OFFICERS FOR TECHNICAL CORPS 
IN THE ARMY. 


The Regular Army Reserve of Officers (R.A.R.O.) 
and the Army Officers Emergency Reserve 
(A.0.E.R.) are now open for recruitment in all 
arms of the service, including the Royal Engineers, 
Royal Signals, Royal Army Service Corps, Royal 
Army Ordnance Corps, Royal Electrical and Mech- 
anical Engineers, Royal Army Educational Corps, 
and the Royal Pioneer Corps. The conditions are 
explained in an application form which may be 
obtained from the Under Secretary of State, 
War Office, London, S.W.1, by quoting reference 
Offr/Res/1. Although the War Office hope that 
as many officers as possible will join the Territorial 
Army (or Supplementary Reserve in the case of the 
R.E. (Transportation) branch), it is appreciated 
that some officers are unable to spare the time for 
this form of service. All released officers are liable 
to recall until the present emergency is declared to 
be at an end, but, in the event of recall being 


the individual] that officers should be placed without 
delay in the most appropriate appointments. The 
R.A.R.O. and the A.O.E.R. are means to this 
end. They are open to ex-officers of the Regular 
Army who have resigned with less than ten years’ 
service, released emergency-commissioned officers, 
ex-officers who have relinquished short-service com- 
missions since the end of hostilities, and retired and 
released officers formerly of the Indian Army, 
whether they held regular or emergency commis- 
sions. In general, the R.A.R.O. age limit for the 
technical corps is 45 years (53 years for a quarter- 
master), but officers up to the age of 55 years may 
apply to join the A.O.E.R. Those who are accepted 
for the R.A.R.O. will be appointed in the substan- 
tive rank they already hold, or, if they hold a war 
substantive rank of major or lower, they will be 
given that rank as substantive in the R.A.R.O. 
A scheme under which officers of the R.A.R.O. 
may train on a voluntary basis is under considera- 
tion, and if it can be arranged an announcement 
will be made later. There will be no training for 
the A.O.E.R. in peace time. 


British GEAR MANUFACTURERS ASSOCIATION. 


Mr. F. I. Connolly, President of the Society of 
Motor Manufacturers and Traders, was the principal 
guest at the luncheon of the British Gear Manufac- 
turers Association which followed the annual general 
meeting at the Savoy Hotel, London, W.C.2, on 
Tuesday, April 12. In proposing the toast of the 
Association he referred to the all-important question 
of costs. He said that, at the present time, the 
standard of living in this country depended, to a 
large extent, on the efforts of the motor industry 
and whether it could continue to hold a large share 
of the world’s markets. Costs, however, must be 
right, and he regretted that the Government did 
not seem to appreciate this. The cost of Govern- 
ment continued to rise, and the Iron and Steel 
Nationalisation Bill was a political expedient not 
justified economically. The country could not afford 
the consequences of this measure, and al] the 
producers in industry to whom he had spoken—the 
foremen and others who were in practice responsible 
for economical production—were opposed to it. 
In general, the users of a product were the best 
judges of its quality, but the supporters of the 
Government were not drawn from the critical users 
of iron and steel. He thought that a Government 
monopoly might be more dangerous than a private 
price ring—at the worst, the latter could be broken. 
Price was not the only criterion, however; there 
was the question of supplying products suited to 
the needs of the purchaser. He feared that, in this 
respect, users would not be able to bring sanctions 
to bear on the nationalised iron and steel industry. 
The motor industry viewed the Bill with apprehen- 
sion. Ina response to the toast, Mr. R. J. McLeod, 
M.Inst.Met., M.I.Mar.E., chairman of the Associa- 
tion, paid tribute to the great achievement of the 
motor industry, which had grown from nothing in 
less than a lifetime, owing nothing to chance, but 
everything to free enterprise. He deplored the 
attitude of supporters of the Government, who 
entertained erroneous preconceived ideas about 
industry and were blind to such remarkable achieve- 
ments as that of the motor industry. Mr. McLeod 
said that the Association represented 98 per cent. of 
the British gear manufacturers. In proposing 
the toast of the guests, Mr. A. Sykes, B.Sc. (Eng.), 
Wh.Ex., M.I.Mech.E., chairman of the Association’s 
technical committee, said that, with regard to 
standardisation of gears, the Association preferred 
to support the British Standards Institution in such 
work, rather than set up separate standards. 
Captain (E) L. A. B. Peile, D.S.O., Assistant 
Engineer-in-Chief, Admiralty, responding to the 
toast of the guests, complimented the Association 
on its valuable work. 


BICENTENARY OF JOSEPH BRAMAH. 


Of the many engineering pioneers that Yorkshire 
has produced, few have exerted a more enduring 
influence than Joseph Bramah, who was born at 
Stainborough-lane Farm, in the parish of Silkstone, 
on April 2 (Old Style)—or April 13 (New Style)— 
in 1749. The variety of his inventions was such 





necessary, it is important to both the country and 





that it was fitting that the bicentenary of his birth 








should be celebrated, not by some narrowly sectional 
organisation, but by the Sheffield Trades Historical 
Society, the breadth of whose interests are com- 
parable with his own. As the nearest convenient 
date to the actual one, the celebration was arranged 
for Saturday last, April 9, the venue being the 
historic Great Hall of Wentworth Castle, Stain- 
borough, formerly the seat of the Earls of Strafford 
and now a teachers’ training college, maintained by 
the county borough of Barnsley. The guests were 
received by the Mayor of Barnsley (Alderman 
H. Burgin, J.P.) and Mr. E. Walker, A.M.I.Mech.E., 
President of the Sheffield Society, who occupied 
the chair and introduced Councillor R. W. Allott, 
M.A., of Sheffield, who delivered an address on 
“The Life of Joseph Bramah, the Man.” It will be 
recalled that Mr. Allott was the author of an 
interesting study of “‘The Water Wheels of Shef- 
field,” which was reprinted on page 165 of our 
165th volume (1948). Following the presentation 
of this address, Dr. H. W. Dickinson, M.I.Mech.E., 
past-president of the Newcomen Society for the 
Study of the History of Engineering and Techno- 
logy, delivered a lecture on Bramah’s important 
inventions. These included the water closet (1778), 
the Bramah lock (1784), adjustable V guides for 
machine tools (1794); the hydraulic press (1795) ; 
a printing machine for bank-notes (1806); and, 
among various other devices, the familiar beer 
engine. It appears certain, too, that he was inti- 
mately concerned, in connection with the invention 
of the V guides, with the initiation of the idea of 
the slide rest, developed by Henry Maudslay while 
he was in Bramah’s employ. The addresses by 
Councillor Allott and Dr. Dickinson were supple- 
mented by a small exhibition of Bramah relics and 
documents, several of which were contributed by 
the family firm of Bramah’s, Limited, who still 
carry on the manufacture of the locks at their 
works in Oldbury-place, Marylebone, London, W.1. 
After the meeting in Wentworth Castle, a visit was 
made to Bramah’s birthplace; to the smithy of 
Jacky Beardshall (now a hen-house), from whom 
Bramah received his first lesson in smith-work ; 
and to the parish church of Silkstone, where the 
vicar, the Rev. B. O. A. Jones, produced the register 
containing the entry of Bramah’s birth. The party 
then returned to Barnsley, where, after tea in the 
Town Hall, Dr. Dickinson gave a short address “ to 
the memory of Bramah and his family,” which was 
acknowledged by Mr. C. M. Bramah, a great-great- 
grandson. Mr. F. H. Towler, M.I.Mech.E., of Leeds, 
and Mr. C. H. Lea, of the Hunter Antiquarian 
Society, responded on behalf of the visitors to the 
welcome extended to them by the Principal of the 
Barnsley Mining and Technical College, Dr. F. 
Heathcoat, M.Sc.; who, with Mr. W. H. Bolton, 
secretary of the Sheffield Trades Historical Society, 
was responsible for the excellent arrangements. 


DEVELOPMENT OF EvROPEAN Higuways. 


The aim of the United Nations Economic Com- 
mission for Europe to develop Continental Highways 
has now advanced an important step as the result 
of a final agreement reached by twelve Eastern 
and Western European Governments and the occupa- 
tion authorities of the Western Zones of Germany. 
The agreement provides for a network of arterial 
roads designed to meet present needs and the 
anticipated traffic requirements for the next ten to 
fifteen years. Routes from Helsinki to Marseilles, 
from Edinburgh to Rome, and from Paris to Warsaw 
are among the many now included. It has also been 
agreed that the selected highways shall conform to 
one of three standard types, depending on the 
density of the traffic. All the participating countries 
have been asked to assess the cost, per kilometre, 
based on prices ruling on January 1, 1949, and 
expressed in United States dollars, of building new 
roads and improving old ones for the proposed 
network. The estimates are to include the costs 
of works for abolishing all railway level crossings, 
and constructing over and under bridges or recon- 
structing old ones, as well as the costs of works of 
an exceptional nature, such as tunnels and ferry-boat 
services. The advantages of having at least one 
route crossing the Alps through a tunnel is recognised 
and two such tunnel routes have been included 
provisionally in the highway network. One of 
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these is a proposed Mont Blanc tunnel route, | 
while the other road would lie through a Great St. 
Bernard tunnel. Negotiations are proceeding 
between the French and Italian Governments and 
it is upon the results of these that the choice of the 
itinerary to be finally adopted will depend. Propo- 
sals for a road Channel tunnel to link France and 
the United Kingdom have been deferred. The 
countries represented in a conference of the Economic 
Commission’s Working Party on Highways, held in 
this country early this month, were Austria, Bel- 
gium, Czechoslovakia, Denmark, France, Italy, the 
Netherlands, Norway, Poland, Sweden, Switzerland, 
the United Kingdom, the United States and the 
French, British and American Zones of Occupation 
in Germany. It was decided that details of the 
agreed routes should not be published until the 
Sub-Committee on Roads, which is meeting early 
in May, had come to a decision on the matter. 





OBITUARY. 


MR. HENRY MAIN, C.B.E. 


Tue British shipbuilding industry, and Scottish 
shipbuilding in particular, have lost a prominent 
figure by the sudden death on April 8 of Mr. 
Henry Main, C.B.E., managing director of the 
Caledon Shipbuilding and Engineering Company, 
Limited, Dundee, and a former president of the 
Shipbuilding Employers’ Federation ; Mr. Main died 
of heart failure in the King’s Cross-Aberdeen 
express, when returning to Dundee from the recent 
Spring Meeting of the Institution of Naval Archi- 
tects, of which he was a member of Council. 

Mr. Main, who was born on October 31, 1888, 
was educated at the Fairfield secondary school, 
Glasgow, and at the Royal Technical College—at 
that time, the Glasgow and West of Scotland 
Technical College—and served an apprenticeship 
of five years with the London and Glasgow Ship- 
building and Engineering Company, Limited, at 
Govan. Leaving Govan in 1908, he went to the 
Ailsa Shipbuilding Company, Limited, Troon, as a 
draughtsman and subsequently was employed in the 
drawing offices of the Thames Ironworks at Poplar, 
and Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock. From 1912 to 1914, he was 
Messrs. Scotts’ assistant chief draughtsman in the 
shipyard drawing office, leaving them in the latter 
year on his appointment as chief draughtsman with 
Hall, Russell and Company, Limited, Aberdeen, 
where he remained until 1917. His next position 
was that of repairs manager with the Ardrossan 
Dry Dock and Shipbuilding Company, which he 
relinquished in 1919 on joining Messrs. Lithgows, 
Limited, Greenock, as works manager. He went 
to the Caledon Shipbuilding and Engineering 
Company in 1927 as manager of their shipyard and 
structural-engineering department, being made a 
director in 1929 and managing director in 1932. 

In addition to his membership of the Institution 
of Naval Architects, Mr. Main was a member of the 
Institution of Engineers and Shipbuilders in 
Scotland, of the North-East Coast Institution of 
Engineers and Shipbuilders, and of the Institute of 
Marine Engineers. He held also a number of 
appointments associated with the practice and 
direction of the shipbuilding industry, having been, 
at various times, a director of National Shipbuilders 
Security, Limited ; President of the Shipbuilding 
Employers’ Federation (1939-40), and, during the 
past year, a vice-president of the Shipbuilding 
Conference ; member of the Technical Committee 
of Lloyd’s Register of Shipping, and also of the 
Glasgow Committee of Lloyd’s Register; member 
of the Dundee Harbour Board; and a member of 
Council of the British Shipbuilding Research 
Association. During the recent war, he was 
Admiralty’s Regional Director for the East of 
Scotland, of Merchant Shipbuilding and Repairs, 
for which he received the C.B.E. in 1943, and, from 
the Queen of the Netherlands, the appointment of 
Commander in the Order of Orange-Nassau. Mr. 
Main was also a Justice of the Peace, a freeman 
of the City of London, and a liveryman of the 
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LETTERS TO THE EDITOR. 


‘*ELECTRIC LIFTS.’’ 


To THE Eprror OF ENGINEERING. 


Sir,—In the review of the second edition of my 
book, Hlectric Lifts, which appeared in your issue 
of January 28, on page 96, ante, you observed of it 
that ‘‘ Some statements are at variance with others ; 
for instance, a method of deciding the approximate 
size of a passenger car as given in Chapter I is 
difficult to reconcile with the graph of passenger-car 
loading shown in Chapter IX. Another anomaly, 
which also occurred in the first edition, is the 
statement in Chapter XII that the safety gear is 
always fitted under the car framing; in the same 
chapter is shown an illustration of a safety gear 
designed to be fitted above the car.” 

In the statement indicated in Chapter I, the 
significant word is “‘ approximate”; either your 
reviewer has overlooked it or his interpretation is 
different from my own. I maintain that the 
approximate car size is obtained by allowing 2 ft.? 
for each passenger, and that this is borne out by the 
grapb in Chapter IX, particularly for contract 
loads less than 2,000 lb., which are the most common 
loadings. 

The illustration referred to in your criticism of 
Chapter XII is Fig. 148, and the book from which 
I obtained it states that ‘‘The sketch illustrates 
the gear fitted to the top of a counterweight, although 
it may equally well be employed under the car.” 
I trust that you will find it possible to publish the 
above observations on what seems to be some careless 
reviewing. 

Yours faithfully, 
R. S. PHILLIPs. 
115, Upper Selsdon-road, 
Sanderstead, Surrey. 
March 26, 1949. 


[We admit the possibility of a difference of inter- 
pretation of “ approximate,” but not that our reviewing 
was careless. Apart from the fact that Mr. Phillips uses 
2 ft.? for 2 sq. ft., in his book as well as in his letter— 
an opportunity for a 100-per cent. difference of inter- 
pretation—the data in the book may be quoted in 
evidence ; according to the graph cited, the floor area 
for a load of 2,000 lb. is 24 sq. ft., but, on the basis of 
2 sq. ft. per person, it would be 26-6 sq. ft. The load 
corresponding to 26-6 sq. ft., taken from the graph, is 
2,200 lb. With an overbalance of 50 per cent., this 
overload of 10 per cent. on the car becomes an overload 
of 20 per cent. on the motor, which we still feel to be 
rather a liberal interpretation of “ approximate.” 
With reference to the author’s Fig. 148, it is true that the 
text accompanying this illustration in the book does 
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without specifying minimum effective ductility, 


What appears to be likely is that, up to the present 
and obviously more by sound instinct than by good 
science, we have got good structural steel because 
we have not specified a minimum yield point. 

The foregoing argument is pointed by reference 
to the February, 1949, issue of The Welding Journal, 
in which Mr. E. M. MacCutcheon presents a critical 
review of recent evidence bearing on the relative 
incidence of cracks occurring in ship structures 
fabricated by riveting and by welding. Mr, 
MacCutcheon suggests that the toughness and 
temperature of the steel may be more important 
than whether the structure is riveted or welded, 
and he appears to be right in saying that Professor 
J. F. Baker and his colleague, Dr. Tipper, are 
firmly of the opinion that it is the steel and not 
the welding which must be examined for the 
mysterious cause of failure. Recently, I came 
across an example of an American mild steel, and 
its characteristics are given below, beside those of 
a British mild steel. 


British American 

Steel. Steel. 
Yield stress, lb. per sq. in. 39,000 35,000 
Tensile strength, lb. per sq. in. 58,000 59,000 
Elongation in 2 in., per cent. ... 41 37 
Reduction of area, per cent. ... 60 62 


If these figures are examined, it wiJl be seen 
there is little to choose between them so far as 
standard tensile properties are concerned. But it 
so happened (and it is, indeed, a rare occurrence) 
that the published particulars of the American mild 
steel (A.S.7.M. Bulletin, December, 1948, pages 
36 and 37, ‘‘ Effect of Fatigue on Tension Impact 
Resistance ’’) included percentage elongations on 
two different gauge lengths, thereby enabling the 
effective ductility to be calculated. The necessary 
measurements for calculating the effective ductility 
of the British steel are also available (Mechanical 
World, January 7, 1949, pages 5 to 7, “‘ Minimum 
Yield Point Specifications”). The comparison 
shows that the effective ductility of the British 
steel is 19 per cent., and of the American steel, 
8 per cent. 

Effective ductility is not a new conception. It 
was defined by the late Professor Unwin, in British 
Standard Report No. 3, 1903, under the name of 
general elongation; i.e., the elongation at the 
moment of maximum, load before local contraction 
begins. Steel with an effective ductility of less than 
10 per cent. is more liable to brittle fracture than 
one with 19 per cent. effective ductility, in my 





opinion. The above statement is controversial, 


‘but perhaps enough has been said to suggest 


the importance of persuading research organisations 
to accumulate evidence for and against this contro- 


state that this device (an instantaneous cam safety | Versial statement by including effective ductility 
gear) “may equally well be employed under the car”; | measurements in future researches on the physical 
but in fact it could not be used under the car, because | properties of steel, over a range of practical tempera- 


the car would then foul the ropes. To apply the 
principle of this device to a safety gear fitted under the 
car would require a considerable alteration of the 
design in Fig. 148.—Ep., E.] 





BRITTLE FRACTURE OF MILD- 
STEEL PLATES. 


To THE EprTor OF ENGINEERING. 


Sir,—Having questioned the views of certain 
authorities in a letter in your issue of January 7, 
on page 16, ante, I am rather surprised that my 
criticisms have remained unanswered. Evidently 
Mr. P. de H. Hall, whose letter appeared on page 
209 of your issue of March 4, is of the same mind. 
Perhaps, therefore, I may follow Mr. Hall’s sugges- 
tion and consider further the matter of effective 
ductility, which is the point at issue. 

It is my opinion that both the British and the 
American Standard tensile specifications for steel 
are inadequate and should be revised; but that 
whereas, in this country, we still normally get good 
structural steel with this inadequate specification, 
the Americans get bad structural steel sometimes 
because they have specified a minimum yield point 
without any safeguard to ensure adequate effective 
ductility. We in this country have now blindly 
followed this unfortunate American lead and have 





Worshipful Company of Shipwrights. 





specified a minimum yield point (B.S. 15—1948) 





tures and at very slow-speed, static and high-speed 
rates of loading. 
Yours faithfully, 
A. C. Vrvtan, M.I.C.E. 
Beaufort House, 
Gravel-lane, London, E.1. 
April 1, 1949. 





MACHINING BAKELITE LAMINATED.—A comprehensive 
book of advice on the most efficient methods of machining 
Bakelite Laminated has been issued by Messrs. Bakelite 
Limited, 18, Grosvenor-gardens, London, S.W.1. More 
than a score of machining methods are considered, and 
the booklet also contains some useful tables. Although 
Bakelite Laminated is produced from lamine of paper 
or fabric impregnated with Bakelite resin, it is effectively 
homogeneous, and can be used for many purposes. 





MANCHESTER COLLEGE OF TECHNOLOGY SCHOLARSHIPS 
AND EXHIBITIONS.—The Governing Body of the Man- 
chester Municipal College of Technology offer six scholar- 
ships and six exhibitions, varying in value up to a maxi- 
mum of 65l., with approved fees, if resident at home, and 
1401., with approved fees, if resident in hostel or lodgings, 
to part-time students and others, tenable in any one of 
the full-time day courses of the College for three academic 
years, on condition that the holders prepare themselves 
for the Degree of Bachelor of Technical Science (B.Sc. 
Tech.). Further particulars and forms of application 
may be obtained from the Registrar of the College, 
Manchester, 1. Completed forms must be forwarded so 
as to reach the Registrar not later than June 20. 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 


(Continued from page 329.) 


We continue below our report of the Spring 
Meeting of the Institution of Naval Architects, 
held in London on April 6, 7 and 8. As recorded 
in last week’s issue, the meeting opened on the 
morning of Wednesday, April 6, on board the 
Wellington, headquarters of the Honourable Com- 
pany of Master Mariners, which is moored off the 
Thames Embankment. The chair was taken by the 
President, Admiral of the Fleet Viscount Cunning- 
ham of Hyndhope, O.M., who, after delivering his 
presidential address, called on Mr. G. Daniel to 
present the first of the series of eight papers, which 
dealt with ‘*‘ The Internationa] Conference on Safety 
of Life at Sea, 1948.” 


SAFETY OF LIFE AT SEA. 

Mr. Danrer, explained that his paper was pri- 
marily a record of the principal amendments and 
additions to the technical provisions of the 1929 
International Convention on Safety of Life at Sea, 
as decided upon at the Conference held in London 
between April 23 and June 10, 1948. Two previous 
conferences had been held, the first (inspired by the 
sinking of the Titanic in 1912) between November, 
1913, and January, 1914, and the second in April 
and May, 1929. Representatives from 16 countries 
attended the first and 18 countries sent delegates 
to the second, but no fewer than 30 countries were 
represented at the third. The first conference 
applied mainly to power-driven ocean-going mer- 
chant ships carrying 12 or more passengers, and 
dealt with their construction, life-saving appliances, 
wireless telegraphy, and safety of navigation. The 
second conference extended the fitting of wireless 
equipment to foreign-going cargo vessels of not 
less than 1,600 tons gross, and applied the rules for 
safety of navigation to all vessels, but still limited 
the application of the rules for construction and for 
life-saving appliances to passenger ships on inter- 
national voyages. The third conference covered 
the same subjects as the first, with the addition of 
some ‘‘ general provisions,” and dealt only with 
ships on international voyages, as defined by the 
1929 Convention; but the rules for life-saving 
appliances, and for fire detection and extinction, now 
applied to cargo vessels of 500 tons or more as well 
as to all passenger ships, and it was required 
that certain information about stability should be 
supplied to new cargo vessels. Precautions to be 
taken in the carriage of grain were dealt with, and 
the rules relating to wireless telegraphy and to 
radio aids to navigation were amplified. No change 
was made in ‘the method to be employed in deter- 
mining the floodable length of ships, or in the perme- 
ability values to be assumed or calculated, except 
for a modification in the case of cross-channel vessels. 
The factors of subdivision in force were adjudged 
to be generally adequate, but a change was made in 
the case of vessels engaged on short international 
voyages, in which it might be impracticable to 
enforce the rule of ‘‘ boats for all.’’ New stability 
Tules were introduced to ensure that a vessel could 
withstand the listing effect of damage ; but it was 
decided not to impose any arbitrary standard of 
stability, such as a figure for minimum intact meta- 
centric height, because of the difficulty of dealing 
with ships in which extensive use is made of the 
double bottom for carrying fuel oil and fresh water, 
thus rendering it inconvenient to use the same tanks 
for water ballast to maintain stability. The recom- 
mendations for fire protettion covered the use of 
fire-resisting materials in construction and equip- 
ment, of sprinklers, and of “ fire-containing ” sub- 
division. Boat davits are required to be of the 
luffing or gravity type, and the old Class II type of 
lifeboat (with collapsible bulwarks) is no longer 
acceptable. 

The discussion was opened by Sir Amos Ayre, 
who, after paying tribute to the work of Sir Archi- 
bald Denny, Mr. J. Foster King, Sir Westcott Abell 
and Professor J. J. Welch, whose pioneer work had 
contributed so much to the subsequent success of 
the international conferences, commented on the 
great degree of unanimity which it had been 





possible to achieve, even though there were as many 
as 30 nations represented. It was pleasing that 
the method of Professor Welch, who had presented a 
valuable paper* on watertight subdivision in 1915, 
had been retained; and also that the conference 
had decided not to introduce any arbitrary standard 
of stability. He considered that the conclusion 
arrived at in 1948 was wise ; to have gone too far 
in that connection would have involved the risk of 
laying down arbitrary standards which, perhaps, 
might have been somewhat academic and unpracti- 
cal, 

A most interesting addition to the Convention 
was that concerning the carriage of grain. There 
had been so many regulations in different parts of 
the world, some times very contradictory. On the 
whole, the International Regulations with regard 
to grain-laden ships represented a good advance, 
and he hoped that, within a very short space of 
time, they would lead to uniformity throughout the 
world. It was a fine record that only two of the 
British grain-laden vessels lost in the past ten 
years were of over 1,000 tons, and in neither case 
was the grain cargo a contributory factor. Another 
interesting point was that the conference had 
also decided not to require shifting boards to extend 
the fuJl depth of the hold. Why that had not been 
done before, he did not know. He did not consider 
that any economic effect of the requirements was 
such as to make them unjustifiable. The whole 
thing, of course, called for wise, rational and practical 
administration ; indeed, he believed that the success 
of the conferences had been due largely to a good 
sprinkling of technicians who were brought up in 
the design of merchant ships. He asked for some 
information as to the relationship of the various 
international bodies, and the parts played by the 
Inter-governmental Maritime Consultative Organisa- 
tion, etc. 

Mr. W. T. Butterwick, recalling his association 
with Mr. Daniel in an endeavour to come to some 
definite conclusions with regard to the fire-protection 
work at the conference, paid tribute to the attitude 
adopted by the delegates to the problems that had 
had to be faced. When the fire protection regula- 
tions of 1929 were compared with the conclusions 
of the 1948 conference, some idea was obtained 


not speak too highly of the clarity and tact with 
which that knowledge was presented. In protecting 
seamen against the hazards at sea, it was necessary 
to keep abreast of technical and scientific improve- 
ments, but, on the other hand, care must be taken 
to avoid imposing great expense on shipping unless 
there were some distinct counter advantage. He 
had attended a few international conferences, but 
never one at which there was better team 
work, or at which there had been more or better 
preparatory work. Regarding the relations between 
the international bodies, he thought it essential to 
lay down new procedure, for the old arrangement 
was unsuitable, it being difficult to secure necessary 
amendments. It was desired to avoid both the 
difficulty under the 1929 Convention and too fre- 
quent alterations. The new Convention provided 
for the use of the Inter-governmental Maritime 
Consultative Organisation. If there were not an 
essentially shipping body under the United Nations, 
shipping problems would have to be discussed by 
bodies which were not essentially of a shipping cliar- 
acter. The Convention would not come into operation 
until ratified by 21 countries, each having at least 
1,000,000 tons of shipping. It would have a Council 
and a Maritime Safety Committee. The Assembly 
would meet once in two years, but the Council more 
frequently ; amendments would be circulated 
through the Assembly. The Maritime Safety Com- 
mittee would be composed of 14 members only, 
of whom eight would represent the largest ship- 
owning nations, the other six representing countries 
having important maritime interests. The Conven- 
tion provided that amendments should be made 
either by unanimous agreement between contracting 
Governments, as at present; or by the I.M.C.O., 
provided that there was a two-thirds majority of 
the Assembly, including two-thirds of the 14 
Governments on the Safety Committee; or by an 
ad hoc conference of contracting Governments, 
called by the I.M.C.O., if one-third of the con- 
tracting Governments desired it. The risk of too 
frequent alterations was avoided because a pro- 
posed amendment could be circulated only by the 
Assembly, which met only once in two years, and 
the risk was avoided of one small maritime power 
holding up an amendment which everybody else 





of the amount of work that was involved in trying 
to arrive at the solution. 

Mr. R. B. Shepheard complimented the Ministry | 
of Transport and the British Government official 
body in planning the conference and seeing it 
through. There had been a good deal of hard work 
and discussion of how apparently contradictory 
methods of fire protection could be worked into the 
Convention. There was no doubt that, with all the 
alternative methods, ranging from the more or less 
fire-resisting ship at the American end to the 
British system of sprinklers, with the French com- 
promise, would provide schemes which should elimi- 
nate the kind of disaster, with loss of life, which 
had occurred in the years after 1929. Another 
important addition to the requirements on con- 
struction was that concerning the electrical installa- 
tions, which were scarcely touched in the 1929 
Convention, but which were of great importance. 
Great wisdom was shown by those concerned in 
drawing up the requirements by restricting them to 
major points of principle rather than running the 
risk of elaborating too much detail which might 
result in restricting progress in the future. In 
various respects, practice which was either general 
or statutory in this country had been introduced 
into the International Convention. It was fitting 
that the British Government, as the hosts again 
at the third International conference, should be, 
as he believed was the case, the first to introduce 
legislation to put the Convention into effect; a 
Bill had been introduced into Parliament, and was 
making good progress. 

Mr. N. A. Guttery, who was the Under-Secretary 
at the Ministry of Transport primarily responsible 
for the work of the conference, said that the success 
which had attended the United Kingdom efforts 
at the conference itself was based on the great 
practical knowledge of the delegation, and he could 





* «<The Watertight Subdivision of Ships,” Trans. 








I.N.A., vol. 57, page 1, (1915). 


wanted. 

A new provision in the Convention was that 
whereby there was a right to suspend the Regula- 
tions, in whole or in part, in time of war. The 
reason was that, during the recent war, there was 
no alternative but to depart from the terms of the 
1929 Convention and to carry passengers on ships 
which had not a proper passenger certificate. The 
power to suspend the operation of Regulations 
during war, however, did not remove from countries 
not interested in the war the right of normal control 
over ships in their ports. An “international 
voyage ” was defined as a voyage from a port in a 
country to which the Convention applied to a port 
outside that country, or conversely. A suggestion 
by a number of Governments that an international 
voyage should cover voyages between any two 
countries was resisted, for it was not considered 
necessary ; it was felt that there were very few 
ships which would not touch at Convention coun- 
tries, and that British ships could not be required 
to go to a Convention country merely for survey 
if there were no proved need for them to do so on 
safety grounds. 

The Merchant Shipping Bill, which had been 
read a second time during the previous week, was 
given a very fine reception from all sides of the 
House of Commons. The object was to give the 
Minister of Transport the necessary powers to make 
rules on construction, life-saving appliances, radio 
direction finders, openings in ships’ sides, carriage 
of dangerous goods, carriage of grain, etc. The 
powers sought went beyond those strictly required to 
implement the Convention, to enable the Minister to 
apply the Convention Rules to non-Convention ships, 
little ships for instance, and to go beyond the Con- 
vention standard for Convention ships. That was 
necessary in order to keep abreast of improvements ; 
but the Minister had undertaken that, when making 
Rules outside the Convention, he would consult the 
shipping industry fully, and the industry had 
accepted that position. 
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Dr. J. M. McNeill mentioned some of the important 
contributions which had been made in connection 
with the Regulations, and for which Mr. Daniel 
could claim a large share of responsibility. For 
example, the sub-division of ships engaged in short 
international voyages had been tightened up; 
but it should be noted that the proposals adopted 
by the conference had been the British practice 
for a considerable time, and it was a tribute to the 
Mercantile Marine Department of the Ministry of 
Transport that the proposals were accepted, so to 
speak, without a division. There was also the use 
of mechanical davits, another British development, 
on merchant ships for boats beyond a certain weight. 
No evidence was adduced to the Committee that 
the standard of sub-division was inadequate. 
The Americans had put forward alternative proposals 
which would tend to increase the standard of sub- 
division, and there was a tendency among delegates 
to support some improvement, though perhaps not 
to the full length of the American proposals. He 
believed that some improvement in the standard of 
sub-division would come. With regard to the 
tabulation of the Criterion of Service and factors 
of sub-division in the paper, it should not be inferred 
that the British mercantile marine worked to those 
slavishly, for in many cases those standards of 
sub-division were well exceeded. 

In a tribute to Mr. Daniel and to the Ministry of 
Transport for their able handling of the conference, 
he said that, fully a year before the conference, a 
working party was set up, which did much of the 
spade-work. It had included representatives of all 
interested sections of the public and the Ministry, 
and even some critical shipowners and one or two 
recalcitrant shipbuilders. Unanimity was more 
or less arrived at before the final draft was prepared 
for submission to the conference. The conference 
had worked smoothly from beginning to end. 

Mr. E. W. Blocksidge said that the abolition of 
all lifeboats except the original Class IA was a great 
step in the right direction ; and that all lifeboats 
be attached to davits, and more use made of 
motor lifeboats, were excellent decisions. He noted 
with regret that buoyant apparatus would not be 
carried on cargo boats. He realised that there was 
boat accommodation on cargo ships for double the 
number of crew ; and he was also aware that radial 
davits would be abolished on all cargo ships more 
than 150 ft. long, which would provide a better 
opportunity to use both sides of the ship for launch- 
ing the lifeboats. He suggested, however, from the 
experience gained during the war years, that some 
provision should be made for buoyant apparatus 
on all cargo ships, irrespective of size. 
gratified that a higher standard of safety would be 
insisted upon in passenger vessels engaged on short 
international voyages, which included cross-Channel 
steamers carrying large numbers of passengers ; 
those vessels had always presented a serious 
problem. Presumably some consideration was 
given to the commercial interests concerned by 
permitting the vessels to carry a large number of 
passengers in excess of the boat accommodation, 
the difference in numbers being met by buoyant 
apparatus, with an addition of 10 per cent. of the 
total complement, being 15 per cent. less than the 
requirement for ordinary passenger ships. Com- 
menting on the concession, in special cases, for 
ships to carry two lifeboats under one set of davits, 
he urged that such an arrangement was not to be 
recommended unless separate falls were fitted for 
each lifeboat. 

Mr. S. A. Hodges said that the 1929 formula for 
Criterion of Service had been criticised, chiefly on 
the ground that it did not properly grade ships as 
between the passenger and the cargo functions. 
Other critics had thought a Criterion of Service 
unnecessary, and that all passenger ships exceeding 
a certain length should have not less than a two- 
compartment standard of sub-division and the 
remainder at least a one-compartment standard. 
The American proposals did not depart from the 
present factoral system, and only suggested a 
Criterion of Service formula more sensitive to num- 
bers of passengers. Standards of sub-division for 
passenger ships must provide reasonable safety, 
must not interfere with the practical operation of 
the ships, and must pay some regard to the great 


He was} 





ENGINEERING. 


scientific improvements made in navigational aids. 
In those circumstances, great caution was necessary 
before any radical alteration was made on the 
Criterion of Service Numeral formula and in the 
corresponding factor of sub-division. For all 
practical purposes, all passenger ships of more 
than 650 ft. in length had a two-compartment 
standard of sub-division. In addition, for many 
years British Regulations had demanded a two- 
compartment standard in ships carrying very large 
numbers of passengers on home-trade voyages ; the 
latter requirement had been incorporated in the 
new Convention. Mr. Hodges was inclined to think 
that the criticism of the Criterion Numerals for the 
Queen Mary and Queen Elizabeth was simply a red 
herring, as practically a three-compartment standard 
of sub-division was required for those ships, even 
withthe so-called small Criterion of Service Numeral. 
In foreign-going ships up to 600 ft. in length, which 
were practically all of mixed type, the modern 
tendency was to place the passenger accommodation 
above the bulkhead deck, thus eliminating potential 
sources of danger below the bulkhead deck, such as 
side scuttles, discharges, watertight doors, etc. It 
seemed much more important, in the light of war 
experience, to pay more attention to those matters 
than to the value of the factor of sub-division, having 
regard also to the assumed values taken for per- 
meability. For example, he regarded the prohi- 
bition, in the 1948 Convention, of ordinary cast iron 
for ships’ side fittings as of equal importance as a 
moderate reduction in the factor of sub-division. 

The question of stability in the damaged condition, 
including the effects of unsymmetrical flooding, 
was as important as that of adequate bulkheading ; 
experience had shown that it was better to frame 
regulations pertaining to it in a general way, and 
not by means of formule or by unduly restrictive 
rules. So far as he was aware, British passenger 
ships did not commonly capsize after damage and 
flooding during the war, neither did permanent large 
heeling ensue, to preclude the launching of the 
lifeboats; the evidence available appeared to 
indicate that the design of those ships, coupled with 
the requirements formulated by the Ministry, were 
effective in that respect. The existing British 
regulations were drawn upon largely in framing 
the new rules, except that it was now required 
that the investigation of the stability in a damaged 
condition must be made irrespective of the fitting 
of longitudinal sub-division. In practice, however, 
that was largely catered for already, since, in most 
cases, longitudinal sub-division occurred in way of 
machinery spaces of considerable length and high 
permeability. In ships employed on short inter- 
national voyages and carrying large numbers of 
passengers, accommodated in several tiers of super- 
structure, the problem was extremely difficult, 
having regard to the two-compartment standard of 
sub-division demanded. That might result in the 
raising of the bulkhead deck and the provision of 
higher freeboard, so as to avoid the immersion of 
the margin line and consequent extensive flooding 
along the bulkhead deck in the event of side damage 
causing a large angle of heel. Finally, Mr. Hodges 
drew attention to a method of damaged-stability 
calculation suggested by Mr. F. H. Alexander in a 
paper* to the Institution in 1930, and particularly 
to the contribution by Mr. H. E. Steel to the dis- 
cussion on the paper, for it appeared to be a 
particularly easy and reliable method. 

Mr. J. N. Jarvie, commenting on the point that 
the number of pumps required had not been changed, 
and that, while each Administration might make 
rules relating to the diameter of bilge suction pipes, 
in the new Convention the formule long given in 
the British Instruction on the Survey of Passenger 
Steamships for determining the diameters of the 
pipes had been quoted, said that was an instance of 
the many compliments paid to British practice. It 
would be hard to prove that the formule were 
evolved from anything other than good practice, 
ard, therefore, they were acceptable to everyone ; 
that seemed characteristic of the 1948 Convention. 
The section dealing with electrical installations was 
entirely new. The conference had decided not to 





* “The Stability of a Vessel with a List.” Trans. 


introduce an electrical specification for ships’ 
machinery, but to make regulations to ensure that 
the services essential for safety would be main. 
tained under emergency conditions, and that safety 
from electrical hazards would be assured. It was 
much to the credit of the delegates and their advisers 
that commonsense had prevailed. The marked 
readiness of delegates to accept the simple and 
commonsense construction before all else was 
particularly noticeable in the Committee formed to 
consider engineering questions. 

Mr. W. Carter, referring to the new provision 
whereby the masters of cargo ships had to be pro- 
vided with information, based on a stability and 
inclining test, which would help them to navigate 
and load their ships with safety, asked whether that 
requirement would not go some way, at least, to 
meet the claim for a light load-line, which had been 
discussed recently. In regard to fire protection, 
shipowners on the British delegation had observed 
to him that the primary protection against fire in 
a ship was the alertness of the crew, proper patrols 
and observation, and readiness to tackle any fire 
that might occur. Provision was now to be made 
for warning to be given on the bridge whenever a 
fire broke out. For a much longer period than the 
35 years mentioned by Mr. Blocksidge, Britain had 
been giving a lead in getting safety regulations 
adopted internationally ; 55 years ago, there was 
some provision whereby foreign passenger ships 
could claim exemption from survey in this country 
by producing proof that they had been surveyed in 
accordance with the equivalent of British safety 
regulations, and, in 1906, that sort of provision was 
applied to both passenger and cargo ships coming 
to this country. Asa result, nearly all the principal 
maritime countries had approached the Board of 
Trade to find out whether their regulations were 
considered equivalent to the British, and in many 
cases they were recognised as equivalent. Thus, 
by 1929, a great area was already covered by bi- 
lateral agreements. He was glad to learn that 
publication of the annuai return of shipping casual- 
ties would be resumed by the Ministry of Transport ; 
this would make it possible to build up a new series 
of statistics and records, which would enable the 
progress of the new Convention to be watched by 
reference to casualties. 

Mr. Daniel, replying to the discussion, said that 
the regulations covering the carriage of grain were, 
in some respects, very general ; detailed regulations 
would still have to be produced by the various 
countries, and there might be some differences in 
details between them. The big point was the reduc- 
tion of the height of shifting boards ; there seemed 
to be surprisingly little technical and research 
information available in connection with the possible 
movement of bulk cargoes. With regard to the 
adoption of the British regulations for international 
application in the future, he said that, from the con- 
struction point of view, the Convention did not 
impose many additional requirements on the ship- 
owners and shipbuilders in this country. It did not 
increase the standards of British ships, except in 
respect of one or two points, but was rather more a 
consolidation of what had been the practice; for 
instance, shipowners had fitted spinklers in their 
ships for some 12 or 15 years. The main increase 
in the constructional features was in connection with 
the fire regulations. 

Commenting on Dr. MeNeill’s reference to the 
discussions on the Criterion of Service Numeral, he 
said that there was a feeling in some quarters that 
some slight improvement was possible in the stan- 
dards of sub-division ; but he emphasised that the 
standards laid down in thé Convention were minima, 
which must be complied with, and it was the prac- 
tice of competent designers to provide a margin. 
In general, he believed that a margin was provided 
in British ships. Perhaps some of that margin 
would be taken up; perhaps there was a case here 
and there for a slight increase in the standard, but 
that was a matter which must be explored with 
otber countries. 

The problem of life-saving appliances in ships on 
short international voyages, carrying large numbers 
of passengers, was very difficult. Some of them had 
to carry cargo, which limited the extent of the 
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watertight sub-division which could be provided. 
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The thing to do was to make them as safe as possible. 
British cross-Channel ships, carrying only passen- 
gers, were made of the two-compartment type, and 
the Convention also required that now. Naviga- 
tional aids were a great asset, and it seemed that 
the present was not the time to introduce a Jot of 
new constructional features into ships until it could 
be established what safety the new navigational aids 
could provide. 


Tue Institution DINNER. 


The annual dinner of the Institution was held in 
the Connaught Rooms on the evening of Wednesday, 
April 6. The members and guests, who numbered 
over 700, were received by the President, Admiral 
of the Fleet Lord Cunningham, who presided at 
the banquet. Following the loyal toast, the Presi- 
dent announced that it had been hoped that H.R.H. 
the Duke of Edinburgh might be present, but His 
Royal Highness was unable to do so, owing to a 
prior engagement ; he sent a message of regret and 
good wishes, which the President read out. The 
toast of ‘‘ The Guests ’’ was proposed by Sir Stanley 
Goodall, K.C.B., who welcomed, among many other 
distinguished guests, Their Excellencies the Nor- 
wegian and Danish Ambassadors (Hr. Per Prebenson 
and Count Eduard Reventlow), the High Com- 
missioner for Pakistan (Mr. Habib Rahimtoola) and 
the Deputy High Commissioner for South Africa 
(Mr. C. H. Torrance). Sir Robert Robinson, Presi- 
dent of the Royal Society, responded on behalf of 
the guests. The only other toast, that of ‘‘ The 
Institution of Naval Architects,’’ was proposed by 
the Rt. Hon. Sir John Anderson, G.C.B., F.R.S., 
in a speech which showed considerable insight into 
the problems and the activities of naval architects, 
and was acknowledged by Sir A. Murray Stephen. 

(T'o be continued.) 





THE INSTITUTE OF 
METALS. 


(Continued from page 330.) 


WE continue below our report of the annual 
general meeting of the Institute of Metals, held in 
London on March 30 and 31 and April 1, and now 
propose to deal with the proceedings of the afternoon 
of Wednesday, March 30, and of Thursday, March 31. 


FLow oF Merats In TusBEe Extrusion. 


Mr. H.,S. Tasker, senior vice-president, who 
occupied the chair, said that the authors of the 
first paper on the agenda, a contribution from the 
Research Department, Metal Manufactures, Limited, 
Port Kembla, Australia, on “The Flow of Metal in 
Tube Extrusion,” namely, Mr. C. Blazey, Mr. L. 
Broad, Mr. W. 8S. Gummer, and Mr. D. B. Thompson, 
had received a Capper Pass Award for 1948. As 
they could not be present the secretary read some 
introductory notes which they had sent in. In 
their paper, the authors stated that experiments 
on billet flow had been carried out in a 600-ton 
vertical Schloemann tube-extrusion press and in a 
1,000-ton Loewy press. Flow had been studied by 
means of small pins inserted in the outside of the 
billets and by means of composite billets. The 
principal factor determining the type of flow was 
the degree to which the skin of the billet remained 
in place against the container wall. In a non- 
lubricated container, there was sufficient friction 
between brass and copper-nickel billets and the 
container wall to hold the skin of the billet in 
place, but, with copper, the oxide envelope formed 
in pre-heating appeared to function as a lubrizant 
for the underlying metal. Ina lubricated container, 
brass and copper-nickel flowed like copper. When 
vopper was prevented from oxidising it flowed like 
brass in a non-lubricated container, and, when a 
layer of copper was placed around a brass billet, the 
brass flowed in a non-lubricated container in the 
same manner as copper. 

The presence of a thick oxide layer, per se, was 
not a guarantee that the billet would exhibit the 
lubricated type of flow; the controlling factor 
appeared to be whether or not the billet could 
slide within its oxide envelope under pressure in 
the container. The structure of the skull left in 
the container at the end of extrusion had been 
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studied microscopically and so distinctive were the 
features of skulls that they could be relied upon to 
indicate the nature of flow in the billet. From a 
practical point of view, the principal distinction 
between the two types of flow was that superficial 
defects on the billet were likely to appear between 
the walls of the “shell” (as the extruded tubular 
product was termed) with the non-lubricated type 
and on the outer surface of the shell with the lubri- 
cated type. Moreover, double or blistered walls 
were likely to arise with the lubricated type. A 
scaly inner wall on the shell, due to axial porosity 
in the billet, was more likely to arise from the use 
of a pointed mandrel than a blunt or square-ended 
mandrel. 

Mr. C. E. Pearson, who opened the discussion, 
said that it was known already that there were 
two distinct types of flow in direct extrusion. 
These could be called the unlubricated and the 
lubricated. The présent authors had shown, beyond 
doubt, that high-zinc brasses and copper billets 
certainly differed fundamentally in their manner 
of flow. The lubricated type of flow, in copper, 
was clearly dependent in some way on the oxidised 
scaled surface. It would seem from the paper, that 
this did not act as asimplelubricant ; that therelevant 
motion was not between the oxide scale film and 
the surface of the container, but that the scale 
did adhere to the surface of the container and the 
copper slid within that. It was rather as though 
there were a singular lack of cohesive strength at 
the metal-oxide interface, thus allowing this move- 
ment. Mr. W. A. Baker, who spoke next, said that 
the lubricating effect of copper oxide in the extru- 
sion of copper agreed well with work done at the 
British Non-Ferrous Metals Research Association. 
There, the scaling of various coppers had been 
studied mainly to explain the fact that some 
coppers shed their scales very easily during hot 
working. On investigating the mechanical proper- 
ties of the scales at elevated temperatures, it had 
been found that, in many cases, the scales formed 
had an astonishing capacity for deformation, even 
in tension. In other cases the scales were much 
less plastic. The coppers which the authors had 
used would be expected to form plastic scales 
under the conditions obtaining in the walls of the 
container. 

Dr. R. Genders said that there was general 
agreement on the main point made by the authors, 
namely, that the type of flow in the extrusion of 
tubes was influenced to a marked extent by the 
presence of lubricant between the billet and the 
container. The authors, however, had postulated 
that copper oxide was endowed with rather high 
lubricating properties and he would like a little 
more evidence on this point. 

The chairman then intimated that the discussion 
would be communicated to the authors, who would 
reply by correspondence. 


METALLIC CorRROSION BY Micro-OrGANISMS. 


The second and last paper considered on Wed- 
nesday afternoon, March 30, bore the title “The 
Promotion and Acceleration of Metallic Corrosion 
by Micro-Organisms.” It was by Mr. T. Howard 
Rogers, who stated that, in 1936, the British Non- 
Ferrous Metals Research Association had begun to 
investigate the influence of bacteria and other 
living organisms, in the corrosion of condenser- 
tube alloys. The paper gave details of some of the 
more important of these researches and described 
experiments devised to show that bacteria were 
able to initiate and accelerate corrosion. This 
contribution to the proceedings was reprinted in 
our columns on pages 581 and 623 of our previous 
volume (December 17 and 24, 1948). 

Dr. U. R. Evans, F.R.S., who opened the dis- 
cussion, referred to the action of the disulphide, 
cystine, and stated that it formed a film over the 
greater part of a brass surface and this film acted 
as a cathode, the exposed portion of the alloy 
forming an anode. Presumably the film was not 
cystine itself, but some copper derivative and there 
were present a large cathode and a small anode, 
and severe attack of the smaller anode occurred. 
The primary action of the cystine was to produce 
a film which would stop corrosion where that film 
was situated. The secondary effect was to produce 





very intense attack where there was no film. The 
question was whether it would be possible to find 
a way of using the primary effect without having 
the objectionable secondary effect. Hence it would 
be interesting to try the effect of water containing 
small amounts of cystine with some zinc salts 
added. It was likely that the result would be 
that a film would be set up and, on the top of 
the film, a film of zine hydroxide might be deposited 
as the next cathodic product. The hydroxide film 
might well inhibit the cathodic action; although 
there would, no doubt, be some corrosion at breaks 
in the film, it should not be very much more intense 
than if there were no film present at all. If it were 
decided that zine salts gave the correct solution, 
it would not be easy to apply them. The application 
of a zine-type paint at the inlet end of the tubes, 
however, might be found worth while. Although 
the paint might not last very long, it might tend 
to deposit zinc oxide on the parts which, otherwise, 
would be potential cathodes. Perhaps a cure of 
that kind might be more welcome than a remedy 
based on dyestuffs advocated by Mr. Rogers. The 
latter would not seem to be universally applicable. 

Dr. F. A. Champion said that Mr. Rogers had 
pointed out that the really practical answer was to 
develop alloys which would withstand the conditions. 
The development of such alloys, however, would 
be rendered easier if corrosive media, which did 
really represent the natural corrosive liquids and 
gave reproducible results, were available. He 
would like to ask Mr. Rogers what hope he could 
hold out for an improvement in that state of affairs. 
The next speaker, Mr. T. H. Turner, said that no 
sample of sea water could be considered genuine. 
The Baltic and the Mediterranean were different in 
density from the Atlantic and the Pacific. More- 
over, the waters of the Amazon, the Hudson and 
the St. Lawrence ran very far out into the ocean. 
Hence, when speaking of a sample of sea-water the 
location, the time and the temperature should be 
always defined. Dr. E. Voce, who spoke next, 
asked whether the deep type of pitting which was 
often a menace in pipe systems conveying ordinary 
water could be attributed to biological action. 

Mr. T. P. Gilbert said that much of the significance 
of the present work had been connected with ships’ 
condenser tubes and great use was made of the jet- 
impingement test developed by Mr. R. May. This 
test showed up contamination in sea water in a 
remarkable manner. Thus, contaminated sea-water 
might cause complete penetration of an alloy 
whereas the same test using clean sea water caused 
no measurable attack. The attack was localised 
and was thought to be due to bacterial action. He 
was in complete sympathy with Dr. Champion’s 
plea for a sea water which would give reproducible 
results in corrosion testing. Efforts were being 
made to see what could be done either by making 
up synthetic solutions or by modifying the charac- 
teristics of natural sea waters. No answer was as 
yet forthcoming. The next speaker, Mr. E. I. 
Brimelow, said that corrosion by micro-organisms 
was a newly-discovered factor in an already very 
complicated field. Mr. Rogers, in reply, referred to 
Dr. Evans’s remarks on the question of cystine 
acting rather like an inhibitor—if a dangerous one. 
It was true, added Mr. Rogers, that cystine did 
work in that way, but there was one other point to 
be borne in mind. An increase in the cystine film 
not only augmented the corrosion which ensued 
but, occasionally, it also altered the type of corrosion. 
He would certainly consider the question of the zinc 
salts as he did not think that dyestuffs could be 
used to inhibit the action of cystine. Dyestuffs cxuld 
be used, however, to inhibit the bacteria which pro- 
dured the cystine. It was desirable that there 
should be a standard sea water and work in that 
direction was under way. 

At this stage of the proceedings the chairman 
adjourned the meeting until 10 a.m. on the following 
day. 

SympostuM ON MELTING AND CasTING. 

The whole of Thursday, March 31, was devoted to 
a general discussion of six papers contained in a 
““Symposium on Metallurgical Aspects of Non- 
Ferrous Metal Melting and Casting of Ingots for 
Working.” The papers, which were all taken as 
read, are outlined briefly below. 
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The first paper, by Mr. G. L. Bailey and Mr. W. A. | 


Baker, was a communication from the British Non- 
Ferrous Metals Research Association on “ Melting 
and Casting of Non-Ferrous Metals.” It dealt in 
general terms with the requirements imposed by 
standards of quality, the ideal conditions of melting, 
pouring and solidification, and the sequence of 
operations in the production of the casting, namely, 
the preparation of the molten metal, the outstanding 
features of different casting methods, and the various 
factors involved in the control of ingot quality. The 
contribution, in fact, was primarily a review of 
available information and was not intended to be a 
report of original work on the subject. 

The second paper, entitled ‘“‘The Production of Re- 
fined-Copper Shapes,” was by Mr. R. H. Waddington, 
general superintendent, Copper Refining Division, 
International Nickel Company of Canada, Limited, 
Copper Cliff, Ontario. The contribution described 
the procedure employed at a modern works for the 
production of standard and special shapes of elec- 
trolytic tough-pitch high-conductivity copper such 
as cast wire bars, circular bars (termed “‘ billets ”’), 
“cakes,” ingot bars and ingots. The author stated 
that the melting processes in the direct-are type 
electric furnaces employed were conducted so that 
diffusion of gaseous products from the metal bath 
could occur readily. A controlled quantity of air 
was drawn through the furnace chamber to facilitate 
this process and impart to the molten metal an 
oxygen content of about 0-01 per cent. Copper 
moulds were used for all the shapes; those for 
horizontally cast articles were solid castings of the 
tray type, while internally water-cooled moulds 
were employed for vertical casting. The process 
was closely controlled at all stages and the finished 
shapes were subjected to thorough inspection. A 
proportion of the “‘cakes’’ was diverted to be 
cropped at either the top or the base for subsequent 
scrutiny. Billets were sawn to specified lengths. 
Wire bars were given a tapered nose by a milling 
operation and a centring cup was drilled at one end 
of billets intended for piercing. 

The third paper in the Symposium dealt with 
‘Melting and Casting Aluminium Bronze Ingots 
for Subsequent Working.” It was by Mr. A. J. 
Murphy and Mr. G. T. Callis, of Messrs. J. Stone and 
Company, Limited, London. The authors stated 
that the aluminium bronzes capable of hot working 
had aluminium contents ranging from about 9 per 
cent. to about 14 per cent. The decisive factors in 
the techniques for casting ingots of this alloy for 
subsequent working were the short freezing range 
and the tenacious film of oxide which formed on 
the molten metal. This film protected the metal 
from the absorption of reducing gases during melt- 
ing; the indiscriminate use of alkaline fluoride 
fluxes, which removed this oxide film, was there- 
fore undesirable. The oxide film gave rise to surface 
defects on ingots cast with turbulent pouring, but 
it enabled a surface of exceptionally good quality 
to be obtained when non-turbulent methods of 
casting, such as the Durville process, were employed. 
The Durville method was limited to ingots having 
a length: diameter ratio of not more than 8:1. 
The accurate control of the aluminium was important 
in bronzes in the range of composition used for hot 
forging, and Brinell hardness tests provided a rapid 
check to supplement chemical analysis. 

(T'o be continued.) 








ALL-STEEL WELDED RAILway CoacHEs.—The first 
main-line corridor passenger coaches of all-steel welded 
construction for British Railways are now in production 
at the Derby Works of the London Midland Region. The 
present orderis for 150 coaches, to be built ata rate of over 
one a week, and the first four are now in traffic. In ap- 
pearance, the coaches are indistinguishable from those 
built with timber body-framing members and metal panels. 





THE LATE Mr. C. S. Percy.—We regret to note the 
death of Mr. C. S. Percy, which occurred at his home in 
Southport on Wednesday, April 6. Mr. Percy, who was 
72, was for many years before his retirement in 1943, 
western sales manager for Leyland Motors Limited, 
Leyland, Lancashire. Mr. Percy had been associated 
with the engineering profession since 1896 and was a 
well-known figure among Lancashire commercial-vehicle 
operators, particularly in the Manchester and Liverpool 
districts. He joined the Leyland Company when it 
was known as the Lancashire Steam Motor Company, 
and was, in fact, the first salesman on the firm’s staff. 


LABOUR NOTES. 


THE needs of management, equally with workpeople, 
for incentives, if a high rate of production is to be 
attained, is stressed in a statement recently issued by 
the Engineering Industries Association. There is a 
marked contrast between the attention which has been 
paid to the incentive needs of the productive wage 
earner and the manner in which the incentive motive 
for other elements, vital to production, has been 
neglected. Wage demands have exceeded the degree 
justified by the incentive motive, the association states, 
and, in fact, have become an element in the spiral of 
inflation, seeking to provide against increases in the 
cost of living which the demands themselves are creat- 
ing. The “serious disincentives” to the skilled 
management group which exist at the present time are 
referred to in the statement and a revision of the exist- 
ing surtax rates is urged. 





The Association state that, so long as the industries 
of this country rely upon privatelyeowned capital, the 
need for an incentive for the investor cannot be ignored 
and consider that the Chancellor of the Exchequer, in 
endeavouring to enforce dividend limitation by threats 
of legislation, has carried matters too far. These threats 
do not encourage happy relations with industry. The 
Association are unable to imagine that the Chancellor is 
seriously concerned with the inflationary effect of any 
slight increase in dividends, because distributed divi- 
dends represent less than four per cent. of the national 
income. Sir Stafford Cripps would do well, the Associa- 
tion believe, to examine the adverse effect which the 
existing levy on dividend distributions has upon the 
economics of production. The statement concludes by 
saying that the 25 per cent. tax on distributed profits is 
an indirect system of dividend limitation which has a 
hindering effect upon the supply of capital for industry. 
“As a brake on inflation it is negligible, and as a 
revenue raiser it is ill-directed.” 





The Transport and General Workers’ Union have 
submitted a number of preliminary observations to the 
Confederation of Shipbuilding and Engineering Unions 
on the proposals of the Confederation for a new wage 
structure in the engineering industry. The Confedera- 
tion circulated these proposals to the executive bodies 
of affiliated unions a short time ago for their comments 
and the area trade groups of the Union are now engaged 
in reviewing the wage structure of the industry in its 
many aspects. The Union also reports that a claim 
will be submitted to the engineering employers for the 
payment for time lost ‘‘ by workpeople when engaged 
upon business of importance to the industry, and when 
attending a hospital for the treatment of injuries.” 





The metal and engineering group of the Transport and 
General Workers’ Union states that a reply is awaited 
from the shipbuilding employers to the Union’s claims 
for additional concessions in that industry. The 
Union asked for the operation of the five-day week 
throughout the year, instead of during the period from 
March to October only, and for the raising of the 
minimum rate for shipbuilding labourers. A  sub- 
committee of the Confederation of Shipbuilding and 
Engineering Unions is engaged in examining the 
difficult question of consolidation in the shipbuilding 
industry. 





Suggestions that the Imperial Chemical Industries or- 
ganisation should be nationalised have been “ definitely 
rejected ” from the 1950 general-election programme of 
the Labour Party, according to Mr. R. Edwards, the 
general secretary of the Chemical Workers’ Union. 
In place of that, the programme would probably con- 
tain “a general paragraph asking for power to nation- 
alise certain industries, including chemicals, in the 
event of the economic needs of the nation meriting 
such action.”” Writing in the April issue of the Union’s 
journal, The Chemical Worker, Mr. Edwards states that 
the several resolutions which have been submitted 
asking for the inclusion of the chemical industry in the 
Party’s next nationalisation programme are likely to 
receive considerable support at the Whitsun conference 
of the Party, where the final decision will be made. 





Mr. Edwards supports a national plan for the chemical 
industry to include a close union between that industry 
and the coal industry, which is already nationalised. 
He feels, however, that such a plan is impossible under 
present conditions, “firstly, because the chemical 
monopolies cannot plan for abundance and are based 
on organised and calculated scarcity, and, secondly, 
because the expenditure involved would be not the 
two hundred million pounds which is the present target 
of chemical expenditure, but more in the region of one 
thousand million pounds, which only the State can 
guarantee.” 
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The nationalisation of the rubber-manufacturin 
industry was advocated in a resolution passed unani- 
mously at the annual conference of the United Rubber 
Workers of Great Britain, in Birmingham, on Saturday 
last. The meeting expressed its regret at “ the 
present wave of redundancy inherent in an unplanned 
economy coupled with difficulties abroad” and con- 
sidered that the situation created an “ urgent need for 
a controlled industry which nationalisation alone can 
ensure.”” The conference also passed a resolution 
which called for the revision of the Budget and a sub. 
stantial lowering of prices in order to increase the 
purchasing power of wages. Speaking in support of 
this resolution, Mr. Herbert Eastwood, the union’s 
general secretary, said that the Budget, by its attack 
on food subsidies, had inflicted a weekly fine on the 
country’s homes and there was no court of appeal. 





A partial stoppage of work at the London docks 
commenced on Monday in protest against the dismissal 
of 32 men as “ ineffectives”’ and not on grounds of 
redundancy, as originally stated in some quarters. 
This means that they were considered to be unable to 
discharge their duties adequately owing to old age, 
failing health, or other disabilities. It was reported 
at the end of the day by the National Dock Labour 
Board that 59 ships in the Thames were affected, work 
on 54 of them being completely at a standstill. The 
number of strikers was then given as about 7,500, and 
included most of the 7,000 members of the Amalga- 
mated Stevedores’ and Dockers’ Union, with whom 
the strike originated. This union is officially supporting 
the dispute. The remainder of the men on strike were 
members of the Transport and General Workers’ Union. 
Mr. A. Bird, national secretary of that union’s docks 
group, explained to members of his union at a private 
meeting in Stratford Town Hall on Monday that 
periodic reviews of the dock registers, were not an 
innovation. He appealed to his members to return 
to work to enable negotiations to be commenced for 
compensation for the men concerned. The strike posi- 
tion, however, deteriorated rapidly later this week. 


The conciliation procedure for dealing with disputes 
at docks is the subject of an editorial in the docks group 
section of the April issue of the Transport and General 
Workers’ Record, the official journal of the union. It 
states that there appears to be a lack of understanding, 
in some parts of the country, of the procedure provided 
by the constitution of the National Joint Council for 
the Port Transport Industry for dealing with disputes, 
and of the speed with which action can be secured when 
this procedure is used. By the proper use of this 
means of negotiation, men have been able to settle 
many thousands of disputes, with the result that they 
have never lost wages, but it has been a different 
matter for those who have ignored the conciliation 
machinery and gone on unofficial strike. Men employed 
in the docks industry possess the best machinery in the 
country for dealing speedily with disputes and, if they 
will study and use that machinery, they will realise 
that unofficial strikes are quite unnecessary. 





After examining in some detail the constitution of 
the industry’s National Joint Council and the provision 
for the rapid establishment of = joint committees, 
consisting of representatives of the employers’ asso- 
ciation and of the union, the article concludes by 
saying: “‘ We repeat that there is no need for unofficial 
strikes. They are ruinous to the men and act as a 
brake on the efforts the country is making for economic 
recovery. There is also the important point that an 
unofficial strike does not settle the matter in dispute. 
That matter must, eventually, be settled through the 
conciliation machinery.” 





The deadlock which arose between the National 
Union of Mineworkers and the National Coal Board 
from the Board’s request for a year’s extension of the 
longer-week agreement was referred, by a meeting of 
the executive committee of the union on April 7, to 
the Minister of Fuel and Power. It was decided to place 
the whole position before Mr. Hugh Gaitskell and to 
seek his intervention. A meeting with him was ar- 
ranged accordingly for Tuesday last. The Board’s 
request for the extension of the agreement was made, 
it may be recalled, at the suggestion of the Minister, 
and there is need for a speedy solution of the difficulties 
which have arisen as the agreement is due to expire 
at the end of this month. The working of the extended 
week produced some seven million tons of coal in 1948. 
When their leaders met the Board recently, a number 
of recommendations were put forward by the union 
for remedying grievances arising from the operation 
of the agreement to which, however, the Board was 
then unable to agree. At Tuesday’s meeting the 
Union’s executive decided to recommend its areas to 
continue the agreement. 
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STRETCH- AND ROLL-FORMING OF ALUMINIUM. 











Fig. 2. Stretcu-Formine FuseraGe Dovusie-CurvaTurRE Skin Over Concrete Bock. 








Fie. 3. Propuctna CHANNEL-SECTION CrRcULAR FoRMERS FROM FLat STRIP. 
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LIGHT ALLOYS IN AIRCRAFT 
CONSTRUCTION.* 


By Dr. H. Sutton, F.R.AeS., F.1.M. 


ALL aircraft engineers profess a belief in the im- 
portance of low structure weight. The structure 
weight of an aircraft may, for instance, be 30 per cent., 
and the civil or military load 15 per cent. of the all-up 
weight. If, without sacrificing any durability or other 
properties, the structure weight could be reduced, for 
instance, to 29 per cent. and the pay load increased to 
16 per cent. of the all-up weight, there would be an 
important improvement in the efficiency. Dr. Klein, 
consultant to Douglas Aircraft, has stated that the 
value of a saving of 1 per cent. of the all-up weight 
of a D.C.3 aircraft was comparable to the total initial 
cost of the aeroplane. Another authority gives the 
opinion that every pound of structural weight saved 
in the airframe or the engine for a passenger-carrying 
aircraft with a useful life of two years, is worth 301. 

Recent tendencies in design are of importance in 
relation to the materials and their uses. One of the 
more notable features of the modern aircraft is a very 
smooth and regular external surface. The require- 
ments vary somewhat according to the performance of 
the aircraft, and from place to place on the external 
surfaces. Not only must the latter be accurately 
true to form in respect of their general shape and 
remain so under the normal operational conditions, but 
they must have a very smcoth finish. Tentative 
standards are that the height of chordwise waves must 
not exceed 0-001 in. on a length of 2 in. Spanwise 
waves may have about three times this height. 
Steps and local protuberances should not exceed 
0-0005 in. These smooth wings are expected to have 
much reduced drag, which may be used either to give 
higher speed or lower fuel consumption. For aircraft 
of the future they will be needed on all types, from the 
high-speed fighter to the large transport. Another 
important trend is the use of thinner wing sections, 
demanded by aerodynamic considerations. This re- 
quires the use of spars of smaller depth, and generally 
makes less easy the attainment of the requisite strength 
and stiffness. On several modern aeroplanes, high- 
strength steel spar flanges are used on this account. 

There is a general tendency to use thicker skinning 
than in the past. While sound from the point of view 
of the strength and efficiency of the structure, this trend 
does not make the work of the constructor any the 
easier, owing to the greater difficulty of pre-forming 
thick sheets in strong alloys. The present tendency 
to sweep back the wings to greater angles than have 
been customary in the past renders the design some- 
what more complicated. 

The sheets which form the external surfaces of an 
aircraft must be stabilised for resistance to rippling 
and local buckling. There are many ways of achieving 
this stability. The method of stabilising by stringers 
is cumbersome, owing to the methods necessary for 
securing a good joint between sheet and stringer 
without producing irregularities in the form and affect- 
ing the smoothness of the external surface. Rivets in 
such positions have to be very nicely fitted, milled 
smooth afterwards, and any depressions filled up by 
some adhesive material to afford a smooth finish. Spot 
welding has made progress in this application. By 
the use of a flat electrode against the outer surface 
of the sheet, it has proved practicable to make satis- 
factory spot welds without seriously disturbing the 
smoothness of surface, but the ae conditions 
have to be carefully arranged to suit tiis particular 
condition. In addition, special jigging arrangements 
are required when the panels concerned are not flat. 
For the larger and fairly flat types of light-alloy panel, 
sheets having stringers integral in the same piece and 
protruding from the rear face of the panel, would 
appear likely to be very attractive if these could be 
produced by a rolling or extrusion technique, and there 
have been some attempts to produce such panels by 
machining from thick plates. 

Much thought has been given to, and developments 
are in progress on, sandwich construction, using two 
sheets of light alloy joined by a cellular structure of 
natural woods, such as balsa, or a non-metallic foam, 
or treated paper. The mechanical characteristics 
required in the material for the filling are very moderate 
indeed, such as 10,000 lb. modulus, density not greater 
than 6 lb. per cub. ft., compression strength 100 Ib. 
per square inch, and tensile strength 50 lb. per square 
inch. On account of the sensitivity of glues and non- 
metallic materials to humidity and temperature, and 
their liability to set up corrosion of metallic parts, 
especially of light alloys, metallic foam or cellular 
material would be preferable. 

For achieving local stiffness, a high Young’s modulus 





* Address, entitled ‘‘ Some Metallurgical Problems of 
Importance to Aircraft,‘’ delivered to the London Local 
Section of the Institute of Metals on February 12, 1948, 
and now released for publication by the Institute. 
Abridged. 
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and a high proof stress in tension and in compression 
in the materials of primary structure, are of importance. 
An improvement in Young’s modulus of, say, 20 per 
cent. in an alloy of strength properties comparable to 
those of normal Duralumin would be of great ad- 
vantage. The advantages likely to accrue from an 
increase in the elastic moduli of the aluminium alloys 
used in primary aircraft structures would be concerned 
with (a) the effect on characteristics that are a direct 
function of structural stiffness, i.e., on aero-elastic 
characteristics ; (b) the effect on the natural frequencies 
of the aeroplane as an elastic system, which in turn 
determine the response, and hence the stress, in an 
aeroplane under dynamic loads; and (c) less weight 
for a given stiffness. 

The full significance of ductility and elongation 
values is not yet clear. The properties of high-strength 
structural light alloys used in aircraft show, as would 
be expected, a sacrifice in ductility when tensile 
strength and proof stress are developed to high levels. 
Workability is, of course, required in all the materials 
of construction, and this alone places some limitation 
on the extent to which ductility can be sacrificed. The 
extent to which ductility assists in securing advan- 
tages by giving a more favourable distribution of load, 
as, for example, in a riveted or spot-welded joint, is a 
matter to which a fair amount of attention is being 
given, especially under conditions of dynamic loading. 
Such effects in a structure may be superposed on 
intrinsic lower sensitivity to notch fatigue effect, 
such as at rivet holes that may be present, in one 
particular material as compared with another. Present 
information suggests that there may be limits below 
which the ductility cannot be reduced without loss of 
durability under fluctuating loads such as occur in 
service. 

Aluminium alloys form the main materials of pri- 
mary structure in modern aircraft, and usually account 
for more than half of the structure weight. A typical 
analysis of the structure weight of a large aircraft is 
72-8 per cent. aluminium-alloy sheet and sections, 
7-2 per cent. steel, and 20 per cent. miscellaneous 
(including wheels, arches, shock absorbers, etc.). A 
good deal of the material in engines and equipment of 
civil and military types is also made of aluminium alloys. 

For the highly stressed parts of British structures, 
extensive use is made of sheet and sections, basically 
of the modern D.T.D. 364 type of alloy, which contains, 
approximately, copper 3 to 4-5, magnesium <0-6, 
manganese <1-2 per cent., and small amounts of 
silicon, iron, etc. This material is used extensively for 
sheets, principally in “ clad” forms, also for sections, 
tubes and forgings. Several small changes in this 
class of product since the cessation of hostilities have 
been concerned with a slight narrowing of the com- 
position limits in order to permit greater standardisa- 
tion of heat-treatment temperatures without causing 
undesirable scatter of strength properties, and raising 
of the standard of purity of the aluminium cladding on 
clad sheets from 99-5 per cent. to 99-7 per cent. to 


secure high resistance to corrosion. In times of peace, | , 


longer iife of aircraft is required, and the desire to 
avoid supplementary protective treatments or to cut 
down the thickness and weight of organic protective 
coatings to the minimum, demands high resistance to 
corrosion in the sheets used. Notable developments 
also are the production to closer limits of tolerance of 
dimensions and of flatness, and the manufacture of 
very large sheets for special panels. The subject of 
thickness — for sheets is a very important one 
to the aircraf#¥constructor, as well as to the manufac- 
turer of the sheets. A. E. Russell* studied the thick- 
ness of sheets and found them to exceed nominal 
thickness by 7 per cent. to 7} per cent., although 
substantially within the limits of the current specifica- 
tion, with the result that the all-up weight of the 
aeroplane was increased by 1 per cent., if the particular 
sheets examined were typical. 

A leading development in the aluminium alloy field 


is the very high-strength type of alloy es Proporti 


aluminium, zinc, magnesium, and usually a sm 
amount of copper. Alloys of this class are coming into 
use for primary aircraft structures in the United States 
and the British aircraft industries. Typical results of 
mechanical tests of a modern -boom extrusion, 
supplied to Specification D.T.D. 363a, of 1} in. thick- 
ness in the main section, are given in Table I. 

The alloys contain approximately 5 per cent. to 8 per 
cent. zinc and 2 per cent. to 3-5 per cent. magnesium, 
with, usually, small amounts of copper, manganese, 
and chromium. They are heat-treatable, but the 
solution-treatment temperature used is somewhat 
lower than that for alloys of the Duralumin type. 
After quenching from the solution-treatment tempera- 
tures, age-hardening occurs at normal temperature, 
but more slowly than in Duralumin alloys, generally 
extending over several months. It is customary to 
develop high strength properties in these alloys by 
elevated-temperature ageing for a fairly long period 





* Jl. Roy. Aeronaut. Soc., vol. 49, page 14 (1945). 








Fie. 4. Spot-Wetpep TanKk-Access Door. 


Fie. 5. RoLteR-WELDING 


at 120 deg. to 145 deg. C., or by two ageing periods at 
slightly different temperatures for a total period of 
less duration than is customary when a single ageing 
treatment is used. 








TABLE I. 
Longi- Trans- Longi- | Trans- 
Property. | tudinal verse = p 4 
Tension. | Tension. | pression. | pression.* 
| = eT ee r 
onality | | | 
limit, tons per } 
sq. in. ..| 20-4, 26-6 | 26-6,26-8| 29-4 | 30-7, 30-7 
0-1 per cent. | | 
proof stress, 
tons per sq. in. | 36-4, 36-4 | 33-7,33-4| 37-4 | 37-3,37-7 
0-5 per cent. | 
proof stress, j 
tons per sq. in. | 37-4, 37-2 | 35-6, 35-4, 39-3 | 38-7, 39-8 
Ultimate stress | 


tons per sq. in. | 40-4, 40-5 | 38-1,37-6) — = 
Elongation, per | | 
cent.on44/A | 10-0, 9-0| 8-0, 8-0 _ — 
E x 10-6, Ib. per 
sq. in. ft 10-2, 10-1 | 10-1, 10-1} 10-6 | 10-9, 11-1 
! 





* Results of duplicate tests are given. 


The alloys may be readily hot-worked. Stock for 
the usual hot-working = is cast by the semi- 
continuous process, although very careful control is 


necessary for good results. The properties attainable 


in the alloys of this class are dependent, as indeed in 
other wrought alloys, on the history of the material 
in manufacture and on the finished form. While the 
general corrosion-resistance of the alloys in the fully 











STRINGERS ON TANK SKINS. 


heat-treated condition is good, it is the general practice 
to use “‘ clad ” sheet and strip in aircraft applications. 
A pure aluminium coating is not suitable, and up to 
the present time a coating of high-grade aluminium 
containing about 1 per cent. zinc seems to be giving 
generally satisfactory results and to be preferable to 
other coatings that have been tried. 

The main difficulties of the aircraft manufacturer in 
dealing with these very high-strength alloys are con- 
cerned with their working. Stiff members, such as 
spar booms, and also other forms, are usually straight- 
ened in manufacture soon after solution heat-treatment, 
but many require to be “ set” or formed in producing 
the actual aircraft components. Bending of a T, H, 
or angle section in the cold and in the high-strength 
condition must of necessity leave high internal stresses 
in the section, and these are disadvantageous from many 
points of view. Steps in the direction of manipulation 
at moderate temperatures, such as 170 deg. to 200 
deg. C., show promise of overcoming or alleviating 
some of these difficulties. In the United States, where 
developments in the use of these alloys in aircraft have 
been pursued vigorously, reheating to moderate tem- 
peratures before manipulation is in fairly general use. 

Local pre-heating during dimpling of the sheets 
before riveting, has been utilised. The effect of these 
reheating operations is a function of time and tempera- 
ture, but, with suitable control of temperature in 
particular, it would appear that there need only be a 
very moderate loss in strength properties, namely, 
up to 5 cent. of the static strength. In general, no 
other adverse effect of the over-ageing seems to have 
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arisen, and the slightly uver-aged condition appears, 
fortunately, not to be a dangerous one. 

The constitution of ternary Al-Mg-Zn alloys has 
been investigated in the United States and in Germany, 
but the more recent work of Hume-Rothery, Raynor, 
and their collaborators has added greatly to our know- 
ledge of the constitution of the alloys and of the 
effects of additions of copper, manganese, and chrom- 
ium. Further studies of the constitution of the alloys 
under the non-equilibrium conditions occurring in the 
products of industrial manufacture, and of the age- 
hardening phenomena in relation to the phases con- 
cerned, would seem likely to prove helpful to the 
better understanding of many of the properties of 
the alloys in question, and to their further development. 
Work on the Al-Mg-Zn wrought alloys in Germany 
followed quite a different course from that in other 
countries, probably owing to the different approach, 
the objective being at first to obtain an alloy having 
the strength properties of modern Duralumin but free 
from copper, which was in short supply in Germany 
for the armament-production programme. The alloy 
eventually selected for the aircraft industry contained 
approximately, in percentages, zinc 4-5, magnesium 
3-5, manganese 0-3, and copper 0-4, with small addi- 
tions of chromium and vanadium. The alloy was heat- 
treated to give a minimum 0-2 per cent. proof stress of 
25-6 to 26-7 tons per squre inch, and an ultimate tensile 
stress of 30-5 to 31-75 tons per square inch in the fully 
heat-treated condition, according to the size and form 
of section, or to give lower values when in the normal- 
temperature-aged form. The alloy was used only to a 
very moderate extent, and in the later German aircraft 
of the war period, for highly stressed components 
produced as sections or forgings, and only sparingly in 
sheet form. 

The modern aircraft contains a good many sheet 
components made in light alloys of medium- and low- 
strength types, employed where stresses are not high 
or are easily carried by the sections that have to be 
used by reason of other considerations. Pressings, 
some of very deep profile, and spinnings, have their 
particular uses, and the deep-drawing properties of 
sheet and strip alloys are of particular concern. Fig. 1,* 
on 357, shows the stretch-forming of end sweeps 
from flat D.T.D. 610A strip in one operation. Fig. 2, 
on the same page, shows the stretch-forming of fuse 
double-curvature skin from flat D.T.D. 610A strip over 
a concrete form block. 

The rubber press (Guérin) is used to form sheet com- 
ponents of fairly shallow profile on a very considerable 
scale. Stretch-forming to give single curvature or 
double curvature is also used effectively. Roll-forming 
is used for the manufacture of sections, thus Fig. 3, on 
page 357, shows the production of channel-shaped 
circular formers from D.T.D. 610A flat strip, in one 
operation, for the Tudor II fuselage. These processes 
are used extensively on medium-strength alloys and on 
solution-treated un-aged strong alloys. As regards the 
airframe parts, joining of aluminium-rich alloys is 
principally effected by riveting. The rivets used are 
mainly of the well known types, Duralumin (L.37), low- 
copper alloy (D.T.D. 327), and 5 per cent. magnesium 
alloy (D.T.D. 303). The use of the very high-strength 
light alloys has raised the problem of rivets of appro- 
priately high strength for use in these materials. 
Development work is in progress on very high-strength 
rivets and on “clad” rivets for high resistance to 
stress-corrosion. There seems to be scope for useful 
advances in this field. 

Spot welding of light alloys is used extensively. 
Fig. 4, opposite, shows a spot-welded tank access 
door of D.T.D. 390, for a Lancaster aircraft, while 
Fig. 5, opposite, illustrates the roller-welding of stringers 
on “ saddle-back ”’ tank skins. The material combina- 
tion is No. 18 s.w.g. te No. 18 s.w.g. of D.T.D. 213 and 
the weld pitch is 1 in. The tendency is, as would be 
expected, to use spot welding where it can be applied 
conveniently and effectively. Spot-welded joints in the 
strong and very strong alloys, in general com 
favourably with riveted joints as regards static strength, 
but under fluctuating stresses, riveted joints appear to 
“oe the better performance at the —_— stage of deve- 
opment of these two methods of making joints. As 
regards resistance to fluctuating stresses, joints of either 
kind in the very strong alloys appear at present to be 
no stronger than, or not so strong as, similar joints in 

the strong alloys, but our experience in this field is not 
very extensive, and studies of joint efficiency under 
static and dynamic loading conditions are likely to 
engage a good deal of attention in the next few years. 
In the aluminium alloy casting field, for highly- 
stressed castings, the high-magnesium alloy (9-5 to 
11-0 per cent. magnesium) D.T.D. 300, and the 4 to 
5 per cent. copper alloys D.T.D. 298 and D.T.D. 304, 
are used extensively ; a full range of alloys is used for 
miscellaneous sand- and die-castings for various 
applications. 





* The assistance of Messrs. A. V. Roe in providing a 
number of illustrations is acknowledged with thanks. 
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The well-known of magnesium | alloys 
are still used for a good many components, and forgings 
are also used to a considerable extent. Space does not 
permit a comprehensive account of the position of 
magnesium alloys in aircraft, but there are two impor- 
tant developments which should be mentioned. The 
improved corrosion-resistance of magnesium and 
magnesium alloys containing only very small percen- 

of certain impurities, notably iron, copper, and 
nickel, brought to light by research work in the United 
States and in this country, has been confirmed by com- 
prehensive investigations. The high-purity alloys of 
which there has been experience in this country, not 
only possess the advantage of high intrinsic resistance 
to corrosion but also prove to be very much more easily 
and effectively protected by the known methods of 
protecting magnesium alloys. 

The preparation of high-purity alloys, even on a 
laboratory scale, demands the use of high-purity metals 
and the avoidance during melting and casting of 
contamination of the alloy. These features also apply 
to production on a commercial scale, but the manipu- 
lation is by no means so simple. The recent develop- 
ments in this field, however, are in my view very promis- 
ing indeed; and it seems probable that magnesium 
alloys having corrosion-resistance of the order of, or 
better than, that of many aluminium alloys will be 
available in the fairly near future in cast and wrought 
forms. Specifications covering these alloys for aircraft 
applications have been issued recently. 

While the types of alloy covered by these specifica- 
tions are not materially pee ol m commercial 
_— in strength properties, they should be of particular 
value in aircraft applications. Full vesiiention of the 
benefits that can be achieved as a result of their high 
purity will, however, necessitate appropriate treatments 
to ensure that an uncontaminated ace exists on the 
finished . Sand- or shot-blasting of castings 
is known to leave a surface which is very susceptible 
to corrosion, and there is scope for the development of a 
technique for subsequently removing the ill-effects of 
abrasive blasting treatments before the final surface 
finishes are applied. Surface purification is also very 
desirable on wrought products, the surface of which is 
liable to contain minute inclusions of foreign matter. 

Another interesting and important development is 
that of the magnesium-zinc-zirconium alloys. British 
work in this field has been described by C. J. P. Ball in 
his paper to the First International Magnesium Congress. 
These alloys take advantage of the powerful grain- 
refining influence of zirconium and show very attractive 
mechanical properties, combined with very good work- 
ing —— The introduction of zirconium into 
the alloys has raised many problems, in connection with 
which Magnesium Elektron, Limited, and their colla- 
borators have done very good work. Specifications 
covering wrought forms of these alloys for aircraft 
epee have recently been issued. Production 
of these materials and of castings in similar alloys, in 
connection with which development work has already 
made good progress, necessitates the use of special 
techniques to ensure a suitable degree of dispersion of 
the zirconium in the melt and in the cast alloy. At 
their present stage of development, the alloys compare 
favourably as regards corrosion-resistance with other 
commercial magnesium-rich alloys; and it would be 
surprising if they did not show improvement, not only 
in corrosion-resistance but in mechanical properties, 
as further experience is gained. 

Sand castings having quite attractive properties in 
the as-cast and in the heat-treated conditions are, it is 
understood, likely to be in full-scale production in 
the near future. It seems probable that castings 
having a 0-1 per cent. proof stress of about 8 to 8-5 tons 
per square inch, an ultimate stress of 15-5 to 16-5 tons 
per square inch, and an elongation of 8 to 10 per cent., 
as cast ; or a proof stress of about 9 to 10 tons per square 
inch, an ultimate stress of 16 to 18 tons per square inch, 
and an elongation of 7 to 9 per cent., in the elevated- 
temperature-aged condition, will be attractive propo- 
sitions for parts of aircraft and equipment. Con- 
currently with these important advances, the cerium- 
bearing zirconium alloys have been the subject of 
very promising research and development work, some 
of the results of which have been described in a recent 
paper by Murphy and Payne.* These alloys are likely 
to find useful application in parts of engines which reach 
moderate temperatures in service. 

The application of magnesium-rich alloys in primary 
structures has been somewhat handicapped in the past 
by the generally low or moderate tensile and com- 
pressive proof stress of these alloys, especially the latter, 
and the newer materials now becoming available seem 
likely to prove very much more useful. The advances 
in obtaining vastly increased corrosion-resistance by 
control of impurity levels will undoubtedly contribute 
to the more extensive use of the alloys. There is a 
demand for abrasion-resistant protective coatings on 
magnesium alloys for a number of aircraft applications. 








* Jl. Inst. Metals, vol. 73, page 105 (1947). 
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Coatings affording a high degree of resistance to corro- 
sion, and at the same time possessing not only good 
adherence to the alloy base but intrinsic resistance to 
wear and tear, would be likely to prove very useful in 
aircraft work. 

Two important aspects of aircraft structural work 
are receiving a good deal of attention, namely, the 
nature of the loads occurring in flight, and the be- 
haviour and strength of aircraft structures under such 
loads. There is a considerable amount of informa- 
tion available on fatigue properties of metals, as 
observed in laboratory tests of simple specimens. In 
the case of aluminium-rich alloys, it is well known that 
these materials do not generally show a definite fatigue 
limit, but that the S/N curves show a progressive fall, 
often very gradual at long endurances. In many 
cases no definite limit is attained at long endurances, 
such, for example, as 500 million cycles. This seems 
to be an inherent characteristic of this important 

up of materials. The differences in form of the 
atigue graphs for different alloys are at present 
unexplained. If more were known about these matters, 
perhaps the form of the graph could eventually be 
controlled. If the resistance to fatigue cracking at 
high endurances could be improved, so the performance 
of structures during long periods of service could be 
improved. Some of the more important magnesium- 
rich alloys show fatigue curves tending to a more 
definite fatigue limit. 

The behaviour of these materials under fluctuating 
stresses is of importance also from the point of view 
of the influence of the mean tensile or compressive 
stress on the fatigue range. While strong aluminium- 
rich alloys tend to show only a slight reduction of range 
cf alternating stress by mean tensile stresses of a 
moderate order, strong magnesium alloys are appa- 
rently more sensitive to the effect of mean tensile 
stresses. Determinations of the mean stress-fatigue 
range curves is extremely laborious work, involving 
very large numbers of specimens, since the deter- 
mination of each single point necessitates breaking 
some six or eight fatigue specimens. A good deal of 
further work of this kind is required, not only on simple 
material tests, but also on specimens representing 
structural units. 

Another feature of fatigue that is of particular 
interest in connection with aircraft, is the influence of 
rest periods. In the case of carbon steels there has 
been quite a considerable amount of evidence of benefit 
arising from periods of rest at normal temperatures. 
Daeves, Gerold, and Schulz, working in Germany, in 
1940, found that rest periods after stress cycles ex- 
ceeding the fatigue limit, of 0-7 per cent. to 0-8 per 
cent. carbon-steel wires, resulted in increased endurance. 
The increase was the greater, in general, the smaller 
the number of stress cycles between the rest periods. 
Rest periods at temperatures somewhat higher than 
50 deg. C. showed more effect in increasing the endur- 
ance. Two other German workers, Bollenrath and 
Cornelius, observed improved endurance of 0-02 per 
cent. carbon soft iron after rest periods during fatigue 
tests; and Karius, Gerold and Schulz found that 
recovery in steel is greatest if the test is discontinued 
after 10 per cent. to 20 per cent. of the number of 
stress cycles that would be required to fracture the 
specimen. Bollenrath and Cornelius looked for effects 
of rest periods in Duralumin and magnesium-rich 
alloys, but could not detect any influence. . This field 
of study is one that is worthy of further attention. 

The aircraft of the future will fly higher than in the 
past, and in much colder conditions than have generally 
been encountered. Cabins and fuselages, and possibly 
other parts of aircraft, are being pressurised, and parts 
of them may have to operate under a very considerable 
steady stress, for example, up to half the ultimate 
failing stress. Leading edges are being heated for 
de-icing purposes, and parts of structures near to jet 
pipes are also subjected to raised temperatures. These 
uses of the materials of construction necessitate the 
employment of reliable data on the influence of long 
exposure to raised temperatures. The modern gas- 
turbine engine is a concentration of metallurgical 
technique, embodying light alloys, corrosion- and heat- 
resisting steels, and high-temperature materials. These 
cannot be dealt with here, but that should not be taken 
as any indication of a lesser importance of that field 
of material studies upon which the performance of the 
modern aircraft depends so closely. 





NORTHERN IRELAND RatLway.—Both Houses of Par- 
liament of Northern Ireland have approved of the agree- 
ment made between the Northern Ireland Transport 
Authority and the British Transport Commission for the 
acquisition of their undertaking in Northern Ireland under 
the management of the Northern Counties Committee . 
The statutory price paid by the Commission, in accord - 
ance with the provisions of the Transport Act, 1947. is 
approximately 3,400,0001., and the assets represent an 
original capita] investment of 3,888,0001. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ BRITISH PRUDENCE.”—Single-screw oil tanker, 
built by Messrs. Blythswood Shipbuilding Company, 
Limited, Scotstoun, Glasgow, for the British Tanker 
Company, Limited, London, E.C.2. Main dimensions : 
463 ft. (between perpendiculars) by 61 ft. 6 in. by 34 ft. ; 
deadweight capacity, 12,500 tons on a summer draught 
of 27 ft. 6in. Six-cylinder four-cycle single-acting Bur- 
meister and Wain Diesel engine, developing about 
3,200 b.h.p., supplied by Messrs. John G. Kincaid and 
Company, Limited, Greenock. Mean speed on trial, 
about 12} knots. Trial trip, March 30. 


M.S. “ MitrorD DvucHEss.”—Single-screw trawler, 
built by Messrs. Cochrane and Sons, Limited, Selby, 
Yorkshire, for the Milford Steam Trawling Company, 
Limited, Milford Haven, Pembrokeshire. Main dimen- 
sions : 142 ft. 6 in. (between perpendiculars) by 25 ft. 6 in. 
by 13 ft. 6 in.; gross tonnage, 320; fishroom capacity, 
8,500 cub. ft. Eight-cylinder Diesel engine, developing 
750 s.h.p. at 410 r.p.m., supplied by Messrs. Ruston and 
Hornsby, Limited, Lincoln, and installed by Messrs. 
Amos and Smith, Limited, Hull. Speed, 12 knots. 
Launch, March 30. 

S.S. “‘ STARELLA.”’—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for Messrs. J. Marr and Son, Limited, Hull. 
Main dimensions : 181 ft. by 30 ft. 6 in. by 16 ft.; gross 
tonnage, 690 ; fishroom capacity, 15,000 cub. ft. Triple- 
expansion engines and one oil-fired multitubular boiler 
supplied and installed by Messrs.- Charles D. Holmes 
and Company, Limited, Hull. Launch, March 31. 

S.S. “*‘ GEORGE.’’—Single-screw cargo vessel, built by 
Messrs. Short Brothers, Limited, Sunderland, for Mr. 
A. G. Pappadakis, c/o Messrs. Georges Nicolaou, Limited, 
Bevis Marks House, London, E.C.3. Main dimensions : 
330 ft. by 47 ft. by 27 ft. 11 in. to shelter deck ; deadweight 
capacity, about 3,500 tons on a draught of 19 ft. Triple- 
expansion engines of reheat design, installed by Messrs. 
George Clark (1938), Limited, Wallsend-on-Tyne, and 
two multitubular oil-burning boilers. Service speed, 
12 knots. Launch, March 31. 








CATALOGUES. 


Electronic Control.—A number of leaflets dealing with 
the electronic control apparatus manufactured by them 
have been received from Sargrove Electronics, Limited, 
Effingham, Surrey. 

Thermionic Valves.—Various types of thermionic 
valves manufactured by them are described in pamphlets 
OV1, OV2 and TP3, published by the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2. 

Direct-Current Electric Motors.—Particulars of the 
direct-current motors produced by them are contained 
in a trade list issued by the Electrical Power Engineering 
Company (Birmingham), Limited, Bromford-lane, Bir- 
mingham, 8. 

Electrical Engineering Equipment.—lllustrations and 
short descriptions of the various types of electrical 
equipment which they manufacture are given in a 
pamphlet we have received from Messrs. Bruce Peebles 
and Company, Limited, Edinburgh. 


Light-Alloy Components.—A brochure giving brief illus- 
trated particulars of components for the electrical and 
wireless industry made from Hiduminium (aluminium) 
and Magnuminium (magnesium) alloys, has been issued 
by High Duty Alloys Limited, Slough, Buckingham - 
shire. 

Street-Lighting Lantern.—The “S.0. Fifty” street- 
lighting lanterns for sodium lamps, which have recently 
been installed on concrete columns at Hyde, Cheshire, 
are dealt with in a pamphlet issued by Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, 7. 

Electric Torches, Batteries, Etc.—A catalogue, recently 
received from the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, contains full 
particulars of the torches, cycle lamps, hand lamps and 
lighting batteries marketed by that firm. 

Welders’ Face Shield.—The Lincoln Electric Company, 
Limited, Welwyn Garden City, Hertfordshire, have sent 
us a pamphlet describing the MFS face shield, which 
they supply for the use of welders. This is moulded to 
a smooth surface from a single piece of reinforced plastic 
and is shaped to provide adequate protection from the 
arc for the hand holding it, as well as for the face of the 
user. 


Amplifiers for Sound Reproduction.—Some useful 
technical information is given in two pamphlets dealing 
with amplifiers for high-fidelity sound reproduction 
recently published by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2. 


One of these pamphlets describes amplifiers suitable for 
alternating-current operation and the other those for 
use with both direct- and alternating-current and also 
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ANNUALS AND REFERENCE BOOKS. 


Scientific and Technical Abbreviations, Signs and 
Symbols.—It is unfortunate that those who use tech- 
nical abbreviations too lavishly are not as conscious of 
the inconvenience they cause as the Members of Parlia- 
ment, who recently rejected a Spelling Reform Bill, are 
conscious of the probable consequences of a system of 
simplified spelling. Technical abbreviations, signs and 
symbols are, of course, indispensable when used with 
discretion, and a book such as this, produced by 
Professor O. T. Zimmerman, Ph.D., and Dr. Irvin 
Lavine, should therefore be useful for reference. It 
covers a wide field, including mathematics, chemistry, 
thermodynamics, mechanics, magnetics, hydraulics, 
acoustics, illumination, drawing, electricity, electronics, 
mapping, railways, aeronautics, communications, 
meteorology, military matters, medicine, botany, 
zoology, commerce, astronomy, and technical journals. 
It contains over 400 pages, and is mainly a convenient 
collection of standards published by various bodies, 
notably the American Standards Association. Some 
overlapping is inevitable, but there are also some 
omissions. For example, there is no reference to the 
classifications of steam and_electric locomotive wheel 
arrangements ; there are references to WI (wrought 
iron) and HRS (hot-rolled steel), but not to MS (mild 
steel); to F.R.C.S., but not to M.I.C.E., M.I.Mech.E., 
etc. Some sections cf the book are arranged alpha- 
betically by abbreviations, others alphabetically by 
the words which are abbreviated. This renders the 
task of discovering the significance of an abbreviation 
difficult, or, if the identity of the subject is unknown, 
virtually impossible. Unfortunately, the answer cannot 
be found by preliminary reference to the main index 
because the index is too brief. However, such a book 
must necessarily grow in content and usefulness, and 
improvements can doubtless be made in later editions. 
The book can be obtained from the publishers, Indus- 
trial Research Service, Masonic Building, Dover, New 
Hampshire, U.S.A., and the price is 8.25 dols. to 
countries outside the United States. 


“ The Electrician” Electrical Trades Directory, 1949. 
—The 67th edition of this well-known directory, 
commonly known as the Blue Book, has shrunk con- 
siderably, compared with the pre-war issues. This 
shrinkage, which has been brought about primarily, 
no doubt, by the paper shortage, is illustrated by the 
omission of a good deal of technical information, but 
as this can be obtained equally well elsewhere, the 
omission is not altogether a disadvantage. On the 
other hand, a short biographical section has been 
added, thus reviving a feature which formed a useful 
part of the annual editions up to 1917. The directory 
portion has required some modification owing to the 
recent reorganisation of the electricity-supply industry. 
This, however, has taken the form mainly of deleting 
the entries relating to separate municipal and company 
undertakings and their officials and including an 
all-embracing entry for the British Electricity Authority 
in the alphabetical section. A plea is made for greater 
co-operation on the part of entrants in returning the 
forms, which enable the information to be kept up to 
date. As it is on the accuracy of the entries that the 
Directory depends for the greater part of its usefulness, 
it is hoped that this request will not be disregarded. 
The Directory is published by Messrs. Benn Brothers, 
Limited, 154, Fleet-street, London, E.C.4, the price 
being 30s. net. 


The M.M. Year Book, 1949.—Described on the 
title-page as ‘‘a comprehensive guide to sources of 
supply of new and second-hand machinery of British 
and foreign origin,” this substantial volume contains, 
in fact, a considerable amount of other information 
likely to be required by those concerned with the 
commercial side of engineering ; for instance, a section 
giving the addresses, telephone numbers and regional 
offices of the principal Government offices concerned 
with the engineering industry, with the names of the 
principal officials. There is also an alphabetical list of 
British Standards, a section containing the names of 
firms undertaking the maintenance and repair of plant 
and equipment, and another listing machinery mer- 
chants; a diary, with one week to a page; a list of 
machinery auctioneers; and an annotated section, 
alphabetically arranged, of engineering trade associa- 
tions. The section dealing with the Iron and Steel 
Distribution Scheme is supplemented by an inserted 
leaflet detailing the alterations introduced by the 
Minister of Supply in the revised scheme which came 
into effect on January 1, 1949. The Year Book is 
published by The Machinery Market, Limited, 146a, 
Queen Victoria-street, London, E.C.4, at the price of 
9s. net. 


Whitaker’s Almanack, 1949.—Some interesting con- 
trasts are noted in the preface to this, the 81st, annual 
volume of Whitaker. The issue for 1869 contained 
352 pages and in that year, the editor observes, the 





for battery supply. 


national income was 75,000,0001., the National Debt 
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was 743,000,000/., and income tax was 5d. in the £, 
having been reduced from 6d. The 1949 Whitaker 
contains 1,124 pages and coincides in date with a 
national income of 3,765,000,0001., income tax at 9s. 
in the £ (with surtax up to 19s. 6d.) and a National 
Debt which has reached the fantastic total of 
25,621,000,000/. Without going farther into the com. 
parative economics of then and now, it may be noted 
that the increase in the number of pages over the 
previous year is a direct reflection of the growth of 
Government departments and organisations, suggesting 
that the time is ripe for a new statistical section, 
indicating, in broad outline, the size of the produc. 
tively-working population in comparison with the 
numbers of those who now command, arrange, record, 
classify, exhort, threaten and otherwise interfere with 
them and their activities. It seems probable, indeed, 
that the relevant data are actually enclosed within the 
covers of the 1949 Whitaker, the index to which covers 
rather mcre than 71 pages, with three columns to the 
page. As before, Whitaker's Almanack is published 
in three forms: the complete edition, in red and green 
cloth cover, at 12s. 6d. net; the shorter edition, in 
——— paper cover, at 7s. 6d.; and the library edition, 
in a leather binding and containing the full text of the 
complete edition with the addition of 13 maps, at 
25s. net. The office of publication is at 13, Bedford. 
square, London, W.C.1. 


Manual of Electrical Undertakings (Garcke).—The 
fundamental change in the organisation of the electri- 
city supply industry which took place on April 1}, 
1948, has naturally been reflected in the 1948-49 edition 
of the Manual of Electrical Undertakings, more fami- 
liarly known as Garcke. Since the publication first 
appeared in 1896 it has contained full particulars of 
the growing number of public electricity supply under- 
takings which have now been grouped and amalga- 
mated into new operational areas and sub-areas. 
This process, however, must take a long time; and 
the present volume is therefore inevitably “ transi- 
tional.”’ In order to show the change-over to national 
ownership as clearly as possible it has therefore been 
divided into two sections, the first of which contains a 
descriptive record of the areas, organisation and per- 
sonnel of the new Electricity Boards, and the second the 
technical and operational statistics of the undertakings 
that have been “ vested ” in them under their previous 
titles. Further changes will, of course, have to be made 
in the future. Meanwhile the Manual forms a useful 
record of what has occurred and reflects great credit 
on the care the compilers have taken in writing an 
interesting chapter in electrical history. The pub- 
lishers are the Electrical Press, Limited, 23, Great 
Queen-street, London, W.C.2, and the price is £3 3s. 


The Water Engineer's Handbook and Directory.—The 
principal contents of this compact volume of water- 
works data, which is compiled by the staff of Water and 
Water Engineering, is the directory, which covers all water 
undertakings in the British Isles (including Eire) and 
provides in each case the names of the principal execu- 
tives, the sources of supply, details of the areas supplied, 
the hardnes of the water, the capital expenditure and 
the water rate, and notes on the treatment, if any, and 
the number of consumers’ meters, Separate sections 
deal with general waterworks statistics, technical 
information of various kinds (rainfall, pumping plant, 
pipe data, etc.), and Government departments, institu- 
tions, water boards and other bodies concerned with 
water supply. In addition to the references in the 
directory section to the principal officials of water 
undertakings, there is an alphabetical list of chief 
water engineers, managers, and consulting engineers, 
with references to the authorities or undertakings with 
which they are associated. The price of the Handbook 
and Directory is 15s. net (15s. 7d., including postage) 
and the publishers are the Colliery Guardian Com- 
pany, Limited, 30 and 31, Furnival-street, London, 
E.C.4. 





THE AERONAUTICAL QUARTERLY.—The Council of the 
Royal Aeronautical Society have decided to publish an 
Aeronautical Quarterly, the first number of which will be 
issued in May. The new periodical will undertake the 
publication of papers describing new and original work, 
or reviewing the progress made in some specialised field 
of activity. An editorial board, and many leading 
authorities in various branches of aeronautical engineer- 
ing and science, are giving the Council assistance in con- 
nection with papers submitted for publication. The 
price of the Quarterly will be 7s. 9d. for members, and 
10s. 3d. for non-members of the Society (postage in- 
cluded). The contents of the first number will include 
papers by Mr. H. Templeton, Mr. G. N. Ward, Mr. K. 
Mitchell, Mr. W. J. Duncan, Mr. E. C. Pike, Mr. G. W. 
Trevelyan, Mr. D. R. Blundell and Mr. F. Ursell. Order 
forms and further particulars may be obtained from the 
secretary, Royal Aeronautical Society, 4, Hamilton-place, 





London, W.1. 
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THE FORMATION AND 
PROPERTIES OF EMULSIONS 
OF OIL FUEL AND WATER. 


By H. J. Suarp, B.Se., and J. F. R. Ince., 
Grad.I.E.E. 

During machinery overhauls carried out at the 
ship-repair yards of Messrs. John I. Thornycroft and 
Company, Limited, Southampton, serious deposits 
were discovered on the external surfaces of several 
oil-fired boilers. This led to an investigation of 
their nature and causes and, as a result, the primary 
cause was found to be the contamination of the oil 
by sea water. The investigation was carried out in 
the laboratories of Messrs. Thornyeroft’s Woolston 
works. Subsequent laboratory tests showed that 
sea water and present-day oil fuel would form an 
emulsion which was very stable and difficult to break 
up, whereas with pre-war grades of fuel a complete 
separation into an upper layer of oil and a lower 
layer of water occurred within a few minutes of the 
cessation of agitation. That the emulsions formed 
are water in oil, the oil being the continuous phase, 


It has been stated that sodium hydroxide will 
cause # change of phase to occur in water-in-oil 
emulsions. The preparation of emulsions was tried 
therefore using varying concentrations of dilute 
sodium hydroxide solutions instead of water, for 
the preparation of 50-50 emulsions. The formation 
of the emulsions was observed at varying intervals 
of time, the results being shown in Table I, from 
which it will be seen that with distilled or sea water, 
direct formation of a. water-in-oil emulsion occurs. 
With sodium hydroxide present, however, an oil-in- 
water emulsion forms initially, but as stirring pro- 
ceeds a change of phase occurs, and a water-in-oil 
emulsion is produced ; the time of stirring before 
this change occurs varies with the sodium-hydroxide 
concentration, as shown in Fig. 2, on this page. 
Some: authorities have stated that coalescence of 
the water drops is brought about by Brownian 
movements. It was noticed that the small drops of 
oil-in-water emulsions showed Brownian miove- 
ments, whereas the drops of water of similar size 
in water-in-oil emulsions, did not. Brownian move- 
ments were not exhibited by even the smallest drops 





of water visible in water-in-oil emulsions, but were 





i 


Fig. 1. 


is proved by preparing an emulsion using sea water 
which has been dyed with Carbol Fuchsin. This 
dye is soluble in water, but insoluble in oil, and the 
deep red colour exhibited by the discontinuous 
phase, when viewed under the microscope, is proof 
that it is the sea water. The amount of agitation 
and the time of stirring has a distinct effect on the 
size of the water particles present, the size of 
the particles decreasing with stirring time, down 
to a certain minimum size, after which further 
stirring produces no further change, all the water 
particles being of relatively uniform size. This is 
illustrated in Fig. 1, on this page, the average dia- 
meter of the water drops when relative homogeneity 
is reached being approximately 8 microns. 
Obviously the size of the water drops will affect 
the properties of the emulsion, and it was realised 
that a standard method of preparation of the test 
emulsions would have to be used, in order to rule 
out effects due to variation in original drop size. 
It was found that in all the emulsions investigated, 
complete homogenisation had occurred within 30 
minutes stirring in a standard apparatus consisting 
of a glass paddle rotating at 1,000 r.p.m. in a glass 
beaker 2 in, in diameter and 3 in. deep. The oil 
used in the experiments was Pool fuel oil having a 
viscosity of 220 seconds Redwood No. 1 at 100 deg. 
F., a specific gravity of 0-935 and a minimum 
closed flash point of 150 deg. F.; one 40-gallon 
drum was reserved for all the experiments in order 
to ensure uniformity. Observations of the oil/water 
interphase under the microscope over a period of 
three days showed that no spontaneous emulsifica- 


20 30 40 
Time of Stirring in Minutes. 


Direct Formation OF 50-PeR Cent. WATER-IN-OrL EmvuLsion. x 174. 


exhibited vigorously by oil drops up to about one 
micron diameter in water. 

With varying ratios of water-to-oil a constant 
minimum drop size was obtained always, the pack- 
ing of the drops increasing until, with about 75 per 
cent. water, the drops were so closely packed that 
the oil existed only as thin films between the water 
drops and no further water could be taken up. 
The time of stirring for the minimum drop size to 
be attained fell progressively from about 30 minutes 
for a 20 per cent. distilled-water emulsion to about 
10 minutes for a 70 per cent. distilled-water emul- 
sion. The viscosity of the resulting emulsions 
increased progressively with the water content, and 
with 70 per cent. water a semi-solid appearance was 
manifested. It should be. noted that the emulsions 
with. high water contents became more or less 
viscous according to whether they had been standing 
or had been stirred within a few minutes, respec- 
tively. 

When an.oil-in-water emulsion, consisting of drops 
of oil suspended in a solution of 0-1 per cent. sodium 
hydroxide, was subjected to a potential gradient, 
it .was observed that. the oi] drops moved towards 
the positive electrode with a speed which varied 
inversely as the diameter of the individual drops ; 
it was presumed, therefore, that the oil drops were 
negatively charged. In the case of a water-in-oil 
emulsion tested in the same manner, no movement 
of the water drops was observed. It was found, 
also, that a magnetic field had no effect on either 
oil. drops suspended in 0-1 per cent. sodium 
hydroxide solution or on water drops in oil. 

It was soon realised that the method by which 





tion occurred ; agitation is necessary for emulsifica- 
tion to occur in all cases. : 





ithe specimens .were_ prepared for - microscopic 











* 


examination could influence greatly the condition 
of the sample. It was found that by smearing a 
drop of an emulsion on a slide by the edge of another 
slide, a large proportion of the water drops coalesced 
forming relatively large globules. The most suitable 
method of preparing a slide was to allow a micro- 
scope cover glass to spread a drop of emulsion on the 
slide by its own weight. It was found, however, 
that after the emulsion had become a thin film, 
extra pressure on the cover glass also caused the 
water drops to coalesce. In both cases, this effect 
appeared to be due to flattening of the drops which 
caused an increase in the surface area of the inter- 
phasial membranes and, in many cases, also caused 
neighbouring drops to make contact with each 
other. This is a possible method of breaking up 
emulsions. 

Possible methods of demulsification involve the 
employment of time, heat, electrical, chemical or 
mechanical means. In order to investigate the 
effect of time, a 70 per cent. emulsion of sea water 
in oil was made and kept in the form of a 3-ft. by 
2-in. diameter column, but after six months at 
room temperature, no separation of oil or water had 
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Aqueous | Time of Form and A ce of 

Phase | Stirring. | Emukion. 

0-4 per cent. 5 min. | Almost complete oil in water. 
NaoH 10 min. ~ ene in water; no water in 
oil. 
| 20 min. of phase commences ; inti- 
| ee SE IG ober cat 

| water in oil. 
| 30 min. | Complete water in ofl; no oil in 
| | water, 

5 min. Almost complete oil in water ; small 


0-3 per cent. 
NaOH | - percen' of water in oil. 
10 min. | Mostly oilin water, but appreciable 


water in oil. 
25 min. Change of phase almost complete 
| to water in oil. 
30 min. Complete water in oil (no oil in 
water). 





0-2 per cent. 5 min. | Oil in water emulsion. 
NaOH | 

















10 min, | Oil in water, with a little water in 
oil. 
35 min. Change of phase to mainly water in 
oil, but some oil in water areas 
| still persist. 
0-1 percent. | 65min. | Very little oil in water, mainly 
NeOH water in oil. 
10 min, Complete water in oil emulsion 
formed. 
| $0 min. | Complete water in oil emulsion 
formed. 
Distilled water | 5 min, | No sign of oil in water. Part of 
water gone up as water in oll, 
} Large of water still free. 
| 10 min. | Complete emulsion formed of water 
| in oil. Some water globules still 
| rather coarse. 
30 min. Complete homogeneous emulsion of 
water in oil, 
Seawater 5 min. | Large proportion of water has gone 
(Cl = 27-5. | up as water in oil emulsion. 
gms. per litre) 10 min. Homogeneous water in oil emulsion 
as NaCl) formed. ° 


30 min, Homogeneous water in oil emulsion. 





occurred. ‘All the water was still evenly distributed 
throughout the column as an emulsion, but com- 
parison. of microphotographs showed that a.con- 
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EMULSIONS OF OIL-FUEL AND WATER. 
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siderable increase in water-drop size had occurred 
in that time. From this it is obvious that ordinary 
settling-tank procedure, as used at sea and on land, 
will not separate sea water from fuel oil, once an 
emulsion has been formed. 

The effect of heat was examined by using a heated 
slide, and observing the results under a microscope. 
Both dyed and undyed water-oil emulsions were 
broken. It was noticed that 5 per cent. water-oil 
emulsions were hardest to break because of the 
comparatively large distance between the water 
globules, particularly after partial breaking due to 
the coalescence of groups of small globules to form 
widely distributed larger globules. The tempera- 
ture was in the region of 100 deg. C., as ebullition 
of the larger water globules occurred and water 
easily evaporated off an open film on a slide. 
Samples of water in oil emulsions were then main- 
tained at 60 deg. C. for six hours. In all cases 
there was no visible separation into water and oil, 
but further iivestigation showed some separation 
to have taken place. In the case of a 50 per cent. 
distilled-water in oi] emulsion, an upper layer of 
clean water-free oil about a quarter of the total 
depth had formed, leaving a bottom layer containing 
‘arge water globules as emulsion. This can be seen 
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Fic. 6. Borrom Serriine or 50:50 Om rx Sza-WaTER EMULSION 


AFTER ELECTRICAL TREATMENT. X 215. 


in Fig. 3, on this page, which is a reproduction of a 
microphotograph of the bottom settling. After the 
same treatment with a 50 per cent. sea-water in oil 
emulsion, the water globules had increased in size 
and the different sized drops had become sorted out 
to some extent in accordance with the depth of the 
sample. Comparatively little water-free oil, how- 
ever, had formed as an upper layer ; a microphoto- 
graph of the bottom settling is reproduced in Fig. 4. 
In the case of a 5-per cent. sea-water in oil emulsion, 
a deep upper layer of water-free oi] was formed after 
heat treatment. No free water was visible, however; 
the lower sediment contained all the water, still as 
relatively small drops. This can be seen in Fig. 5, 
which is a reproduction of a microphotograph of the 
bottom settling. 

An electrical potential was then applied to a 
water-in-oil emulsion, and although no movement 
of the water drops towards either pole took place, the 
coalescence of a large proportion of the water 
globules occurred. This investigation was pursued 
and samples of both 50 per cent. and 5 per cent. sea- 
water in oil emulsions were subjected to 100 volts 
direct current across a gap of 1 cm. The samples 
were then maintained at 60 deg. C. for six hours. 
In the case of the 5O-per oet. séa-water in oil 





emulsion, separation took place into a top layer of 
water-free oil and a bottom layer of coarse emulsion, 
equivalent to a 50-per cent. recovery of clean oil ; 
a microphotograph of the bottom settling is repro- 
duced in Fig. 6. With a 5 per cent. sea-water in oil 
emulsion, a deep upper layer of water-free oil was 
formed of similar depth to the control; the water 
drops in the bottom settling did not appear to 
have increased in size so much as the control. 
Chemical methods of demulsification were then 
examined and as Teepol, a proprietary wetting 
agent based on the sodium salts of alkyl and aryl 
sulphate, had been used extensively as a demulsifier, 
it was decided to investigate its ible use. Accord- 
ingly, attempts were made to demulsify 5 per cent. 
and 50 per cent. sea-water in oil emulsions, using 
varying amounts of this agent. The additions were 
made by stirring the requisite amounts into 100 c.c. 
of emulsion, the standard stirring apparatus being 
used for 10 minutes. No change in any of the 
samples was apparent on standing. However, on 
maintaining the samples at 60 deg. C. for 6 hours 
and allowing them to stand for 20 hours at room 
temperature, it was observed that the addition of 
0-05 per cent. Teepol to both 5-per cent. and 50-per 
vent. sea-water in oil emulsions prevented any 
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although the clean oil could be decanted easily 
from the more viscous bottom settling. Micro- 
photographs of the bottom settlings for additions of 
0-1 and 1-0 per cent. are reproduced in Figs. 7 and 
' 8, respectively. With 0-1 per cent. and 1 per cent. 
additions to a 50-per cent. sea-water in oi] emulsion, 
t an almost complete separation of water and oi] was 
i effected after the heating and standing treatment, 
H the sea water being visible as a lower layer. On 
\ adding 0-005-per cent. Teepol to a 5-per cent. 
i sea-water in oil emulsion, and holding at 60 deg. C. 
i Emulsion + for 6 hours, no free water was formed, although good 
| Free Wate sedimentation of the water drops occurred. 
' 
' 
! 
t 
' 
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{ The results for varying additions of Teepol to 
both 50-per cent. and 5-per cent. emulsions are 
shown in Table II below, the additions being calcu- 
lated both as percentages of total emulsions and 
total water present. 
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It can be seen from this table that an addition 
equal to 0-1 per cent. of the water present is not a 
critical value for the production of free water, as free 
water is never produced if the initial water content of 
the emulsion is low; whereas addition of 0-2 per 
cent. to 20 per cent., measured as a percentage of 
the water content, produces free water if the initial 
water content is high. 

Considerable sedimentation having taken place in 
those samples of low water-content emulsions which 
had been held at 60 deg. C. for 6 hours, it was decided 
: pps ei , : Emulsion; 5 Parts Water, 3-3 Parts Oil. to investigate this aspect further. Accordingly, a 
o 1 ge 4 5 6 3 ? ‘ ; m : % series of samples of both 50-per cent. and 5-per cent. 
(6608s) Time in Hours foco0st) a ae wintetiediiae sea-water in oi] emulsions were prepared in test 

tubes, and held at 60 deg. C. for varying times, 
increase in size of the water drops. In the 5-per| In the case of 0-l-per cent. and 1l-per cent. | in some cases after the addition of Teepol. Observa- 
cent. emulsion, sedimentation of the water drops had | additions to a 5-per cent. sea-water in oil emulsion, | tions were taken on sedimentation rates and water- 
occurred, leaving a deep upper layer of water-free oil, | an increase in water drop size occurred, accompanied | drop size changes. These results are shown gra phic- 
whereas in the 50-per cent. emulsion, no sedimenta- | by efficient sedimentation, leaving a deep upper layer | ally in Figs. 9 to 12, on this page. Figs. 9 and 10 refer 
tion had taken place. of clean oil. No free water was visible, however, | to samples of 50-per cent. sea-water in oil emulsions 
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heated to 60 deg. C. and then stood for 20 hours at which, but wage stabilisation in particular, are con- 
room temperature, Fig. 9 referring to a pure emul- LITERATURE. ditions much more easily postulated than accom- 


sion and Fig. 10 to an emulsion to which 0-1-per 
cent. Teepol had been added ; while Figs. 11 and 12 
show the results under similar conditions with a 
5-per cent. sea-water in oil emulsion. From these 
results it is seen that sedimentation is more efficient 
when the water content of the original emulsion is 
low. In the case of a low water-content emulsion, 
additions of Teepol do not appear to increase the 
sedimentation rate, but increase the water drop 
size in the resultant sludge. It a , therefore, 
that, when dealing with low water-content emul- 
sions, such as are usually encountered in practice, 
it is best initially to separate into clean oil and high 
water-content emulsion by heat and then treat the 
high water-content emulsion with Teepol to obtain 
free water and clean oil. 

The effect of centrifugal force was investigated 
by using a de Laval lubricating-oil centrifuge. With 
an emulsion of 50-per cent. sea water, 50-per cent. 
fuel oil fed to the centrifuge at 20 deg. C., separation 
took place in the bowl into a high water-content 
sludge and water-free oil, but owing to the design 
of the outlet ports, the sludge could not be removed, 
and the separator quickly became blocked. When 
run at 90 deg. C., similar results were obtained, but 
with a slightly higher output due to the lower vis- 
cosity of the sludge at this temperature. A 5-per 
cent. emulsion of sea-water in oil was then passed 
through the de Laval separator at 90 deg. C. It 
was found that only the coarsest water drops were 
removed from the original emulsion ; these formed 
an emulsion of approximately 70-per cent. sea- 
water in oil which did not flow from the bowl owing 
to its high viscosity. A 5-per cent. emulsion of sea- 
water in oil was then tried in a Sharples separator at 
78 deg. C., with similar results, except that a small 
amount of free water was formed. 

From a review of the preceding evidence, it 
appears that the only practical method available 
for demulsification is a combination of heat and 
added chemicals. It is apparent that low water- 
content sea-water in oil emulsions are the most 
difficult to demulsify. Samples of 5-per cent. sea- 
water in oil emulsions maintained at 60 deg. C. 
showed no sign of separation ; later examination, 
however, showed that some separation had taken 
place, the final mixture consisting of 50 parts 
water and 33 parts oil. With 50-per cent. sea-water 
in oil emulsion maintained at 60 deg. C., however, 
clean oil is separated out to approximately a quarter 
of the total depth, the remaining emulsion being 
50 parts water and 25 parts oil. The most practical 
method of demulsifying a mixture of oil and water 
seems, therefore, to be a combination of heating 
and the addition of Teepol in the following manner : 
the mixture, unless consisting already of about 
67 per cent. water and 33 per cent. oil, is first heated 
to at least 60 deg. C. and maintained at this tempera- 
ture for a period depending on the depth of oil, after 
which the clear oil is removed from the mixture. 
The remaining emulsion is then treated with Teepol, 
the amount of which should be not less than 0-1 per 
cent. and not more than 1-0 per cent. of the total 
volume of emulsion to be treated. The emulsion 
should be heated to at least 60 deg. C. as before and 
maintained at this temperature until the oil and 
water have separated. The free oil and free water 
can then be removed and any remaining emulsion 
given further treatment, if the amount warrants it. 





FuLL-LOAD EARTH CONTINUITY TESTER.—The full-load 
continuity tester, manufactured by the British Central 
Electrical Company, Limited, 6, Rosebery-avenue, 
London, E.C.1, has been designed to test the earthing 
circuits of the portable electric tools and other apparatus ; 
and thus to prevent a prevalent cause of accidents. 
It consists of a transformer from which a relatively 
high current is supplied at a low voltage to the earth 
wire of the tool. If the lamp, which is also embodied 
in the apparatus, glows dully or not at all, and there is 
a fairly high reading on the ammeter, it is an indication 
that the conductor is in good condition. On the other 
hand, a fluctuating reading shows a broken conductor or 
loose connection. The current used is high enough to 
burn out an earth connection which has been reduced 
to a few strands. The apparatus therefore has an 
advantage over such methods of testing as a bell or flash 
lamp which frequently give a false sense of security. 





The History of Basic Metals Price Control in World War II. 
By PROFESSOR ROBERT F’. CAMPBELL, Ph.D. Columbia 
University Press, Morningside Heights, New York 27, 
U.S.A. [Price 3-25 dols.]; and Oxford University 
Press (Geoffrey Cumberlege), Amen House, Warwick- 
square, London, E.C.4. [Price 18, net.] 

For the sake of the students and researchers into 
economic history who may wish, or who ought, to 
consult this book, it is to be hoped that no compilers 
of library catalogues fall into the trap that is set for 
them on the title page ; for it is, in fact, an economic 
study of price control, though the title page pro- 
claims in heavy capitals that it is “‘ The History of 
Basic Metals” and relegates ‘“‘ Price Control in 
World War II ” to the position of a sub-title, set in a 
different and smaller type, with only initial capitals. 
Throughout the book, too, the running headlines 
at the top of the left-hand pages declare it to be 
“The History of Basic Metals,” which it is not. 
Only the title on the spine, as cited at the head of 
this review, is in accordance with the contents. 
What the book does contain is a chronological and 
critical record and examination of the war-time 
control of metal prices in the United States, as 
operated by the Office of Price Administration 
(“OPA”) and applied to the basic metals steel, 
aluminium, copper, lead and zinc, both virgin metal 
and scrap. Professor Campbell was employed dur- 
ing the war in the History Branch of OPA and had 
experience also as an economist in the Industrial 
Division of the same Office. His study is based upon 
official records and upon that personal experience ; 
and, while it covers only one facet of the problem of 
controlling the inflationary tendency inseparable 
from a state of war, that particular side of the 
problem is fundamental to the economic functioning 
of the engineering industry. 

Professor Campbell prefaces his book with an 
introductory chapter on “‘ Inflation and the Problem 
of Stabilisation ’ which outlines concisely the suc- 
cession of events that follows, or would follow if not 
checked, the incidence of war upon normal trading 
and production ; and the manner in which President 
Roosevelt sought to establish control. The second 
chapter begins the main subject of the book with a 
review of the early ‘problems of price and supply 
from the outbreak of war in Europe in September, 
1939, to the end of 1941 ; prices rose sharply when 
war was declared, fell again when expected war 
orders did not arrive, but rose once more in 1940. 
On the principle that one of the best ways to check 
rising prices is to increase output, productive facili- 
ties were expanded, imports encouraged, and 
exports made subject to licence. The attack on 
Pearl Harbour and the entry of the United States 
into the war brought « need for more stringent con- 
trol, and the need to establish uniformity of prices 
while encouraging maximum output even from 
mines producing low-grade ores, at costs which 
normally might have been uneconomic. This led 
to the introduction of the so-called Premium Price 
Plan, which combined a system of Government 
subsidies with differential pricing and sought to 
increase production without raising the general level 
of metal prices. It applied to copper, lead and 
zinc, and took effect early in 1942. The author 
speaks highly of its value as a stabilising influence, 
though he admits that it was attacked on various 
grounds, both of principle and application. 

Much of the book is devoted to the Premium Price 
Plan, and the principles on which it was based and 
operated, but the consideration of ferrous metals 
and their control is not less thorough. Taking 
everything into account, the efforts of the Office of 
Price Administration appear to have been notably 
successful, as Professor Campbell claims. Produc- 
tion of all the basic metals increased, though it is 
observed that most of the increase took place before 
Pearl Harbour was attacked. Subsequently, the 
situation was complicated by manpower shortages, 
as in other industries. The foremost conclusion 
that the author draws from his study of price con- 
trols is that, to be effective, any such controls 
“‘should be closely integrated with allocation of 
materials, management of production, stabilisation 
of wages, and: allocation of manpower”; all of 





plished. What was the cost of imposing and main- 
taining control over such an immense and widely 
spread group of industries does not appear, though 
this detail must have some bearing on its applic; - 
bility to peace-time circumstances ; a possibility 
which is clearly envisaged as regards the Premium 

Price Plan, in spite of the objections to which 

reference has been made above. 

Of the book as a whole it may be said that it is a 
careful and thoughtful survey of a subject that, in 
its details, is complex beyond the ordinary. Statis- 
tics are used sparingly, so that an overall picture 
can be obtained without the distraction of having 
to pore over masses of figures. There is a small but 
valuable bibliography, sufficient for the needs of al! 
but the more intensive specialist ; and an index 
which is wholly admirable. The reader who is not of 
the United States may find his reading interrupted 
by the initials used to denote various Government 
departments and “‘agencies.”” They are all intro- 
duced at length, and some were once familiar on 
this side of the Atlantic, too ; but memory of these 
identities fades quickly. The distinction between 
OPA and OPM, the precise interpretation of 
OPACS, and the relative status of the NDAC are 
points which, no doubt, are embedded permanently 
in the memories of those who, like the author, spent 
years among their intricacies; but this book is 
destined for a wider public and, probably, a life 
beyond individual memory. To some readers 
in this country, SPAB suggests the Society for the 
Protection of Ancient Buildings more readily than 
the Supply, Priorities and Allocations Board; and 
WPB, the initials of its successor, has a connotation 
other than War Production Board. Such abbrevia- 
tions will not mislead any serious reader, but they 
do interfere with steady reading. 

Thorpe’s Dictionary of Applied Chemistry. Fourth 
edition. VolumeIX. Oils, Fatty,to Pituitary. Edited 
by Dr. M. A. WHITELEY, O.B.E. Longmans, Green and 
Company, Limited, 6 and 7, Clifford-street, London, 
W.1. [Price 80s. net.) 

TuE work of revising Thorpe’s Dictionary continues 
steadily and the ninth volume of the current, fourth, 
edition has now made its appearance. The editor, 
Dr. Martha A. Whiteley, O.B.E., is aided by two 
assistant editors, Drs. A. J. E. Welch and L. N. 
Owen and the work is conducted under the general 
supervision of an editorial board comprising repre- 
sentatives of the principal branches of chemistry, 
with Sir Ian Heilbron, D.S.O., D.Sc., F.R.S., as 
chairman. The present volume commences with 
‘Oils, Fatty” and continues down to “ Pituitary 
Body,” and, as has always been the case, the aim 
of the work is to give detailed scientific data on each 
individual substance or process ; to outline particu- 
lars of any results of research work which may have 
a bearing on the subject involved, and, finally, to 
describe fully any relevant industrial applications. 
Lists of references to published work are also always 
included. Much attention is rightly devoted to the 
English used as the Dictionary is intended as a work 
of reference for non-specialists as well as for highly- 
technical men. The list of contributors to volume 
IX contains the names of over seventy distinguished 
scientists and technicians. Thus, Dr. A. J. Bradley, 
F.R.S., has written on order-disorder transforma- 
tion in alloys; Professor H. T. S. Britton, on pH 
values; Mr. 8. R. F. Edge, on papermaking ; Dr. 
Gustav Egloff, on petroleum; Dr. U. R. Evans, 
F.R.S., on passivity ; Mr. A. R. Powell, on osmium 
and palladium; Mr. C. H. Smith and Dr. T. H. 
James, on photography ; and Dr. F. N. Woodward, 
on pest control. The various articles and entries 
are written in such an interesting manner that the 
inquirer often finds himself reading on after finding 
the answer to his question. This is, perhaps, the 
best test of the cultural value of a work of reference. 
It is interesting to recall, in conclusion, that the first 
edition of the Dictionary consisted of three volumes 
and was published under the editorship of Professor 
T. E. (subsequently Sir Edward) Thorpe, during the 
years 1890-93. ‘The present fourth edition is to 
consist of fourteen volumes and we understand 
that, of the remaining five, Vol. X is in active 
preparation. The other four it is hoped to publish 
at intervals of twelve to eighteen months. 
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THE ELECTRICAL RESEARCH 
ASSOCIATION. 

THE nationalisation of the electricity-supply 
industry may be expected to have some influence 
on the constitution and finances of the British 
Electrical and Allied Industries Research Associa- 
tion. Before that event, the total sum received in 
subscriptions from authorised undertakers was 
greater than that received from manufacturers, and 
although the twenty-eighth annual report, which 
covers the year ended September 30, 1948, shows 
no falling off in subscriptions from ‘ Authorised 
Undertakers and British Electricity Authority,” it 
seems reasonable to expect that a body representing 
the whole of the supply industry may be able to 
exert considerable influence. The report records 
one change in activities which has already taken 
place, the section of the association’s work dealing 
with electricity supply technology having been 
transferred, with its staff, to the British Electricity 
Authority. On the general question of the future 
constitution of the association, the report does not 
give much information; probably because detail 
arrangements are still undetermined. It is recorded 
that the British Electricity Authority and the Area 
Boards are now regarded as members and that the 
articles of association are being revised. 

The report, which opens with tributes to the late 
Sir Clifford Paterson, by the Earl of Mount Edg- 
cumbe, and to the late Mr. J. R. Cowie, by Dr. White- 
head, states that recent arrangements will have 
important effect on development work in connection 
with rural electrification. The Ministry of Agri- 
culture and Fisheries is to become a special contri- 
butor for work in this field, to the extent of 50 per 
cent. of the ascertained cost. This arrangement 
will enable new projects to be put in hand and 
others, which have been deferred for lack of funds, 
to be undertaken. Mr. Cameron Brown, who has 
been concerned with so much of the association’s 
rural electrification work, has been appointed to 
the British Electricity Authority to act in an 
advisory capacity in connection with this aspect of 
its interests. In the section of the report dealing 
with researches actually in hand, it is stated that 
considerable progress has been made in the estab- 
lishment of the field station at Shinfield Green, 
near Reading, and that the whole of the land has 
now been cultivated and the buildings necessary for 
the research programme erected. Of the general 
researches carried out, crop drying has formed the 
major item. The system of drying hay by long- 
period blowing of cold air has reached a stage at 
which definite recommendations for its application 
can be made. Grain-drying investigations have 
been continued in close association with the National 
Institute of Agricultural Engineering. The results 
obtained with the Research Association’s experi- 
mental drier have been very promising. In the 
horticultural field, useful progress has been made 
in connection with soil warming in frames, but it 
is considered that a further year’s work is necessary 
before definite recommendations can be made. 
Experiments on soil sterilisation by the electrode 
method have continued, but further study of the 
factors involved is necessary. 

In the past, the section dealing with rural electri- 
fication included the question of the small-scale 
generation of power within its programme and three 
small wind-driven generators have been erected at 
Shinfield. Investigation of this subject has now 
been transferred to a new section formed to deal 
with the whole question of the use of wind power 
for electric generation. Preliminary work carried 
out has covered a study of the wind behaviour in 
different parts of the country. Information on this 
matter is clearly of great importance in connection 
with the siting of large-power wind generators, 
should such be developed. Data obtained from the 
Air Ministry Meteorological Office are being supple- 
mented by a wind-velocity survey. Investigations 
were first put in hand on the Orkney mainland, 
where it is hoped that a medium-size aero-generator 
will be erected eventually to operate in connection 
with the distribution network on the island. The 
North of Scotland Hydro-Electric Board is co- 
operating in this work. Much information on the 





subject of wind power and methods of utilising it 
has been obtained from the United States, Denmark, 
France and Switzerland, and a study of the basic 
aerodynamic factors influencing the design of wind 
turbines is being carried out at the National Phy- 
sical Laboratory. The whole subject is considered 
to offer considerable promise, and the report states 
that “it is hoped that one or more of our supply 
members will make it possible for development 
contracts to be placed with manufacturers to enable 
moderate-sized generators to be installed and 
experience obtained in the connection of aero- 
generators to a public supply system.” The ex- 
pression “‘ one or more of our supply members ” in 
this sentence must presumably now be replaced by 
the “ British Electricity Authority.” 

These relatively new developments in the acti- 
vities of the association have not interfered with 
the work on materials, plant and distribution pro- 
blems which has long constituted the major part of 
their activities, although the transfer of the London 
office staff to the new laboratories at Leatherhead 
has resulted in some delay in the publication of 
results. It is stated in the report that “the pro- 
blem is to strike the right balance between long-term 
work and applications of more immediate interest.” 
The work on dielectrics, which has occupied the 
association since its inception, may be said to be 
of a long-term character, but it has had important 
influence on practice. The range of the work now 
in hand in this field is shown by the fact that it 
covers aniline-formaldehyde resins, silicones, fabrics, 
papers, varnishes, filling compounds, cellulose 
films, resin-bonded paper, enamels, glass fibres, 
mica and insulating oils. A report on the heating 
and movement of 1-sq. in. 33-kV cables at Earley 
power station is being prepared, and observations 
on the long-term creep of these cables under normal 
operating conditions are being continued. A sub- 
committee has been set up to deal with questions 
concerning cable installations in buildings referred 
to the Association by the Institution of Electrical 
Engineers in connection with the revision of the 
wiring regulations. 

Work on magnetic materials has been continued 
at the Cavendish Laboratory under the direction 
of Sir Lawrence Bragg ; at Sheffield and Nottingham 
Universities ; and in the research department of 
Messrs. William Jessop and Sons, Limited. The 
investigations in the latter establishment, under 
Mr. D. A. Oliver, have resulted in the production of 
an entirely new permanent-magnet alloy of out- 
standing properties. Work at the Cavendish 
Laboratory has included investigations on the 
properties of transformer-steel sheets, the main 
effort during the year under review being concerned 
with the causes of losses in sheet steel. Various 
experiments have suggested that a “ viscosity” 
effect due to the slowness of domain boundary 
movement may form an important contribution to 
the total loss. Other work carried out under the 
direction of Sir Lawrence Bragg is concerned with 
examination of the molecular structure of per- 
manent magnets. 

Switchgear has been dealt with both on industrial 
and academic lines. The basic problem of the 
switchgear arc is connected with the nature of the 

gaseous discharge. Unwanted effects, such as 
diene at high voltages and the ignition of gaseous 
mixtures, as well as useful phenomena, such as 
ignition in internal-combustion engines and the 
action of the welding arc, are all connected with 
this matter. New a has been de 
for the observation of optical transients at Liverpool 
University, and an oscillograph with a single sweep 
of one-twentieth of a microsecond, and a transient 
spectrograph, have been provided at the Perivale 
laboratory. The cloud-chamber observation of dis- 
charges has been undertaken at the City and 
Guilds of London Institute. 
arc discharges and the transitions between these 
regimes has called “‘in question the adequacy of 
existing theories of the electric arc.”” Work on a 
spring-operated piston air-blast circuit breaker has 
been discontinued as it has been found that springs 
of the necessary size make the design too cumber- 
some. Work on fuses has continued uninterruptedly. 
Attention has been paid particularly to investi- 
gating the performance of fuses with small over- 
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currents and to the volt-ampere characteristics of 
ares in fillers. 

The section concerned with steam power plant 
and condensers is considering extension of its 
activities beyond the range indicated by its title, 
and research work in connection with gas-turbine 
plants may be put in hand. In the field of the 
more established power-station prime movers, the 
Association is supporting Professor D. M. Newitt 
in his work at the Imperial College on the accurate 
determination of the pressure-volume-temperature 
relationships of steam up to pressures of 6,000 Ib. 
per square inch and temperatures of 1,400 deg. F. 
Work has continued on the creep of steels at high 
temperature, and an extensive series of tests on a 
copper-nickel-iron alloy containing 5 per cent. of 
nickel and 1-3 per cent. of iron has been conducted 
by the British Non-Ferrous Metals Research Asso- 
ciation as part of the research programme on con- 
densers. Work has continued on the role of certain 
organic compounds in increasing the corrosiveness 
of sea water and attempts are being made to 
produce a synthetic sea water with reproducible 
corrosion characteristics so that the necessity for 
testing each series of specimens in a variety of 
natural sea waters may be obviated. The scope of 
the section dealing with coal combustion has been 
extended to include investigations on the efficiency 
of dust-extraction plant. 

A report is being prepared on the electrical 
characteristics of overhead lines; the chapters 
dealing with inductance and reactance, capacity 
and susceptance, and resistance, of single-phase and 
balanced three-phase lines have been completed in 
a preliminary form and submitted to the Institution 
of Electrical Engineers for use in the preparation of 
a Code of Practice on Overhead Power Lines. Con- 
sideration is being given to the desirability of carry- 
ing out a joint investigation with the British Iron 
and Steel Research Association and the British 
Non-Ferrous Metals Research Association on the 
corrosion of composite overhead-line conductors. 
The question of corrosion and rapid-ageing tests on 
joints in aluminium conductors is also under con- 
sideration. The surge generator, with which. most 
of the Association’s experimental surge investiga- 
tions has been carried out, was badly in need of 
repair, owing to the impossibility of such work being 
carried out during the war. It was accordingly 
returned to the manufacturers and was received 
back at the end of the year. Taking advantage of 
improvements in technique, a new high-speed 
transient recorder is under construction. Apparatus 
for the continuous recording of surges at a typical 
132-kV substation was put into service early in the 
year. By the end of the year approximately 170 
records had been obtained and it has been found 
possible to recognise the types of surge caused by 
known switching operations. 

For the investigation of lightning phenomena, 
150 installations of lightning-current indicators have 
been made on tall chimneys in the London area. 
In each case, three indicators are fitted adjacent to 
the lightning conductor, the distances being adjusted 
to cover the whole range of possible lightning 
currents. There had not been much lightning in 
the period covered after the indicators had been 
installed, but four records were obtained; the 
maximum current indicated was nearly 60 ,000 
amperes. Iu order that lightning-fault statistics 
can be correlated with meteorological data on 
thunderstorms, members of the staff of the Electrical 
Research Association have been granted permission 
to copy thunderstorm reports received from all 
meteorological stations; these reports are not 
normally incorporated in the daily weather bulletins 
of the Meteorological Office. The normal method of 
recording thunderstorm data does not pay attention 
to the number of strokes to earth which is the most 
portant feature of the matter from the point of 
view of the supply engineer. To fill this gap, 
voluntary observers have been invited to co-operate 
in submitting reports and observers are now working 
in most parts of the country. A form of lightning 
trouble frequently experienced is the blowing of 
fuses protecting transformers connected to overhead 
systems, without any apparent damage being done. 





An investigation of the effect of surges on fuses 
showed that surge currents required to blow fuses 
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of the type normally used in service were such that 
line insulators would almost certainly have flashed 
over had such currents been present. In view of 
this it has been tentatively suggested that the trans- 
former fuses are blown by the sudden rush of mag- 
netising current caused by the unidirectional mag- 
netisation of the transformer core by the lightning 
current. The matter is being further investigated. 

There were some developments in the information 
service of the Association during the year. It had 
long been the practice to circulate abstracts from 
British and foreign technical journals to members of 
the staff; normally 35 to 40 abstracts a week were 
supplied. This service has now been extended to 
members of the Association at a charge of 25s. per 
annum. Photostat copies of abstracted articles 
can be furnished. The translation service has also 
been developed. Translations from most European 
languages have been made in the past for the benefit 
of the staff, but it has now been arranged that any 
member may request the translation of any foreign 
article and the translation will be made if the sub- 
ject is deemed to be of adequate value. The charge 
for this service is 15s. for a first copy and 7s. 6d. 
for a second copy ; these charges will cover only a 
portion of the cost. 





THE RECONSTRUCTION OF THE 
BRITISH MINING INDUSTRY.* 


By Sm Cuartzs C. Rem and Dr. Wimiam Retr. 


In September, 1944, the Minister of Fuel and Power 
appointed a committee consisting of leading mini 
engineers “‘ to examine the present technique of 
production from coal-face to wagon, and to advise on 
what technical changes are necessary in order to bring 
the industry to a state of full technical efficiency.” 
That committee issued a report} in March, 1945, which 
called for drastic changes in the methods of mining, 
in the form of underground transport and in surface 
layout, and it stressed the urgency of the situation. 
In general, the recommendations of the Technical 
Advisory Committee were accepted in the country, 
but the industry was soon to be nationalised, and on 
January 1, 1947, the ownership of the British coal 
mines vested in the National Coal Board. 

In the opening section of the Coal Industry Nation- 
alisation Act, the National Coal Board was charged 
with duties described briefly as follows: to work and 
get the coal in Great Britain; to secure the efficient 
development of the coal-mining industry; and to 
supply coal without showing ‘“‘ undue preference” to 
anyone, and to regulate qualities and sizes, quantities, 
and prices so as best to “ further the public interest in 
all .’ The task which faced the members of 
the National Coal Board was a gigantic one when 
judged by any previous industrial standards, particu- 

ly when it is kept in mind that the industry, apart 
from its many ancillary activities, such as coke ovens, 
brickworks, lands and houses, was valued on a net 
maintainable revenue basis at 164,660,0001. by an 
independent tribunal set up for the purpose under the 
Nationalisation Act. 

By the Coal Industry Nationalisation Act, over 
1,400 mines vested in the National Coal Board. Of 
these, about 400 of the smallest, with a combined 
output amounting to less than 2 per cent. of the national 
output, were given licences to continue in private 
hands. In 1947, there were more than 800 mines 
each producing less than 100,000 tons of saleable coal 
annually, and 67 producing over 500,000 tons. The 
average was about 121,000 tons, and the total annual 
production was 187,203,000 tons, rising to approxi- 
mately 196,700,000 tons in 1948. Some 640 mines 
employed fewer than 100 men, and 237 employed over 
1,000. The total number of wage earners emplo 
was about 714,000. The productivity of British coal 
mines also varied greatly, over 60 per cent. yielding 
an output per manshift of under 25 cwt., with some 
less than 10 cwt., while a few yielded 50 cwt., and the 
average was 21-4 cwt. per manshift. 

The coalfields of this country vary considerably in 
character and the industry has reached what might be 
called the third phase of coal mining, when a very 
small part of the remaining reserves of coal lies close 
to the surface, much of the medium depth reserve is 
exhausted, and we are dependent more and more on 
reserves of coal lying at a depth of over 2,000 ft. 





* The second Cadman Memorial Lecture, delivered to 
the Royal Society of Arts at a meeting held in London 
on Wednesday, March 16, 1949. Abridged. 

t Coal Mining: Report of the Technical Advisory 
Committee. (Cmd. 6610.) H.M. Stationery Office, 
[Price 1s. 


York House, Kingsway, London, W.C.2. 
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The underground physical conditions differ greatly, 
seams varying from 15 in. to 30 ft. thick, with seam 
gradients varying from level to vertical, and with roof 
and floor conditions of a wide variety. Some collieries 
were well designed and equipped at the vesting date, 
while others were sadly lacking in every way. Even 
so, modern British mining technique is, in some 
respects, well in advance of that of other countries 
with similar mining conditions. 

The National Coal Board was faced with a vast 
programme of technical reconstruction, which had been 
begun in part, but required co-ordination and expan- 
sion in order to retain an output capacity of between 
240,000,000 and 250,000,000 tons per annum at a 
reasonable cost of production. In the mind of the 
general public, the task of the Board is to produce 
clean coal in sufficient quantities to meet the inland 
and export demand at a reasonable selling price. 
There is no doubt that the level of the selling price 
will, in future, have a greater effect on employment in 
the country as a whole, as well as in the industry, than 
is generally realised, and selling price must be directly 
related to cost of production if the Coal Board is to 
pay its way. 

The cost of production can be conveniently divided 
into four general categories. On a percentage basis, 
from figures published in the Coal Board Quarterly 
Statistical Statement for the third quarter of 1948, 
wages (including holiday pay and allowances in kind) 
account for 65-6 per cent.; roof supports, general 
stores and repairs, 14-6 per cent.; coal and power 
consumed, 6-1 per cent.; and other costs (including 
depreciation, but excluding interest), 13-7 per cent. 
The cost of wages is the predominant item, and, in 
consequence, the figure of output per manshift has 
for long been taken as a general guide to the efficiency 
of the industry. 

It is one of the most important duties of the National 
Coal Board to see that manpower is used effectively, 
at the coal-face and elsewhere underground, and on 
the surface. The manshifts worked in these three 
categories, on a percentage basis, were: at the coal 
face, 37-7 per cent. ; elsewhere underground, 37-7 per 
cent. ; and on the surface, 24-6 cent. 

The output per manshift, ace and underground, 
in the third quarter of 1948 was 21-8 cwt., and the 
numbers of manshifts worked per 1,000 tons in each of 
the three categories were: at the coal face, 345; 
elsewhere underground, 345; and on the surface, 226 ; 

i a total, surface and underground, of 916 
manshifts. These are the average figures for all 
collieries ; individual colliery fi vary from 2,000 
to less than 300 manshifts, surface and underground, 
per 1,000 tons produced. 

Many mining engineers believe that a first long-term 
target of 30 cwt. per manshift, surface and under- 
ground, can be reached by 1965. This corresponds to a 
figure of 667 manshifts per 1,000 tons. In this first 
objective there lies an enormous task of manpower 
reorganisation which we propose to discuss from the 
five as of transfer of manpower; the opening of 
new collieries and drift mines ; mechanisation, reorgani- 
sation and reconstruction; expansion of production ; 
and the efficiency of the labour force. 

In the first place, the efficiency of the labour force 
is adversely affected by a lack of concentration into the 
most productive units. Many collieries and seams in 
collieries have outlived their useful life, and, from the 
point of view of Coal Board economy alone, should be 
closed without delay; but there are other factors to 
be considered, such as the loss of tonnage and man- 

wer which mass closure would entail, and therefore, 
the transfer of labour can only be gradual. The closure 
of collieries, or parts of collieries, where alternative 
mining employment is not available locally, creates 
the problem of transferring family and home to another 
district, and has a resultant effect on the life of the 
remaining community. There is not only the question 
of re-employment of the miner to be considered, but 
also the miner’s family. Such migration requires the 
provision of new houses at a reasonable distance from 
the new place of employment and cases have already 
arisen where a local authority has declined to accept 
the financial liability of providing the necessary housing 
at present building costs. The problems created by the 
necessity of migration must be faced, as the saving to 
be gained in cost of production from the increase in 
productivity per person in the developing areas is very 
great indeed. 

Secondly, the efficiency of the labour force to be 
found at a new colliery or a new drift mine should be 
much greater than the average. During the past 
20 years, a limited number of new collieries or mines 


have been opened, but, on the other hand, many have | i 


been closed due to exhaustion or for economic reasons 
in that period. The Board has, in its short-term and 
medium-term programmes, decided to develop the 
shallow coal to be found in relatively small pockets, 
by means of sloping roadways from the surface. Some 
of these drift mines are now producing at a rate of 
over 60 cwt. per manshift, or 333 manshifts per 1,000 
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tons, and while their life is relatively short, varying 
from six to 25 years, and the daily output from each is 
normally from 200 to 500 tons, the saving in manpower 
to be obtained relatively quickly by the development of 
100 or more of these drift mines is very considerable. 

In the medium-term and long-term programmes, 
new collieries will also contribute their share to greater 
manpower efficiency, although with ever-increasing 
depth, larger capacity and more elaborate underground 
design to secure a greater ultimate efficieney, it will 
probably take longer to sink the vertical shafts necessary 
and to develop a modern colliery than it did in the 


The average daily output per colliery will have 
increased substantially by 1965, but the number of 
collieries will have been considerably decreased, despite 
the new collieries and drift mines to be opened. A fact 
which cannot be ignored is that time will be required 
to train a sufficient number of skilled mining engineers 
capable of planning and controlling the development 
of new collieries and mines as well as the reconstruction 
of the many existing ones. Further, the capital 
expenditure programme involved is so immense that 
it can only be carried through gradually without 
throwing out of balance the whole national economy. 

Thirdh , the efficiency of the labour force can be 
increased by further mechanisation at the face, reorgani- 
sation elsewhere underground and reconstruction on 
the surface. At the face, about 345 manshifts per 
1,000 tons were required in the third quarter of 1948. 
Efficiency at the face is fundamental to overall man- 
power efficiency, but it would be wrong to advocate 
the wholesale introduction of new mining equipment 
into all collieries in an endeavour to increase it; and 
although the percentage of machine-cut coal and the 
percen of coal conveyed have both risen to over 
75 per cent., there has been little to show by way of 
increased output per manshift over the years to balance 
the capital expenditure involved. Face mechanisation 
can best be applied in collieries and in seams where 
the natural fo: ~ ma of seam, roof and floor are good, 
and where the seam thickness allows freedom of 
for machine application. In such favourable conditions 
a small but increasing tonnage is being cut and power- 
loaded by machine, but there is still a wide field for 
manpower economy by power-loading. A further 
saving can be expected by the introduction of mech- 
anised conveyor-shifting, to economise in the number 
of men who move the face conveyor close to the coal 
face each day. The proportion of packers who build 
stone pillars to support the roof after coal extraction 
will also be reduced by the introduction of mechanical 
packing machines. It is likely, too, that, where natural 
conditions are good, the setting of the temporary steel 
supports and their withdrawal will be mechanised ; 
but, even with further mechanisation at the coal face, 
heavy manual labour cannot be eliminated. 

Reorganisation elsewhere underground offers perhaps 
an even greater field for economy, particularly of 
transport workers, and in this latter category the 
industry is most wasteful of manpower ; while detailed 
figures are not available to us, we believe that more 
than 200 manshifts per 1,000 tons are required on 
underground transport work out of a total of about 
345 manshifts per 1,000 tons. Many schemes of trans- 
port reorganisation are on foot to reduce the number of 
men on this work. These schemes are designed to 
reduce the number of stages of haulage, to introduce 
roadway conveyors and, where gradients allow, under- 
ground locomotives with mine cars holding from 30 cwt. 
to 5 tons, to replace rope haulage. Transport reorgani- 
sation will be accompanied frequently by improvements 
at the pit-bottom and in winding, such as concentration 
of eee of several shafts to one production 
shaft. 

On the surface, about 226 manshifts are now required 
per 1,000 tons of coal produced. Mechanisation is 
being applied to tub and car handling and in coal 
preparation, and a considerable economy in manpower 
can be anticipated. In addition, it can safely be 
assumed that part of the present steam-raising plant 
at individual collieries will be replaced by inbrought 
electrical power, thus saving manpower; but the 
important question of whether the Coal Board or the 
Electricity Authority is to utilise the low-grade fuel 
released thereby still remains to be settled. Production 
research work, covering both methods and machines, is 
proceeding under the direction of the leading engineers 
in the industry, and technical progress in other coun- 
tries, notably in America, Germany and Holland, is 
being closely studied. 

In the fourth place, the programme for the expansion 
of production envisaged by the Coal Board will, in 
itself, increase the efficiency of the labour force. There 
are many points, both on the surface and underground, 
which require to be fully manned, whether the output 
being raised for the time being is large or not. This is 
particularly true of transport workers, pit-bottomers, 
pumpers, winding-enginemen and others, and is a 
factor which should not be disregarded. 

(To be continued.) 
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WELDING ECONOMICS. 


\ CONFERENCE on “‘ Welding as an Aid to the Saving 
of Steel and Man Power,” organised by the British 
Welding Research Association and the Institute of 
Welding, was held at Ashorne Hill, near Leamington 
Spa, from March 22 to 25. Papers were read on weld- 
ing as applied to structural engineering, shipbuilding, 
railways and machine-tool construction, and the 
economies which could be effected by its proper applica- 
tion were discussed. The conference, which was 
opened by Sir Andrew McCance, D.Sc., F.R.S., agreed 
that though welding was already saving steel and man- 
power, a wider knowledge of this saving was essential, 
and that furhter economies could be made by an 
increase in the use of welding, and a more informed 
approach in many fields in which it was now used. 
To reap its full benefits, designs must be prepared 
specifically for welding, and not copies from methods 
inherent with casting or riveting processes. Other 
conclusions, some of which were of a general nature, 
stressed the importance of further research into 
methods of design, and on new weldable alloy steels, 
the need for steels of low notch-sensitivity, and for 
further developing the use of light-gauge sections in 
welded work. It was also proposed that steelmakers 
should be urged to roll sections which would facilitate 
welding in structures and in ships, and that Authorities 
producing Standards or Codes of Practice should be 
asked to review those cases where margins of safety 
appeared unnecessarily high. 

In his paper on “‘ Welding in General and Construc- 
tional Engineering,”’ Mr.W. 8. Atkins, B.Sc., A.M.I.C.E., 
set out the special features and the advantages offered 
by welding techniques; he discussed the greater 
flexibility in design and the saving in weight over 
riveted structures, problems of erection and mainten- 
ance, and the question of costs. Various points were 
illustrated by a description of an al-welded structure, 
the Abbey Works, at Port Talbot. These works 
include melting shops, and mould-preparation build- 
ings, the smallest being 880 ft. long by 90 ft. wide and 
55 ft. to the eaves; the crane girders are also of all- 
welded construction. It was claimed that the saving 
in weight was due not only to the substitution of weld- 
ing for riveting but also because the associated design 
was more carefully carried out and led to a distribu- 
tion of stress in the finished structure which was 
effected more evenly than in its riveted equivalent. 
Welding, however, demanded a higher standard of 
designing skill. In a particular case, similar welded 
and riveted structures required 19 and 36 pieces 
respectively. 

Although the cost of welded work per unit weight 
was usually greater than that of riveted and bolted 
work, the difference became less marked when there 
was much repetition, and where jigging could be em- 
ployed byscareful design it was ible to reach the 
same cost per ton or even a slightly reduced cost for 
the welded work even though there might also be a 
substantial saving in to weight. Some of the 
difficulties of a structural fabricating firm, apparently, 
were the trade-union rulings given from time to time 
to govern the classes and numbers of men engaged on 
welded work. Though these rulings were mainly 
designed to ensure that trades were properly defined, 
and that no workman should interfere with another’s 
work, it was claimed that their applications sometimes 
led to 50 per cent. more operatives being employed 
than were really necessary for efficient production ; 
it was hoped that efforts would be made to relieve such 
handicaps. Though a welded structure might cost 
more than its riveted equivalent, this difference, in the 
author’s view, was probably due to the greater experi- 
ence available with riveted work, and to the trouble 
of erecting platforms for carrying and lifting the weld- 
ing plant as the job proceeded. Careful design could 
avoid much of this trouble, and where there was a 
multiplicity of small members, it was better to assemble 
them on the ground and so reduce some of the difficul- 
ties of welding on site. 

Complementary to Mr. Atkins’ paper was one on 
“Welded Structures,” by Mr. S. M. Reisser, B.Sc., 
A.M.LC.E., M.I.Struct.E. The objects of this paper 
were to draw a clear distinction between welded and 
riveted structures, to emphasise the main principles 
of design and detailing, to stress the effect of works 
equipment and organisation on the costs of fabrication 
and erection, and to examine certain cases of welded 
work. The importance of considering the question of 
fatigue failures in the design stages was stressed, and 
attention was drawn to the desirability of testing all 
operatives engaged on the fabrication of structural 
components. It was not suggested that welding should 
entirely replace present methods of steel fabrication : 
there were many instances where the traditional 
methods (especially bolting) were the obvious ones to 
employ. In the author’s view, however, the proper 
application of welding techniques would undoubtedly 


ect a con-iderable saving both in costs and construc- 
tional materials. 
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TWIN-SCREW PASSENGER LINER 
** MAGDALENA.” 


THe latest addition to the fleet of Royal Mail 
Lines, the Magdalena, sailed on her maiden voyage to 
South America on Wednesday, March 9. This is the 
third ship to be so named; the first Magdalena, a 
wooden vessel of nearly 3,000 tons, entered the com- 
pany’s service in 1851, while the second Magdalena, 
an iron vessel of some 5,000 tons, was built in 1899. 
According to a statement made by the chairman of the 
Royal Mail Lines, Mr. Walter C. Warwick, delivery of 
the new Magdalena brings their tonnage to within 
20,000 of the gross registered pre-war tonnage and com- 
pletes their post-war building programme. The latest 
Magdalena, a photograph of which is reproduced on 
page 368, is a twin-screw turbine vessel built and en- 


gined by Messrs. Harland and Wolff, Limited, Belfast, | ped 


and, as will be seen from the illustration, the raked stem 
and cruiser stern, together with the single funnel and 
rounded fronts to the main and bridge superstructures, 
combine to give the vessel an attractive appearance. 
The funnel is of icular interest as its shape is based 
on the results of tests carried out in one of the wind 
tunnels of the National Physical Laboratory in order to 
determine the form most likely to keep the decks clear 
of smoke. The Magdalena carries two classes of passen- 
gers, namely, first and third, the number of 

in each class being 133 and 346, respectively. The 
accommodation for the first-class is of an 
exceptionally high standard, the cabins, which have 
either one or two berths, being situated on the bridge 
and promenade decks and arranged so that each has 
an outboard-facing sliding window. All the cabins 
are air conditioned and the windows may be opened at 
will without affecting the air-conditioning system, 
which, for the cabins, is of the non-recirculatory type. 
The first-class public rooms also are all air conditioned ; 
and it is stated that the Magdalena is the first British- 
built ship to have the first-class accommodation air 
conditioned throughout. 

The vessel has been constructed under Lloyd’s and 
Ministry of Transport Survey for the owners’ South 
American service. The length overall is 570 ft., 
the moulded breadth 73 ft., and the depth, moulded 
to the shelter deck, 45 ft., while the gross i 
to is 17,547. There are four complete steel 
decks, an orlop deck forward and aft of the machinery 
space, except in No. 1 hold, a bridge deck and fore- 
castle, promenade, boat and observation decks. The 
hull is divided into nine compartments by eight 
watertight bulkheads, and there is a continuous double 
bottom arra to carry fresh water, water ballast, 
lubricating oil and oil fuel, the fore and after peak 
tanks being arranged for water ballast. Deep tanks 
forward of the machinery space are intended for 
the carriage of oil fuel and the space between the shaft 
tunnels for Diesel fuel, the spaces at the sides of shaft 
tunnels below No. 4 hold being allocated for fresh water 
or water ballast. There are three cargo holds forward 
and two aft of the machinery space, with corresponding 
*tween-deck 8 . With the exception of No. 1 hold 
and No. 1 shelter *tween decks, the cargo spaces 
are fitted out for the carriage of chilled meat, No. 1 
hold being arranged for frozen meat and No. | shelter 
*tween decks for general and special cargo. The 
cargo-hanling equipment has been designed for the 
rapid discharge of refrigerated cargo, the hatches being 
served by 16 tubular-steel derricks, two for 10-ton 
loads, six for 5-ton, and eight for 3-ton loads, each 
derrick being operated by an electric winch. An 
electric ulate and warping winch are fitted on the 
forecastle deck and there are two electrically-operated 

ing capstans aft on the shelter deck. 

The ropelling machinery was constructed by the 
shipbuilders, and consists of a two-shaft ent 
of Parsons-t; triple-expansion geared turbines de- 
signed for an inlet steam pressure of 500 lb. per square 
inch absolute and a temperature of 815 deg. F. The 
total output under these conditions is 18,000 shaft horse- 

wer at 105 r.p.m. of the propellers, but provision has 

made for a continuous overload output of 19,800 
shaft horse-power at 109 r.p.m. For astern propul- 
sion, a high-pressure impulse turbine is incorporated 
in the intermediate-pressure ahead casing, which ex- 
hausts into a low-pressure impulse turbine in the 
exhaust casing of the low-pressure ahead turbine. 
Steam for the turbines is supplied by two water-tube 
boilers of Messrs. Foster Wheeler’s controlled super- 
heat design, constructed by the shipbuilders. e 
ment of the machinery is unusual, in that the 
boilers, the turbo generators and Diesel generators are 
located in the engine room, an arrangement which gives 
exceptionally compact machinery spaces. A general 
view of the engine room is given in Fig. 3, on page 372, 
while Figs. 5 and 6, on the same page, are port and 
starboard views of the starting platform, respectively. 

The ahead turbines are of the all-reaction type, end- 
tightened blading being fitted to the high- 
and intermediate-pressure turbines. The turbine rotors 
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blading is made from stainless iron with mild-steel 
packing sections, stainless-iron shrouding and Low- 
moor-iron side-locking strips. The high-pressure and 
intermediate-pressure ahead casings are steel castings 
and the low-pressure ahead casings are of close- 
grained cast iron. The impulse blades for the astern 
turbines are of stainless steel and, like the ahead 
high- and intermediate-pressure casings, the astern 
high-pressure casings and nozzle boxes are of cast- 
steel. In order to obviate flow of steam from the 
ahead to the astern side of the turbine casing, a par- 
tition is cast in the upper and lower halves of the 
intermediate-pressure turbine casing so as to form a 
division between the two turbines, the partition being 
fitted with labyrinth i In accordance with 
usual practice, the forward ends of the turbine casings 
are per at their front ends by fabricated-steel 

es while the after ends are bolted directly to 
the gearcases. The receiver pipes between the high- 
and intermediate-pressure turbines and the inter- 
mediate- and low-pressure turbines are of fabricated 
steel construction. In order to facilitate the lifting of 
the covers, the pipes are arranged on the lower parts 
of the turbine casings and are suitably supported so 
as to relieve the turbine casings of excessive load. 
Emergency connections are provided so that any one 
of the three turbines of each set can be operated by 
itself in the event of the others being disabled. Aspinall 
cut-out governors are fitted to both sets of turbines. 
These are arranged to shut the self-closing main-boiler 
stop valves when the revolutions reach a predetermined 
limit and if failure of either the adjusting blocks or the 
lubricating system should occur. Gland condensers 
are fitted to both ends of all turbines. Each unit 
consists of a gland-vapour condenser and injector 
condenser in: ted in the same casing, the ejectors 
being supplied with saturated steam at 100 lb. per 
square inch from the auxiliary range while the con- 
densers are circulated with the condensate discharged 
by the water extraction pumps. 

Each turbine is connected to the gearing through a 
flexible coupling of the claw type. The ing is 
of the double-reduction type throughout, the three 
primary pinions of each set meshing with separate 
primary wheels which, in turn, mesh with a common 
wheel driving the main shafting. Double-helical 

ing is employed throughout, Parsons ,7,-in. pitch 
all-addendum tooth form being used for the primary 
gears and y in. pitch deep-form standard involute 
teeth for the secondary gears. The main gear wheels 
have cast-iron centres with forged-steel rims shrunk 
on and pinned in position, the pinions being made 
from normalised nickel steel. The upper portions of 
the gearcases are iron castings while the lower portions 
are of fabricated-steel construction, the covers being 
so that the pinions can be lifted without undue 
difficulty. The bearing bushes for the pinion shafts are 
independent gunmetal castings, while those for the 
main shafts are of cast iron. The turbines and gearing 
are —_— with lubricant by four motor-driven rotary- 
type lubricating-oil pumps, two being allocated for each 
set, one working and one stand-by. Each pump has a 
capacity of 70 tons an hour against a pressure of 65 Ib. 
per square inch; they draw the oil from drain tanks 
situated in the double bottom and discharge through 
coolers to the elevated oil-supply tanks. The pumps 
are fitted with suction strainers of the magnetic type 
and Clinsol discharge strainers, and the oil is purified 
in a centrifugal purifier having a capacity of 350 gallons 
an hour. 
The thrust blocks are of the Michell type with bearing 
of cast iron faced with white metal. The thrust; 

tunnel and propeller shafts are forged from Siemens- 
Martin ingot steel machined all over, their diameters 
being 19} in., 18} in. and 20} in., respectively. A thrust 
collar is provided on each aftermost length of the tunnel 
shafting, the forward ends of the aftermost bearings and 
covers being faced with white metal so as to act as 

iling blocks, the clearance between the blocks and 
the being 14 in. The tunnel bearings are of the 
self-lubricated type designed and manufactured by the 
shipbuilders. They are water cooled, the cooling water 
being obtained from the main salt-water circulati 
system. The propellers are of the solid three-b 
type; they are of manganese-bronze and were con- 
structed to the builders’ latest aerofoil design. 

The low-pressure turbines exhaust into underslung 
condensers of Messrs. Weir’s regenerative type. Each 
condenser has a cooling surface of 9,500 sq. ft., and is 
designed to maintain a vacuum of 29 in. of m 
with a circulating-water inlet temperature of 60 deg. ¥. 
or 27} in. with an inlet temperature of 85 deg. F. 
when the turbines are developing their full power. 
The cooling surface is ntipend of }-in. external dia- 
meter tubes of Yorcalbro aluminium-brass, while the 
tube plates are of naval brass, 14 in. thick. The shells 
are fabricated from }4-in. mild-steel plate, the water 
boxes and end covers ae iron castings. Circulati 
water is provided by four electrically-driven centrifuga. 
pumps, two working and two stand-by ; each pump can 





are of Siemens-Martin forged steel, while the reaction 


deliver 5,500 gallons of water a minute against an 
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inclusive head of 20 ft. Air is extracted by steam-jet 
air ejectors, which are supplied with steam at 100 lb. 
per square inch from the auxili , while the 
condensate is extracted by Weir Lo-hed two-stage 
centrifugal pumps. The pumps are electrically driven, 
there being four in all, two working and two stand-by, 
and each pump is capable of delivering 97,500 Ib. of 
water an hour under normal conditions, or 123,500 Ib. as 
a maximum load against a pressure of 30 lb. per square 
inch. As previously mentioned, the condensate is 
circulated through the gland-vapour condensers, from 
which it is discharged at approximately 95 deg. F. 
It then passes through the feed-heating system. i 
consists of three units, namely, drain cooler and low- 
pressure and high-pressure heaters, the system being 
capable of dealing with 180,000 Ib. of feed water an 
hour at a final temperature of 300 deg. F. The drain 
cooler raises the feed temperature to approximately 
133 deg. F., the heating medium being the discharge 
from the low-pressure heater, while the low-pressure 
heater, which raises the feed temperature to 245 deg. F. 
is fed from a tapping from the main: turbines at a 
pressure of 37-5 lb. per square inch absolute with 
82 deg. F. superheat. The high-pressure feed heater 
receives steam ta’ from the main turbines at a 
pressure of 111 Ib. inch absolute with 
180 deg. F. superheat; it also takes the discharge 
from the steam generator. For heating during 
manceuvring and for supplying make-up feed, a con- 
nection is provided to the auxiliary saturated-steam 


range. 

The Weir closed-feed system is employed, the feed 
tank being for supplying ype nd 
feed water to the main condensers and for receiving 
the overflow. The quantity of feed water entering or 
leaving the closed-feed system is ted by two 
closed-feed control valves supplied and manufactured 


by Messrs. G. and J. Weir, Limited. Two horizontal | op 


turbo-driven two-stage centrifugal feed pumps are 
provided, one working and one stand-by. Each is 
capable of supplying 180,000 lb. an hour against a 
pressure of 675 Ib. per square inch gauge when supplied 
with steam at a pressure of 525 lb. per square inch ard 
a temperature of 825 deg. F., the maximum output 
under the same conditions being 247,000 Ib. per hour. 
An auxiliary feed pump of the Simplex direct-acting 
RNS vided 

. Two evaporators are installed on the star- 
board side of the engine room, each of which is capable 
of producing 35 tons of fresh water in 24 hours when 
supplied with steam from the high-pressure comeee 
steam range, that is, at 111 lb. per square inch and 180 
deg. F. superheat. For boiler use, the evaporators are 
fed with water from the double-bottom reserve-feed 
tanks, while for ship’s use, or boiler emergency, the 
feed is taken from the discharge of the auxiliary- 
condenser sea-water circulating pump. A distiller, 
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capable of producing 35 tons of fresh water in 24 hours, 
is provided also, and this is arranged to take steam either 
from the evaporators or from the auxiliary steam range. 
The distillate is withdrawn by a pump and delivered 
to the domestic fresh-water tanks for ship’s use, and to 
the distilled-water and reserve-feed tanks for boiler use. 

As previously mentioned, steam for the main engines 
is provided by two water-tube boilers of Messrs. Foster 
Wheeler’s controlled-superheat design manufactured 
by the shipbuilders. When in port, auxiliary steam is 
supplied by two Nelvin oil-fired boilers, each of which 
has a capacity of 4,000 lb. of steam an hour at a 


This | pressure of 100 lb. per square inch, and is arranged to 


burn oil fuel on the Wallsend low-pressure gravity 
system. In order to obviate the use of the auxiliary 
boilers at sea, a Weir steam generator is installed in 
the port side of the engine room. This is capable of 
producing 8,000 lb. of steam per hour at 100 lb. per 
square inch when supplied with saturated steam at 
535 Ib. per square inch, the heating surface consisting of 
solid-drawn copper coils. The steam generator is fitted 
with the us mountings, including a feed-water 
tor. 

The two main boilers are opposite handed and are 
situated in the engine room, the furnace fronts being 
so that they are opposite the starting plat- 

forms. The boilers - designed for a working A ne 
of 525 lb. per square inch at the superheater outlet, 
while the superheat temperature can be controlled 
from approximately 600 deg. F. to a maximum of 
825 deg. F. The total generating surface of each 
boiler is 15,680 sq. ft., of which 7,225 sq. ft. is made 
up by the economiser, while the superheat heating 
surface is 2,120 sq. ft., the normal evaporation being 
90,000 Ib. hour. A drawing showing the front 
elevation of the starboard boiler and a transverse 
section of the port boiler is reproduced in Fig. 2, on the 
posite page. Each boiler consists of a large upper 
steam drum lettered a, below which is situated the 
main water drum 6 and an intermediate water drum c, 
the latter being on the same level but located outboard 
from the main water drum. The main bank of tubes d, 
in which the superheater e is located, and the uptake f 
are situated inboard and the furnace is divided into 
inboard and outboard sections by the substantial bank 
of water tubes g. This bank of tubes is known as the 
intermediate bank and as will be seen from the illus- 
tration, it extends from the steam drum down to the 
intermediate water drum c. The two sections of the 
furnace so formed are heated by separate banks of 
burners, there being five burners for the inboard furnace 
and three for the outboard furnace. These two sets 
of burners are lettered h and j, respectively, in Fig. 2, 
and it will be obvious that, as the gases reachi 
the superheater from the outboard furnace have to 
pass through the intermediate tube bank g on their 
way to the uptake, they will be cooler than those 











coming from the inboard furnace. Control of the 
superheat can be obtained, therefore, by altering the 
ratio of fuel burnt in the separate furnaces. 

In addition to the main and intermediate banks of 
tubes, the steam drum is connected to each end of the 
main and intermediate water drums by large external 
downcomers indicated on the right in Fig. 2. The 
roof, side and back of the outboard furnace are cooled 
by tubes expanded into the steam drum at the top 
and into separate headers at the bottom, the headers, 
in turn, being connected to the intermediate water 
drum by further tubes arranged below the furnace 
floor. Similar arrangements are made for cooling 
the inboard furnace. The superheater is of the 
convection multiple-pass type and consists of a series 
of nearly horizontal concentric U-bend elements 
expanded into headers located at the rear of the boiler, 
the elements being arra so that there is a continuous 
slope from inlet to outlet. The required number of 
passes for the steam is obtained by plates welded into 
the header, the plates being perforated to allow venting 
and draining. The elements are supported by a series 
of plates perforated to receive the tubes, the plates, in 
turn, being carried by two large water tubes, the ends 
of which are rolled into the steam and main water 
drums ; one of these tubes is lettered k in Fig. 2. 

Both boilers are fitted with Foster extended-surface 
economisers, the elements, which are in 
banks at the bottom of the uptakes, being fitted with 
cast-iron gills. Air heaters, not shown in Fig. 2, are 
located in the uptakes above the economisers ; these 
are of the vertical-tubular type, each having a heating 
surface of 8,235 sq. ft. The boilers are arranged to 
burn oil fuel under Howden’s system of forced and 
induced draught, each forced-draught fan having been 
designed to adver 36,500 cub. ft. of air per minute 
against a pressure of,7} in. of water and the induced- 
draught fan 54,000 cub. ft. of air per minute; both 
fans are electrically driven. A Weir float-operated 
alarm is fitted to each boiler, the alarms being arranged 
to shut off the fuel supply to the burners should the 
water level in the steam drum fall too low for safety. 
The oil-fuel installation consists of two separate 
Wallsend plants, each of which has a normal capacity 
of 13,000 Ib. an hour, the pressure at the burners 
being 300 Ib. per square inch. Each unit comprises 
@ pressure pump and suction and discharge filters, the 
emergency shut-down valves incorporated in the 

i line being provided with escape valves, the 
returns from which lead to the pump suctions. The 
uptakes from each boiler are fitted with soot collectors 
of the Howden vortex wet t ; the water for them 
is supplied by two vertical electrically-driven two- 


hing | stage centrifugal pumps, each capable of delivering 


70 tons of sea water an hour against au iuclnsive head 
of 200 ft. 
The auxiliary machinery generally ie electrically 
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driven, the chief exceptions being the main and auxiliary 
feed pumps, the assistant feed pump and the air 
ejectors, all of which are steam driven. Direct current 
for the engine room and ship’s services is supplied at 
225 volts by two turbo-generators and two Diesel 
generators, the former for use at sea and the latter for 
use in port. The turbo-generating sets were supplied 
by Messra. Peter Brotherhood, Limited, Peterborough. 
Each is a self-contained unit consisting of a multi- 
stage impulse turbine mounted directly on a surface 
condenser and arranged to drive the generator through 
double-helical gearing. The comm output of each 
set is 700 kW at 225 volts, but additional nozzles are 
provided so that an increased output may be obtained ; 
the nozzles also pu the turbines to operate at 
full load with either reduced steam pressure or low 
pe pret The steam and — end casings are 
steel and iron castings, ively, the casings being 
split along the Selaeatil’ Geates line to facilitate 
inspection. The turbine rotor is made from 50/55-ton 
steel and the nozzle box and plate from non-creep steel, 
while all blading is manufactured from 5 per cent. nickel 
steel. The baseplate and the bottom and cover 
of the gear case are of fabricated-steel construction, 
but the top half of the case is a steel casting. The 
extraction and circulating-water pumps, together with 
the lubricating-oil pumps, are driven from the high- 
speed shaft through worm gearing, the circulating-water 
pump being of the centrifugal type with a double entry 
impeller. The speed-control governor is of the centri- 
fugal type, the steam supply being regulated by an 
oil-operated relay arranged so that the set is 
shut down automatically should failure occur of either 
the lubricating-oil ure or the vacuum. In the 
event of the speed becoming too high owing to incorrect 
governor setting or breakage, a trip or emergency 
governor operates to stop the machine, motoring of 
the generator being prevented by a mechanically- 
operated electrical trip switch. 

The Diesel generators are of the shipbuilder’s design 
and construction, each having an output of 360 kW 
at 225 volts. The engines are of the six-cylinder, four- 
stroke, single-acting, airless-injection enclosed type, 
the bore and stroke being 380 mm. and 570 mm., 
respectively. Each engine is a self-contained unit, 
being provided with its own lubricating and fresh-water 
cooling systems. The starting air is stored in two 
reservoirs, each of 75 cub. ft. capacity, which are 
charged from either electrically- or steam-driven two- 








set is installed in a deck house at the after 
end of the vessel above the bulkhead deck. This 
set was supplied by Messrs. Davey, Paxman and Com- 
imi i with its own air-com- 
pressing plant, cooling system and distribution panel. 
The refrigerating machinery for the cargo and pro- 
vision spaces was installed by Messrs. J. and E. Hall, 
Limited, Dartford, Kent. It is situated in a flat above 
the main engine room and comprises three horizontal 
twin-cylinder ante CO, compressors, each 
driven by a variable-speed electric motor, together with 
the usual condensers, evaporators, etc. There is also a 
small automatic machine for providing low-temperature 
brine for cooling a small compartment of about 
2,500 cub. ft. capacity down to —10 deg. F. The 
machine uses Freon 12 as the refrigerant and the con- 
denser is circulated with brine from the main plant. 
A general view of the refrigerating machinery is given 
in Fig. 4, on page 372. The refrigerated cargo spaces 
comprise 41 compartments, having a total capacity of 
approximately 460,000 cub. ft., while the provision 
spaces have a total capacity of 11,700 cub. ft. All the 
o and provision s are cooled by air circu- 
lation on the vertical system, the air-cooling bat- 
teries being of the normal dry-pipe type. The fans are 
of the atiel flow propeller pattern with blades of aerofoil 
section, the fan motors being mounted in the air stream 


tigi air compressors. A Diesel-driven emergency- 
ighti 


with the runner on the armature shaft for the cargo | sary 


, while the provision-room fans are of the ex- 
a type with the motors outside the 
insulated bulkheads. The main brine system is of the 
enclosed type and is arranged for brine circulation at 
three working temperatures in addition to the usual 
thawing-off temperature. 

Also, a Foster-Wheeler steam-jet vacuum refriger- 
ating plant is installed on the same flat as the main 
refrigerating plant. This serves the dual purpose of 
providing chilled water for the air-conditioning plant 
and of sub-cooling the CO, liquid of the main plant 
during conditions of peak load. When the vessel is at 
sea, the plant uses steam bled from the main turbines, 
but it is arranged also to take steam directly from the 
donkey boilers sc that it can be operated in port. The 
| owcany has a total capacity of 2,400,000 B.Th.U. per 

our when working with circulating water at 85 deg. F. 
and cvoling chilled water from 51 deg. F. to 45 deg. F. 
Four steam-jet units are installed, one of which is 
coupled permanently to an auxiliary flash chamber in 
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which the CO, cooling coils are arranged. This unit 
can be used either for providing chilled water for 
air conditioning or for CO, liquid cooling at will; 
a stand-by connection is provided, however, between 
the auxiliary flash chamber and a second thermo- 
compressor. A steam calorifier is coupled into the 
chilled-water mains so that the same system can be 
used for heating or cooling. The plant is provided 
with a vertical sea-water circulating pump, driven by a 
50-h.p. motor, and two vertical two-stage chilled-water 
pumps driven by similar motors. The condensate 
pump is of the horizontal type, and is driven by a 6-h.p. 
motor. 

As viously mentioned, the Magdalena carries 
133 first-class an 346 third-class the former 
being accommodated on the bridge and promenade 
decks. The first-class public rooms are situated at 
the forward end of the main superstructure and 
consist of a main lounge on the boat deck, a smoking 
room on the promenade deck and the dining saloon 
on “B” deck, while over the main lounge is an 
observation lounge. Aft of the latter, on the star- 
board side, is a small library and occupying a similar 
space, but on the port side, is the writing room. Other 
amenities for the first-class rs include a 
swimming pool and lido aft on the promenade deck and 
& gymnasium. All the public rooms are pleasantly 
furnished and there is a complete absence 


unneces- 
decoration and ess. The accommodation 
for the third-class passengers is aft on the 


upper deck in two- and four-berth rooms and in eight- 
and ten-berth cubicles, each space being mechanically 
ventilated and fitted with a wash basin. The third- 
class public rooms are all situated aft on the shelter 
deck, and consist of a dining saloon seating 174 persons, 
a smoke room and a lounge. The captain and deck 
officers are accommodated in the island house formed 
by the bridge superstructure, the deck officers each 
having a separate room, together with smoking room, 
office, bathrooms, etc. A notable feature is the 
accommodation for the engineer officers, which is 
situated on the observation and boat decks. Each 
engineer has a separate cabin, and a smoke room is 
provided for their use; furthermore, of “E” 
deck is reserved for their use exclusively. An engi- 
neers’ mess, however, is not provided as all officers 
dine in the first-class saloon ; a small room close to the 
engine spaces, however, is set aside for use by the 
engineers on watch. 
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The vessel is well fitted out, the navigational equip- 
ment including a Metropolitan-Vickers ‘‘ Seascan ” 
Radar installation, and a Sperry Mark XIV gyro- 
compass, with steering and bearing repeaters, as well 
as an additional repeater in the radio room. The life- 
saving equipment includes one 26-ft. lifeboat fitted with 
oT engine, and “ 31-ft. and three 26-ft. life- 

ts equipped with Fleming hand-propelling q 
All the lifeboats are built from Sustain oie A poet 
carried by Barclay davits fitted with electric winches. 
The fire-protection arrangements include a Pyrene 
smoke-detector with audible alarm for the cargo spaces 
and a Grinnell sprinkler system throughout the accom- 
modation. The Magdalena will be engaged on the 
London, Brazil and River Plate mail, passenger and 
cargo service, the time on voyage being 21 days. She 
has a designed speed of 18 knots and during trials off 
Arran in the Firth of Clyde, this speed was exceeded by 
a comfortable margin. There is a marked absence of 
vibration and on the run from Belfast to London, 
during which some heavy weather was encountered, it 
was noted that the vessel gave easily to the seas, but 
was remarkably free from undue motion. 





CONTRACTS. 


Messrs. A.E.C. LIMITED, Southall, Middlesex, have 
received orders from the Newcastle-upon-Tyne Corpora- 
tion for 40 Regent Mark III double-deck passenger road 
vehicles, and from Bee Line Roadways, West Hartlepool, 
for 21 Regal Mark III single-deck road vehicles. Orders 
have also been received from other passenger undertakings 
and, among contracts for goods vehicles, is a repeat order 
from the London Brick Company, Limited, for twelve of 
the firm’s Mammoth Major Mark III eight-wheel vehicles. 

Messrs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, have received 
an order from the London Transport Executive for 94 
type-L.T.111 motors for new surface-line rolling stock. 
These motors have a one-hour rating of 110 h.p., and a 
continuous rating of 80 h.p. Last year, 156 of these 
motors were ordered from the General Electric Company 
by the Executive. In the new trains for which these 
motors have been ordered every coach will have two 
motored axles. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “* Karapoi.”—Twin-screw refrigerated-cargo ves- 
sel, built by Messrs. Henry Robb, Limited, Leith, for the 
Union Steam Ship Company of New Zealand, Limited, 
Wellington, New Zealand. Fourth vessel of an order for 
six. Main dimensions ; 290 ft. (between perpendiculars) 
by 43 ft. by 19 ft. 6 in. to upper deck; deadweight 
capacity, 3,030 tons on a mean draught of 17 ft. 3 in. 
Two five-cylinder Diesel engines of 1,450 b.h.p. aggre- 
gate, at 220 rp.m., supplied by Messrs. British Polar 
Engines, Limited, Glasgow, to give a speed of 11 knots. 
Launch March 16. 

M.S. “‘ BRITISH FREEDOM.”—Single-screw oil tanker, 
built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for the British Tanker 
Company, Limited, London, E.C.2. Thirty-fourth tanker 
built for these owners. Main dimensions: 547 ft. by 
69 ft. 6 in. by 37 ft. 6 in.; deadweight capacity, 15,875 
tons on a draught of 30 ft.; gross tonnage, 11,200. 
Six-cylinder opposed-piston two-stroke Wallsend-Doxford 
Diesel engine, to develop 6,400 b.h.p. at 115 r.p.m. 
Service speed, 132 knots. Launch, March 30. 

8.S. “* Rratto.”—Single-screw cargo liner, carrying 
12 passengers, built and engined by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Walker, 
Newcastle-upon Tyne, for Messrs. Ellerman’s Wilson 
Line, Limited, Hull. Main dimensions: 419 ft. 7 in. 
by 55 ft. 6 in. by 36 ft. 34 in. to shelter deck; dead- 
weight capacity, 7,050 tons on a draught of 25 ft. 6} in. 
Triple-expansion engines working in conjunction with 
an exhaust turbine on the Bauer-Wach system. Speed 
on trial exceeded 15 knots. Trial trip, April 5. 

M.S. “ MurpocH.”—Single-screw collier, built by 
Messrs. Hall, Russell and Company, Limited, Aberdeen, 
for the Gas Light and Coke Company, London. Main 
dimensions: 260 ft. (between perpendiculars) by 39 ft. 
6 in. by 18 ft. 6 in.; deadweight capacity, about 2,700 
tons. Eight-cylinder Diesel engine to develop 1,180 
b.h.p. at 225 r.p.m., constructed by Messrs. British Polar 
Engines, Limited, Glasgow, and installed by the ship- 
builders. Launch, April 11. 

M.S. “ BriTIsH ARDOUR.”—Single-screw tanker, built 
by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Walker, Newcastle-upon-Tyne, for the British 
Tanker Company, Limited, London, E.C.2. Thirty-fifth 
tanker built for these owners. Main dimersions: 490 ft. 
by 61 ft. 9 in. by 34 ft. 1 in.; deadweight capacity, 
12,250 tons on a summer draught of 27 ft. 7 in. Four- 
cylinder opposed-piston Swan Hunter-Doxford Diesel 
engine to give a service speed of about 11} knots. 
Launch, April 12. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, at 
the price quoted at the end of each paragraph. 


Electrically-Welded Mild-Steel Chain.—During recent 
years there has been considerable development in the 
manufacture of electrically-welded chain and, in conse- 
quence, B.S. No. 590, which covers this material and 
was first issued in 1935, has been revised and issued 
in amended form. The previous edition, in effect, was 
limited to butt-welded chain and referred to two quali- 
ties, namely, “‘ standard ” and “ special ” which differed 
in test load but were rated at the same working load. 
The present edition deals only with one quality, 
equivalent to the previous “standard.” A further 
specification dealing with steel chain of higher tensile 
strength is in course of preparation. The size of a 
chain is defined as being that of the nominal 
diameter of the steel bar from which it is made, and, 
in the previous edition, the maximum size was }j in. 
This has now been increased to 1} in. In place of a 
minimum extension under a predetermined test load 
without fracture, a minimum energy absorption factor, 
obtained by multiplying the ultimate load in tons per 
square inch by the ultimate extension in inches, on a 
gauge length of 36 in., has been substituted. [Price 
2s. 6d., postage included.] 

Dimensions of Anchor Cables.—A revised edition of 
B.S. No. 3006, relating to the dimensions of ships’ 
stud link anchor cables has now been issued to replace 
that published in 1924. That edition contained provi- 
sions regarding material and manufacture which limited 
it to fire-welded wrought-iron stud link cable. Electric- 
ally-welded stud link cable is now in extensive use and, 
in the new revised edition, material and mode of 
manufacture are intentionally omitted. There is now 
only one table of sizes in fractions of an inch, the calcu- 
lated dimensions in which have been rounded off to 
the nearest one-sixteenth of an inch. Lugless shackles 
which do not require enlarged and end links are recom- 
mended and a typical assembly, including such a 
shackle, is illustrated. [Price 2s. 6d., postage included.] 





BOOKS RECEIVED. 


Diesel Engine Design. By T. D. WatsHaw. George 
Newnes, Limited, Tower House, Southampton-street, 
Strand, London, W.C.2. [Price 35s. net.] 

Electrical Accidents. By K. V. KARANTHA. Harsha 
Printery and Publications, Puttur, 8. Kanara, Madras. 
[Price 3 rupees 8 annas.] 

Basic Technical Electricity. By Proressor H. Corton. 
Cleaver-Hume Press, Limited, 42a, South Audley- 
street, London, W.1. [Price 8s. 6d. net.] 

Ministry of Transport. Railway Accidents. Report on 
the Accident Which Occurred on 29th November, 1948, 
at Griseburn in the London Midland Region of British 
Railways. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 2d. net.] 

Introduction to Applied Mathematics. By PrRoressor 
FRANCIS D. MURNAGHAN. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 


U.S.A. [Price 5 dols.] Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
30s. net.] 


Public Health Engineering. A Textbook of the Principles 
of Environmental Sanitation. By PROFESSOR EARLE B. 
PHELPS. Volume I. Part One. The Air Contact. 
With a chapter on Insects and Insect Control, by 
Harry D. Pratr. Part Two. The Water Contact. 
In collaboration with PROFESSOR CLARENCE J. VELZz. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 7-50 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 45s. net.] 

Business Charts. An Explanation of the Various Types 
of Charts Used in Business, and of the Principles 
Governing the Correct Presentation of Facts by Graphical 
Methods. By T. G. Rose. Fourth edition. Sir 
Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 18s. net.] 

Finance of Oversea Trade. By W. W. SyReEtTr. Second 
edition. Sir Isaac Pitman and Sons, Limited, Parker- 
street, Kingsway, London, W.C.2. [Price 15s. net.] 

Department of Scientific and Industrial Research. Forest 
Products Research Records. No. 30. The Natural 
Durability of Timber. By D. N. Smirn. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
6d. net.] 

Yale University Bureau of Highway Traffic. Technical 
Report No. 4. Studies of Weaving and Merging 
Trafic: A Symposium. By F. Houston Wynn, 
STEWART M. GouURLAY and RICHARD I. STRICKLAND. 
Bureau of Highway Traffic, Yale University, Strath- 
cona Hall, New Haven, Connecticut, U.S.A. 


PERSONAL. 


H.R.H. THe DvuKE oF EDINBURGH has accepted 
honorary membership of the Institute of Marine Engi- 
neers. At a recent Council meeting, ENGINEER Cap- 
TAIN W. A. GRAHAM, O.B.E., R.N.R., was elected an 
honorary member in recognition of his 50 years’ mem- 
bership of the Institute. 

Mr. H. J. ESOREET, B.Sc. (Eng.) (Lond.), M.1.C.B., 
distributing engineer of the Gas Light and Coke Company, 
has been appointed distributing engineer of the North 
Thames Gas Board. 

Str FRANCIS BRAKE, M.I.E.E., has been made deputy 
chairman of British South American Airways Corporation 
in place of Sir JOHN STEPHENSON, C.B.E., who has been 
appointed chairman of the South-East Area Gas Board. 
Mr. WHITNEY Straicut, ©C.B.E., M.C., D.F.C., chief 
executive of the British Overseas Airways Corporation, 
has been appointed a member of the board of the British 
South American Airways Corporation. 

Mr. G. L. Cones has been appointed chief technical 
adviser of Shell-Mex and B.P. Limited, Shell-Mex House, 
Strand, London, W.C.2, in succession to Mr. W. 8. AULT, 
who recently became chief chemist of the Shell and 
Anglo-Saxon Petroleum Companies. 

Mr. Henry Davies, F.R.Ae.8., has been made assistant 
designer in the Aircraft Drawing Office of the Bristol 
Aeroplane Company, Limited. 

Messrs, AUTOMOTIVE PRopUCTS COMPANY, LIMITED, 
Leamington Spa, announce that Mr. A. C. BURDON, 
Mr. N. SPuRGEON and Mr. E. W. SwaLes, who are 
directors of the LOCKHEED HYDRAULIC BRAKE COMPANY, 
LImIrep, have been appointed to the board of Bore anp 
Breck Company, LimIrep. Mr. J. B. EmMmorr has also 
been made a director of this company. Mr. N. Spur- 
GEON, the secretary of these three concerns has been 
appointed to the board of Automotive Products Company, 
Limited. 

Mr. G. CRAWFORD, M.I.Mar.E., has been appointed 
senior marine engineer, East African Railways and 
Harbours, Tanganyika Section, at Dar-es-Salaam. 

Mr. P. W. Howarp, who has been general sales mana - 
ger of the British Tyre and Rubber Company, Limited, 
Herga House, Vincent-square, London, 8.W.1, since 
1930, has been elected to a seat on the board. 

Mr. A. G. EVERSHED, audit officer, London Transport 
Executive, 55, Broadway, London, S.W.1, has been 
appointed to the new post of economic efficiency officer. 
Mr. E. 8S. H. EALEs has been appointed acting audit 
officer. 

Mr. J. C. Dykes, A.F.R.Ae.S., has been appointed 
assistant technical development director (engineering) 
to the British Overseas Airways Corporation. 

Messrs. METALCLAD LIMITED, Neath, Glamorgan, 
are transferring gradually both the administrative and 
the productive sides of their business to Stanningley, 
Leeds, within the works of the parent concern, MEssrs. 
GEORGE COHEN, SONS AND COMPANY LIMITED. More- 
over, the company’s newly-equipped foundry at Beaufort 
Works, Morriston, Swansea, has now commenced produc- 
tion and will eventually provide all the iron castings 
required by Metalclad. 

Messrs. THE BRITISH CENTRAL ELECTRICAL COMPANY, 
LiwiTrep, 6 and 8, Rosebery-avenue, London, E.C.1, 
have been appointed the London stockists of motors 
manufactured by the ELECTRIC CONSTRUCTION COMPANY, 
LIMITED, Wolverhampton. 

Messrs. COMPRESSION IGNITION LIMITED, 104, The 
Green, Twickenham, Middlesex, are to take over the 
sale of Twiflex couplings, designed and manufactured by 
them, from Messrs. FLEXAIRE LIMITED, as from May 1. 
All inquiries on the matter should be addressed to Messrs. 
Compression Ignition’s laboratory at Church-road, 
Burstow, Horley, Surrey. 

Messrs. BIRMINGHAM TOOL AND GAUGE COMPANY, 
LiMiTED, Soho Hill, Handsworth, Birmingham, 19, who 
already represent Messrs. C. E. JOHANSSON LIMITED, 
for the sale of ground-thread taps in a number of Midland 
counties, have now been accorded sole representation for 
the County of Yorkshire for this company. 

Messrs. STEEL PLANT AUXILIARIES LIMITED, 180, 
Attercliffe-road, Sheffield, 4, have been appointed agente, 
in South Yorkshire and the North Midlands, for CLYDE 
CRANE AND BootH LIMITED, comprising JosEPH BooTH 
AND BROTHERS, Rodley, Leeds; CLYDE CRANE AND 
ENGINEERING COMPANY, Mossend, Lanarkshire, and the 
LEEDS ENGINEERING AND HYDRAULIC COMPANY, 
Liwirep, Rodley, Leeds. This agency was held until 
recently by the late Mr. O. W. HAWKE. 





MopEL Ratway EXHIBsITION.—Over 3,000 models, 
mostly of miniature-gauge locomotives and rolling stock, 
are being shown at the Model Railway Exhibition, which 
closes at the Central Hall, Westminster, London, S.W.1, 
to-morrow, Saturday, April 23. The exhibition has been 
organised by the Model Railway Club, and the Society 
of Model and Experimental Engineers are running their 





passenger-hauling model steam locomotives. 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 

Scottish Steel.—As anticipated, Scottish steel-ingot pro- 
duction established a record in March with a weekly 
average of 49,770 tons, which is equivalent to an annual 
rate of 2,588,100 tons. This compares with the previous 
best of 48,840 tons and 2,539,700 tons, respectively, during 
February. The corresponding output for March, 1948, 
was 43,420 tons a week, representing 2,258,100 tons per 
annum, The average weekly production for the first 
quarter of 1949 amounted to 44,180 tons, or a rate cf 
2,297,400 tons, in contrast with 42,290 tons and 2,199,200 
tons, respectively, a year ago. Pig-iron outputs were 
also higher last month at 13,060 tons weekly giving an 
annual rate of 679,200 tons, against 12,730 tons and 
661,900 tons, respectively, during February, but they 
declined from the standard of March, 1948, when 14,320 
tons were produced weekly for an annual rate of 744,800 
tons. The output for the first quarter was also lower 
this year at 13,650 tons a week or 678,500 tons a year, as 
compared with 13,670 tons and 711,000 tons, respectively, 
in the corresponding three months of 1948. The neces- 
sary raw materials to maintain the record steel-ingot 
level is proving a heavy strain on organisation, and while 
deliveries of scrap are adequate, this is not accomplished 
without difficulty on occasion. The reduction in pig- 
iron outputs is attributable to the withdrawal of one 
blast furnace in January, but the remaining units con- 
tinue to operate very steadily. The record-breaking 
output of ingots and castings is moving freely into use. 
Plates and sections are in steady demand, while re-rollers 
are receiving good deliveries of billets, slabs, and sheet 
bars, with a fair amount of re-rolling scrap material to 
eke out billets. Small-size bars continue in short supply. 
Sheetmakers are operating to capacity to try to clear 
orders. Heavy industries are absorbing an important 
tonnage of steel products of various forms. 

Scottish Coal.—After showing some promise in the 
earlier weeks of the year, deep-mine production has been 
rather disappointing recently, and outputs are tending to 
slip back after having almost reached the target of 
500,000 tons a week. Strikes have taken a heavy toll, 
of course, nevertheless the area performances, although 
fairly satisfactory in places, are, in the aggregate, 
lacking in inspiration. Carbonising coal supplies at 
present are suffering from strike losses, but sufficient fuel 
is reaching gasworks and coke-ovens, although operating 
margins are slender. A small relief tonnage from the 
North of England has been arranged. House-coal de- 
liveries into the depots are on a par with programme 
schedules. Railway suplies are satisfactory. A short- 
age of graded fuel is creating concern for a number of 
industrial users but large consumers are fairly comfort- 
able, steelworks notably receiving adequate supplies. 





NOTES FROM THE SOUTH-WEST. 
a CARDIFF, Wednesday. 

The Welsh Coal Trade.—Mr. Herbert Llewellyn Lyn 
Jones has been appointed deputy chairman of the South 
Western Divisional Coal Board. The position had been 
vacant since the appointment of Mr. G. E. Aeron-Thomas, 
previous deputy chairman, as chairman, in September, 
1948. Mr. Lyn Jones has been succeeded as Divisional 
Marketing Director by Mr. P. Ralph Evans who had been 
his deputy. The scarcity of coals which has been so 
marked on the market for some time past was unrelieved 
during the past week. The lack of supplies has now 
affected bunkers for ships, and, in some instances, vessels 
which had no cargo to load or unload locally have been 
unable to obtain coals. Grave concern has been ex- 
pressed by shipping interests and a deputation waited 
upon the Divisional Coal Board. They received an 
assurance from Mr. Ralph Evans, the new Marketing 
Director, that everything possible was being done to 
ensure supplies for all ships using the local ports. The 
demand has again been brisk on the steam-coal market 
but once again salesmen have been prevented from taking 
the fullest possible advantage of the trade available. 
Order books are already so well filled that there is little 
likelihood of any easing in the tight position for some 
time, and few new orders can be accepted for delivery 
before early May. The chief activity continues to centre 
on the home trade but a steady export business is main- 
tained with France and Portugal, with smaller quantities 
going to Italy. Trade with the Argentine is still limited, 
while Spanish business is slow. Cokes and patent fuel 
remain in good request. 


Swarsea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was no change in tin-plate business 
activity. With the maintenance of a good level in pro- 
duction, makers were able to ti t a fair t of 
business. The export market, however, was a little 
quieter and the sales were on a reduced scale. Steel 
sheets continue to be in very strong demand and makers 
are making a determined effort to give their clients 
reasonable deliveries. Suppliers are maintaining good 
deliveries of iron and steel scrap. 





ENGINEERING. 














NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Work generally was resumed this 
morning after an Easter holiday extending from last 
Friday evening. Some of the largest steel plants have 
been operating throughout the holiday. Extensive over- 
hauls of plant and machinery by maintenance staffs have 
taken place, and some machine tools have been installed. 
It has been announced that Messrs. William Jessop and 
Sons, Ltd., Brightside Works, are among seven firms 
scheduled for nationalisation which have been reprieved. 
The scientific side of steelmaking is highly developed at 
Jessop’s who have made valuable discoveries of new types 
of alloy steels for gas turbines. A very active demand 
for magnet and stainless steel is experienced and produc- 
tion facilities are severely taxed. Permanent magnets 
are in great request. High-speed twist drills, milling 
cutters and reamers are eagerly sought, and there is also 
a sustained demand for edge tools. Business with South 
America and the West Indies, in plantation and other 
tools, is being extended. Agricultural-steel firms are 
pushing forward with the manufacture of agricultural 
machinery and equipment parts and edge tools for early 
delivery. 

South Yorkshire Coal Trade.—The holidays have 
reduced available supplies of coal, but reserves accumu- 
lated before Good Friday were considerable. Progress 
has been made with the movement of full and empty- 
wagon trains, and all users have had their requirements 
satisfied for the time being. The extensive consumption 
of locomotive hards for Kaster-train traffic has made it 
necessary to arrange for early replacement. Coking coal 
is very active and the coke works have been able to 
secure sufficient for current needs. As is usually the 
case at this period of the year, house coal is much 
quieter. Gas coal is fairly active and patent fuel is 
quietly steady. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The demand for iron and steel 
continues much greater than producers can provide by 
running plants at as high pressure as conditions permit, 
but the hope is expressed that the situation will be less 
difficult in the near future. Increased supplies of raw 
materials, the shortage of which has been hindering the 
production of commodities in strong request for home 
purposes and for export, are expected. As yet, however, 
the output of the Cleveland ironstone mines remains 
well below pre-war level and imports of foreign ores, 
while improving, continue to be much short of the 
demand. The position also calls for a higher production 
of blast-furnace coke. The continued inconvenient 
scarcity of pig iron occasions much complaint and 
necessitates the liberal use of scrap, supplies of which, 
fortunately, are fairly plentiful. Both foundries and 
steel plants, however, are in urgent need of considerably 
larger parcels of pig than they are receiving. The work 
in hand for semi-finished and finished dities is 
extensive and buyers in the market are prepared to 
place substantial orders, but producers of many descrip- 
tions of material are still in arrear with delivery obliga- 
tions and are disinclined to add materially to their burden- 
some commitments. 

Foundry and Basic Iron.—Much complaint of the incon- 
venient shortage of ordinary foundry pig iron continues. 
North-East Coast consumers are almost entirely depen- 
dent on deliveries from a distance and experience difficulty 
in securing supplies within the limits of their rationed 
tonnages. The scarcity .is curbing the operations of 
firms having extensive bookings for commodities in 
strong request for export. Basic-iron production is 
steadily maintained on a scale that covers the actual 
present requirements of makers’ own consuming depart- 
mente. 

Hematite, Low Phosphorus and Refined Iron.—The 
limited make of East-Coast hematite is moving promptly 
into use at local consuming plants and users are persis- 
tently seeking larger deliveries than are obtainable. 
Customers for the various grades of low- and medium- 
phosphorus iron readily accept distributable tonnage. 
Refined iron is in good demand and makers have as 
much work as they can handle. 


Manufactured Iron and Steel.—Semi-finished and 
finished-iron makers have substantial bookings and 
report a prospective demand on a scale that promises to 
keep them actively engaged until the next tonnage 
allocation period. Steel semies are less scarce than for 
some time and large parcels from overseas, together with 
the steady delivery of home products, are expected to 
cover the heavy requirements of the re-rolling mills. 
In the finished-steel industries, sheets remain in strong 
request and railway equipment in unabated demand. 
Types of material for constructional work are needed in 
large quantities. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
April 25, 5.30 p.m., Victoria-embankment, W.C.2. Dis- 
cussion on “ The Field for Battery Vehicles,” to be 
opened by Mr. J. H. Johnson. Measurements Section : 
Tuesday, April 26, 5.30 p.m., Victoria-embankment, 
W.C.2. Discussion on “‘ Apparatus for Limitation of 
Maximum Demand,” to be opened by Mr. A. H. Gray. 
Southern Centre: Wednesday, April 27, 6.30 p.m., The 
Royal Hotel, Weymouth. Discussion on ‘ Old-Time 
Machinery,” to be opened by Mr. W. E. Warrilow. 
Institution: Thursday, April 28, 5.30 p.m., Victoria- 
embankment, W.C.2. ‘‘ The Motor Uniselector and the 
Technique of its Application in Tel municati ai 
by Mr. W. H. Grinsted. 

Royal Soorrty oF ArtTs.—Monday, April 25, 6 p.m., 
John Adam-street, W.C.2. ‘“‘ Present Century Advance 
in Marine Engineering Science,”” by Mr. H. C. Walker. 

INSTITUTION OF THE RUBBER INDUsTRY.— Midland 
Section : Monday, April 25, 7 p.m., James Watt Memorial 
Institute, Birmingham. Annual General Meeting. 
Address by the Section Chairman, Mr. E. F. Powell. 
London Section: Tuesday, April 26,7 p.m., Royal Insti- 
tution, Albemarle-street, W.1. Annual Meeting. “‘ Rub- 
ber Physics Up-to-Date,” by Dr. L. R. G. Treloar. 


INSTITUTION OF PRODUCTION ENGINEERS.—North- 
Eastern Section: Monday, April 25, 6.30 p.m., Neville 
Hall, Newcastle-upon-Tyne. Annual General Meeting. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, April 26, 
5.30 p.m., Great George-street, S.W.1. James Forrest 
Lecture on “‘ The Interdependence of Medica! Science and 
Engineering,” by Professor George Macdonald. New- 
castle-upon-Tyne Association: Tuesday, April 26, 6.15 
p.m., Mining Institute, Westgate-road, Newcastle-upon- 
Tyne. “‘ The Engineer and Planning,” by Professor J. 8. 
Allen. Yorkshire Association: Friday, April 29, 7 p.m., 
Great Northern Hotel, Leeds. Annual Genera] Meeting. 


INSTITUTE OF REFRIGERATION.—Tuesday, April 26, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park, 8.W.1. ‘“ Turbo-Oompressors 
and Their Application to Refrigeration,” by Mr. R. R. 
Huitson. 

INSTITUTE OF TRANSPORT.— Metropolitan Graduate 
Society: Tuesday, April 26, 6 p.m., 80, Portland-place, 
W.1. Brains Trust Meeting. 

INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday, April 26, 6 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. Joint Meet- 
ing with the InstrruTION OF CIVIL ENGINEERS (South 
Wales Association). ‘‘ Modernisation of a Coal-Discharg- 
ing Depot,” by Mr. G. T. Shoosmith. Scottish Branch : 
Tuesday, April 26, 7.30 p.m., Royal Technical College, 
Glasgow. Joint Meeting with the InsTITuTION oF 
ENGINEERS AND SHIPBUILDERS IN SCOTLAND. James 
Clayton Lecture on “ Invention and the Sifting-Out of 
Engineering Facts,” by Dr. E. G. Bailey. Also at the 
North-Western Branch: Thursday, April 28, 6 p.m., 
College of Technology, Manchester. Southern Branch : 
Thursday, April 28, 6.30 p.m., University College, 
Southampton. “ Marine Boiler Deterioration,” by Dr. 
I. G. Slater. Institution: Friday, April 29, 6 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. Presentation of 
James Watt Medal to Dr. Fredrik Ljungstrém and 
special lecture by him. AUTOMOBILE Division. Bir- 
mingham Centre: Tuesday, April 26, 6.45 p.m., James 
Watt Institute, Birmingham. “ Influence of Valve-Port 
Design on Volumetric Efficiency of the Compression- 
Ignition Engine,” by Mr. C. B. Dicksee. 


JUNIOR INSTITUTION OF ENGINEERS.—Sheffeld Section : 
Tuesday, April 26, 7.30 p.m., Great Northern Hotel, 
Leeds. ‘“‘ Machinery for Motor-Driven High-Speed War 
Vessels,” by Mr. E. Scott. Institution: Friday, April 29, 
6.30 p.m., 39, Victoria-street, 8.W.1. Discussion Even- 
ing. 

TRON AND STEEL InsTITUTE.—Wednesday, April 27, 
9.45 a.m. and 2.30 p.m., Central Hall, Westminster, 
S.W.1. Thursday, April 28, 9.45 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. Annual General Meeting. For programme, see 
page 236, ante. 

Royal InstTrrvrion.—Wednesday, April 27, 9 p.m., 
21, Albemarile-street, W.1. “ Giant Molecules,” by Pro- 
fessor Sir Lawrence Bragg. 

RoyAL AERONAUTICAL Soctery.—Thursday, April 28, 
6p.m., The Royal Institution, 21, Albemarie-street, W.1. 
37th Wilbur Wright Lecture on “‘ The Aeronautical Re- 
search Scene,” by Dr. Hugh Dryden. 





Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, April 29, 6.15 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘“ Slamming of Ships 
in a Seaway,” by Mr. J. L. Kent. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.te Bak 3663 and 3664. 
All editorial co 
to the Editor and 
Manager. 


ndence should be addressed 
other correspondence to the 





Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should anal “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 
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FOUNDATIONS FOR 
MACHINERY. 

THE gradual increase in size and speed of machi- 
nery in recent years has led to a corresponding 
increase of interest among engineers in the design 
and construction of foundations that localise or 
isolate, as much as may be, the vibration commonly 
associated with machinery in motion. In formulat- 
ing the principles of design, due account must be 
taken of the fact that the attendant phenomena 
arise from the inherent elastic characteristics of 
machine components, and of the ground on which 
the machine is placed. Parts of the machine may 
be made of metal, wood, or other materials of 
construction, while the foundation block may be 
supported by ground consisting of sand, gravel, 
clay, or rock, in various proportions, and the com- 
posite material may be water- logged. Each case 
requires separate consideration, since the energy 
of the disturbance travels in the system, made up 
by the machine and the adjacent ground, in the 
form of waves of strain or stress, and with a velocity 
that is determined by the physical properties of the 
several materials. When a wave of this kind arrives 
at an interface of different materials—as, for 
example, concrete and clay—the wave suffers 
partial reflection and refraction by amounts that 
depend on several factors, including the physical 
properties of the material on either side of the 
interface. Thus transmission of the wave-energy is 
a complicated process which must be understood in 
order that the foundation as a whole may be effec- 
tive, and the construction justifiable as regards cost. 
The application of the underlying principles i is very 
largely a matter of experience, and is, perhaps, the 
most difficult part of the work, as was clearly shown 
in the interesting paper by Mr. J. H. A. Crockett 
and Mr. R. E. R. Hammond on “The Dynamic 
Principles of Machine Foundations and Ground,” 
which was read at an extra general meeting of the 
Institution of Mechanical Engineers, held in London 
on Friday, April 8. 

Following the statement at the outset that “the 
most important discovery has been that any ground 
can oscillate at its own particular natural fre- 





quency,” the authors utilise numerous and varied 





inferences to be drawn from this observation. The 
statement is remarkable for two reasons. Firstly, 
the practical value of much of the paper depends 
on the validity of it. Secondly, there is no theoretical 
ground for expecting certain parts of the earth’s 
crust to have “ free periods ” of theirown. Leaving 
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the phenomenon, such theory as exists indicates 
that, for a given angle of incidence below a particular 
7 | surface layer, there will be certain periods for which 
the internally-reflected wave will reinforce the direct 
wave. 

Since this period depends on the angle of inci- 
dence, it is misleading to speak of it as a “ free ” 
period of the crust. On the experimental side, 
many tests have been made in which mechanically- 
produced impulses were applied by a vibrator to 
the ground, and a recording instrument placed near 
the vibrator. The speed of the vibrator was varied, 
and, at some speeds, the instrument recorded larger 
amplitudes than at others. The larger amplitude 
has been taken to represent a condition of resonance, 
a “free period” of the ground being the same as 
that of the vibrator. In certain instances, these 
periods have been found to vary with the distance 
between the vibrator and the instrument, indicating 
interference phenomena as the cause of the observed 
large amplitudes. In all cases, unless a large amount 
of energy is thus put into the ground, the records 
must be greatly magnified. German investigators, 
for example, have used as a unit of amplitude 
one-millionth of a millimetre, which is comparable 
with the thickness of the thinnest gold leaf com- 
mercially obtainable in pre-war days. In a centre 
of population, all kinds of local disturbance may 
put into the ground amounts of energy which, 
though not large, are large enough to confuse such 
highly magnified records. In these circumstances 
Mr. Crockett and his colleague would render great 
service to geologists and seismologists, as well as 
to engineers, by delivering a paper setting out the 
experimental evidence in support of their view 
that any ground can oscillate at its own particular 
natural frequency. 

The earth being heterogeneous, its vibrations 
must be more complicated than those suggested by 
simple theory ; a complete theory of them has not 
yet been developed. Certain essential points, how- 
ever, can be made clear by reference to the case of 
an isotropic and homogeneous elastic medium. 
When such a medium is unbounded, a disturbance 
within it will cause two types of elastic wave to be 
propagated: a compressional, or longitudinal, 
wave in which the particles vibrate in a direction 
parallel to that of propagation, and a shear, or 
traverse, wave in which the particles vibrate in a 
plane at right angles to the direction of propagation. 
These waves travel in all directions from the origin 
of the disturbance, each with its own characteristic 
velocity. Waves generated close to the boundary 
surface, or, less frequently, those reaching the 
surface at nearly grazing incidence from deeper in 
the solid, tend to travel along the boundary, and 
are called surface waves. These may be either 
longitudinal or transverse, and have been found to 
suffer less attenuation than similar waves travelling 
through the body of the elastic solid. These general 
remarks apply to a disturbance in the interior of a 
medium, such as occurs, for example, in the case of 
an earthquake. 

When the disturbance is of the nature of an 
explosion near the surface of the solid, as in quarry 
blasting, experience shows that the shear produced 
is small compared with the compression. In this 
case, therefore, most of the energy will be propa- 
gated in the form of longitudinal or surface waves. 
If, on the contrary, the disturbance arises from the 
recoil of a field gun, more or less fixed to the ground 
by its recoil mechanism and carriage, the energy of 
the transverse wave may be comparable with that 
of the longitudinal. In both instances, the waves 
travel in the solid away from the original in all 
possible directions. Thus the longitudinal type of 
wave may follow two paths from the origin to a 
recording instrument: firstly, through the over- 
burden of the earth’s crust and secondly, by pene- 
tration through the deeper layers and subsequent 





reflection or refraction back to the surface. In 
loosely compacted kinds of ground, the energy of 
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the waves, longitudinal and transverse, is rapidly 
dissipated, the rate of loss increasing with the fre- 
quency. This accounts for the fact that the waves 
most readily detected at relatively large distances 
from an explosion are surface waves, and reflected 
or refracted longitudinal waves. In engineering 
problems, due attention must be given to the matter 
of dimensions ; for instance, good reflection requires 
that the distance from the source to the reflecting 
surface shall be much greater than one wavelength, 
and that the wavelength shall be appreciably smaller 
than the relevant linear dimension of the reflecting 
surface. 

The matter of dimensions may affect greatly the 
practical significance of several conclusions arrived 
at in the paper. In discussing the phenomena of 
reflection and refraction, the authors refer to a wave 
of length 1 ft. in concrete. Since a longitudinal 
wave travels at a speed of about 8,900 ft. a second 
in concrete, a wave of this length would involve a 
frequency of 8,900 cycles a second. In heavy 
engineering, a wave of this frequency would not 
usually be worth troubling about as a source of 
serious vibration, by reason of the small quantity of 
energy associated with it. Further, the authors’ 
diagram illustrating successive refractions and 
reflections at two boundaries between three materials 
does not take account of the dispersive nature of 
such materials as concrete, sand, and clay. In the 
simpler case of a single interface of two dispersive 
media, study of the problem shows that the direc- 
tions of travel of the waves are determined by the 
wave-velocity, while the dominant period is deter- 
mined by the group-velocities ; therefore, in general, 
the lines of constant phase are inclined to those of 
constant period. Were it not for this fact, it would 
be impracticable in many cases to isolate vibration 
in the customary manner. The authors also intro- 
duce the impact theory due to Hertz and Fuchs, 
without mentioning the implied condition that the 
duration of impact should be a large multiple of the 
gravest period of free vibration of either body which 
produces compression at the place under considera- 
tion. This condition would not necessarily be ful- 
filled in some of the problems covered by the title of 
the paper. 

It may be that the authors have attempted too 
much at the expense of clarity, but it is not always 
possible to be certain on this point. In the discus- 
sion of the damping coefficient and consequent loss 
of wave-energy, the remark is made that “the 
damping is approximately proportional to the 
velocity.” As there are at least two velocities 
involved in the problem of transmission of stress, 
namely, the velocity of impact and the velocity of 
the particles, a student of the subject may well 
ask which velocity is implied in this statement 
Again, there is the remark that “‘ Energy from a 
single impulse imparted to the ground by the founda- 
tion is mostly radiated outwards in a series of waves 
from the source. This energy, however, is not 
radiated outwards at once ; if it were, any resonant 
build-up would be impossible.” Surely, a condition 
of resonance with a solitary pulse calls for some 
explanation. 

In reference to the section under the sub- 
heading of ‘‘ Frequencies of Several Underlying 
Strata,” some engineers would welcome an explana- 
tion of how “each stratum can oscillate, and may 
oscillate individually, particularly when the wave- 
length of the induced oscillation is of the same 
order as, or greater than, the thickness of the 
stratum itself, ...” In any event, it is misleading 
to say, as the authors do, that the list of velocities 
of stress waves given in Table 2 of the paper has 
“been prepared for thin bars having free bulging 
or Poisson’s ratio effect,” as is clearly indicated by 
the definition given of this velocity. Both the 
experimental and the computed values involve the 
supposition that, in the implied longitudinal vibra- 
tion, the cross section of the bar performs motion 
in the axial direction only. In these circumstances, 
the stress must be such as to make Poisson’s ratio 

effect negligibly small. The subject is obviously 
one of increasing practical interest to engineers, 
civil as well as mechanical, and the discussion of it 
by Mr. Crockett and Mr. Hammond will serve a 
useful purpose if it induces more of them to consider 


RURAL ELECTRICITY 
SUPPLY. 


In his speech introducing the Budget on Wednes- 
day, April 6, the Chancellor of the Exchequer 
remarked that he was repeating last year’s experi- 
ment of dealing simultaneously with the recently 
published Economic Survey for 1949. This docu- 
ment, he pointed out, brings out strongly the need 
for higher productivity in every industry and occu- 
pation ; and emphasises the fact that the increase 
must be achieved in some way with our existing 
labour force. Engineers rightly will see a challenge, 
implied if not explicit, in this simple but pregnant 
statement ; and may feel, with justice, that they 
can assist in the solution of the nation’s problems, 
if they are given facilities for placing their skill in 
design and construction at the disposal of those 
whose business it is to carry on the government 
of the country. They may also feel that, if they 
are to do this. the Government must, in turn, play 
its part by refraining from placing obstacles in the 
way of development and by exercising that boldness 
in outlook, which is more common in commercial 
than in political life. 

This point may be illustrated by referring to a 
debate in the House of Commons on electricity 
supplies in rural areas. This, by a happy, though 
probably fortuitous, coincidence, took place on the 
evening of the day on which the Budget was intro- 
duced. That it received little notice in our daily 
contemporaries is natural, owing to the heavy 
demands upon their space, but that does not in 
any way detract from its importance. The debate 
was opened by Mr. Heathcoat Amory, who pointed 
out that all parties were committed to a substantial 
programme of agricultural development and that a 
pre-requisite to carrying out this programme was, 
inter alia, an improvement in electricity supply in 
rural areas. He added that while, according to the 
Government, nationalisation was to result in cheap 
and plentiful electricity in these areas, the terms 
for connecting consumers were still no better than 
they had been under the old authorities. There 
was also considerable delay in making these connec- 
tions ; and the prices for current, too, were high. 
The customer was, in fact, generally being charged 
a capital contribution towards connection; and 
was also being asked to guarantee a minimum 
revenue payment for five years. Toshow the burden 
that such a policy might impose on the farmer, he 
quoted a case of an extension costing 1,0001., for 
which the Area Board demanded a payment of 
800/., as well as a guaranteed annual contribution 
of 401. for five years. He also quoted a memoran- 
dum of the National Farmers’ Union, which was 
submitted to the Electricity Commissioners in 1946, 
showing that at that time there were 150,000 farms 
without an electricity supply. He therefore sug- 
gested that the British Electricity Authority 
should inaugurate a national programme, which 
would ensure that these connections would be com- 
pleted within five years. He further proposed that 
as agriculture was one of our most important basic 
industries, the Authority should try to find some 
way of eliminating capital contributions, not the 
least on the ground of their unfairness ; and should 
improve the tariffs, so that they offered greater 
incentives to the full use of electricity in agriculture. 
Mr. Amory received much support for his indictment 
from both sides of the House, since the members 
participating in the debate mostly reiterated his 
arguments, although in one or two cases they also 
made the awkward comment that the rural con- 
sumers’ hopes had been raised by the Government’s 
promise that nationalisation would improve the 
position. 

The Parliamentary Secretary to the Ministry of 
Fuel and Power (Mr. A. Robens) spoke to a carefully 
prepared brief in reply, but in so doing gave some 
interesting information regarding the present state of 
rural electrification. The number of farms receiving 
a supply of electricity on March 31, 1948, he said, 
was 81,853, and this number had risen to 88,147 
by the end of that year. During the nine months 
therefore, 6,294 farms had been added to the mains, 
although it must be pointed out that this is not a 





the general problem from first principles. 


very large proportion of the 150,000 farms which, 
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as stated by the National Farmers Union, were stil] 
lacking this amenity in 1946. He also produced 
figures to show that the shortage of wooden poles 
was not at present the main factor inhibiting further 
progress, as it had been a short time ago, and that 
during the coming year the capital which the Area 
Boards intended to spend on rural schemes was to 
be 5,000,000/., two-fifths of which would be for new 
construction. As regards terms and conditions of 
supply, he remarked that if rural consumers were 
to pay no more than those in urban areas prices 
would have to be raised all round; there might 
be good reasons why that course should be adopted. 
The general policy involved in this question, he 
added, was being considered by a Committee of the 
British Electricity Authority, but until this body 
reported in favour of uniformity in tariffs, the Area 
Boards must continue to carry on the practices of 
the former undertakings. Mr. Robens assured the 
House that both the Government and the British 
Electricity Authority would both do all in their 
power to see that greater use was made of electricity 
in rural areas, not only for the benefit of the industry, 
but for the benefit of those who used electricity and 
of the country as a whole. 

It is not difficult to show that the question raised 
in this debate, far from being an insignificant factor 
in our national economic policy, is in reality of great 
importance. Speaking during the week-end follow- 
ing the debate, a member of the Government stated 
that the development of agriculture was one of the 
best ways of saving imports. Few will cavill at this 
statement, especially those who have spent any time 
in studying the Economic Survey or have pondered 
on what may happen when Marshall Aid ceases or 
circumstances arise to cause a serious diminution 
in our export trade. Our production, or more 
correctly, our productivity, must therefore be 
increased and, as Sir Richard Acland remarked in 
the Budget debate, one of the most important ways 
of doing this is by investing as much capital as 
possible in the improvement of equipment. This 
statement of the position applies to agriculture with 
the same force as to any other industry. The 
obvious corollary is therefore that it would be wise 
to adopt a programme of judicious capital expendi- 
ture in that industry, even though it might not be 
immediately productive, for it would undoubtedly 
show satisfactory returns before long and would do 
much to underpin the national economy. 

As far as electricity supplies to rural areas are 
concerned it was pointed out by Colonel R. 8. Clarke, 
in the debate to which we have just referred, that it 
would be a wise policy for the Government to sub- 
sidise the connection of isolated farms ; even though 
this might not be economically orthodox. As it is, 
50 per cent. of the cost of laying water mains to 
farms is met by subsidy ; and if the same course were 
adopted for electricity he estimated that the cost 
would not exceed 20,000,0001. spread over five or 
ten years. This sum is only a small fraction of the 
food subsidies ; and its expenditure would assist in 
providing the greater number of the farms in the 
country with an amenity which is almost as impor- 
tant to them as water. Unfortunately, the rules of 
debate did not allow the further development of 
this theme. It is one, however, which the Ministry 
of Fuel and Power and the British Electricity 
Authority would do well to consider ; and to remem- 
ber, in so doing, that expenditure is sometimes a 
wiser policy than saving. ; 

It is perhaps hardly necessary to add a postscript 
that even a considerable and sudden addition of 
farm load to the mains would not adversely affect 
the generating plant position. Fortunately, such 
loads are largely “ off-peak ”’ and, even were the 
position otherwise, the time that must obviously 
be occupied in carrying out extensions of this kind 
will, we hope, be also usefully occupied in providing 
the equipment to supply them. From more than 
one point of view therefore rural electrification 1s @ 
matter which should be given high priority of treat- 
ment. In fact we feel that it provides the British 
Electricity Authority with an opportunity for show- 
ing with what far-sightedness and enterprise they 
can undertake one phase of the arduous duty of 
developing “an efficient, co-ordinated and econo- 
mical system of electricity supply for all parts of 





Great Britain.” 
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NOTES. 


INTERNATIONAL ELEcTRIC PowER SUPPLY IN 
EUROPE. 


Txe Electric Power Committee of the Economic 
Commission for Europe, which held its fifth session 
at the Palais des Nations, Geneva, at the end of 
March, reached the conclusion that the shortage 
of electricity which has been evident in all countries 
since the end of the war is likely to last for some 
years. Nevertheless, some improvement is per- 
ceptible since 1947, although demand still exceeds 
the present installed capacity and it will be at least 
five years before any large schemes for increasing 
output can be completed. The construction 
of a number of new stations, which were planned 
before the war, is being hampered by a serious 
shortage of electrical equipment. Regarding the 
general position, the demand is higher than before 
the war, and although the rate of increase may 
slacken “‘so far there is no evidence of it.”” The Com- 
mittee examined several projects for constructing 
new water power and thermal stations. These 
included the Liinersee and Otztal schemes, of which 
we gave details on page 87, ante. Other schemes 
cover stations at Fessenheim on the Rhine, between 
Ottmarsheim and Vogelgrun ; in the Our Valley in 
the northern part of Luxembourg on the German 
frontier; and in the Val di Lei, which is partly in 
Italy and partly in Switzerland. The capacities 
of these schemes, all of which are dependent on 
water power, have not yet been determined. A 
number of schemes for building thermal stations 
near coal mines in Poland producing low-grade coal, 
which cannot be economically transported, have 
also been considered and are to be discussed with the 
Polish authorities. The general questions consi- 
dered included the desirability of defining such 
criteria as the relative costs of coal transport and 
power transmission ; the effects of diversity factor 
on the total European peak load, and the effect of 
international legislation on such matters as the 
development of international rivers and lakes and 
the interchange of power between two states 
across the territory of a third. It was also thought 
that the availability of equipment and the savings 
in material that might arise from a certain degree 
of standardisation were subjects that should be 
taken into account in assessing the value of a project. 
The Secretariat was instructed to determine the 
degree of utilisation of existing capacity for the pro- 
duction of equipment and to ascertain the factors 
hampering a& maximum utilisation of that capacity. 
Mr. P. J. Ailleret (France) was elected chairman 
of the Committee and Mr. Eugéne Etienne (Switzer- 
land) vice-chairman. The following countries were 
represented: Austria, Belgium, Denmark, France, 
Italy, Luxembourg, the Netherlands, Poland, Sweden, 
Switzerland, the United Kingdom and the United 
States of America. 


FatievE STRENGTH OF Cast CRANKSHAFTS. 


A general meeting of the Automobile Division of 
the Institution of Mechanical Engineers was held 
in London on Tuesday, April 12, when a paper on 
“The Fatigue Strength of Cast Crankshafts”” was 
presented by Dr. H. R. Mills, M.I.Mech.E., and 
Mr. R. J. Love, Wh.Sc. The meeting was held in 
conjunction with the Applied Mechanics Group and 
the chair was occupied during the reading of the 
paper and the discussion by Professor O. A. Saun- 
ders. The paper set out the results of investigations 
carried out at the laboratories of the Motor Industry 
Research Association into the effects of the propor- 
tions of a cast-iron crankshaft on its bending-fatigue 
strength. A single-throw shaft having a diameter 
of 4} in. was chosen and the different dimensions 
were varied one at a time over a range which 
covered the usual practical proportions. The tests 
were carried out on a machine of the constant- 
strain type in which one end of the crankshaft 
was held rigidly while a loading arm, pressed into 
the free end of the journal, was vibrated up and 
down at a fixed amplitude. The effects of surface 
finish, fillet radius, web breadth and thickness, 
crankpin length, lightening holes, overlap and 
crankshaft size were examined separately. So far 





that this had little effect on the bending-fatigue 
strength. Fillet radius, however, had a marked 
influence as a change of radius from 0-031 to 0-125 
of the crankpin diameter produced an increase in 
strength of 85 per cent. An increase of web thick- 
ness or breadth gave an improvement in the bending- 
fatigue strength, but the improvement was not so 
great as the resulting increase of crank-web 
section modulus. The length of the crankpin did 
not influence the bending-fatigue strength, but 
the introduction of lightening holes gave an improve- 
ment, the optimum size of hole being about 0-4 of 
the diameter of the crankpin. An increase of journal 
overlap gave a corresponding increase in fatigue 
strength, but above a certain crankthrow, an 
increase in “negative overlap” also gave an 
increase in fatigue strength. The nominal limiting 
stress for the crankshaft was influenced considerably 
by the crankshaft size as a reduction of all the 
linear dimensions by one-half resulted in a 28 per 
cent. increase of nominal limiting fatigue stress. 
The authors concluded by pointing out that, as the 
design variables were examined separately, it was 
not certain how the fatigue strength of a crankshaft 
would be affected if two or more variables were 
altered at the same time. 


A TEMPERATURE-ENTROPY CHART FOR AIR. 


At the annual meeting of the American Society of 
Mechanical Engineers, held in New York from 
November 28 to December 3 last year, Professor 
H. A. Everett, of the Pennsylvania State College, 
read a paper describing his revised temperature- 
entropy chart for air, computed in accordance with 
the latest American data on specific heats. The 
paper was accompanied by a chart measuring about 
37 in. by 18 in. A reproduction, to suit the size 
of the page, was contained in the text. The chart, 
constructed for one mol (Ib.-molecule) of dry air, 
covers a temperature range from 500 deg. to 5,500 
deg. F. absolute, and a pressure range from 0-5 Ib. to 
4,096 lb. per square inch absolute. Changes of 
entropy at constant pressure are shown by full 
curves, and changes at constant volume by dotted 
curves. In spite of its great range, the chart is by 
no means overburdened with lines, for these are 
drawn only for pressures and volumes increasing 
in the ratio of two to one. The whole range is 
served, therefore, by 14 curves of each kind, each 
set being identical in shape and spaced at equal 
horizontal distances. Interpolation is facilitated by 
small grids, one for pressure and the other for 
volume, printed on a bare part of the chart. The 
scales of temperature and entropy are both divided 
evenly, the entropy scale being based on an arbi- 
trary value of 16 units per mol at a pressure of 
0-5 Ib. per square inch absolute and a temperature 
of 954 deg. F. absolute. The chart was prepared by 
the step-by-step integration of curves giving the quo- 
tient of specific heat divided by absolute tempera- 
ture, plotted against absolute temperatures. The 
typical temperature-entropy curves thus obtained 
were arranged on the chart, and, from the com- 
puted entropy changes due to isothermal compres- 
sion and expansion at various temperatures, the 
other curves of each family were filled in. For use 
in connection with the chart, another diagram gave 
curves of total heat and internal energy plotted 
against absolute temperatures, whence the tempera- 
ture rise due to the addition of a given quantity of 
heat to air at constant pressure or constant volume 
can be obtained. Since nitrogen constitutes so 
large a proportion of air and of the products of 
combustion, the author considers that the assump- 
tion that the working substance of an internal- 
combustion engine behaves like pure air is justified 
in many practical problems. Furthermore, although 
temperature rises in the cylinder cannot be estimated 
from the calorific value of the fuel on account of 
dissociation phenomena, this difficulty does not 
arise when the chart is used for studying the condi- 
tions in an actual engine. In such a case, the state 
path of the working substance is plotted from the 
pressures and volumes recorded on an indicator 
diagram, and these already reflect the consequences 
of such dissociation as has occurred. The uses and 
limitations of the chart for the analysis of engine 
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four-cycle engine, running on gasoline. Although 
Professor Everett gives repeated warnings against 
using the chart too confidently for predictive 

when the working substance is not air, 
he points out that, in certain cases, useful pre- 
dictions are possible. Thus, from an analysis of 
what has occurred in a particular case of combus- 
tion, it is possible to foretell with sufficient accuracy 
what will be the effect on thermal efficiency, maxi- 
mum temperature, rate of re rise, etc., of 
various assumed durations of combustion. Engi- 
neers interested in the thermodynamics of internal- 
combustion engines or gas turbines will remember 
that a temperature-entropy chart for the gases 
resulting from the combustion of Pool burning oil, 
with various mixture strengths as well as for pure 
air, was presented to the Institution of Mechanical 
Engineers in 1945 by Mr. J. R. Finniecome. This 
had a smaller range than the Everett chart, for its 
pressures extended only from 1 lb. to 1,000 Ib. 
per square inch absolute and its temperatures from 
—100 deg. to 2,000 deg. F.; but it contained 51 
constant-pressure curves as against only 11 for the 
same range in the new chart. No constant-volume 
curves, however, were included. In other respects, 
it is hardly comparable with the Everett chart, for 
Mr. Finniecome based his chart on the unit of 
1 lb. of gas mstead of on the mol, and he reckoned 
entropy from the usual zero for gases, namely, 32 
deg. F'. at atmospheric pressure. 











OBITUARY. 
MR. E. A. SMITH. 


METALLURGISTs in many parts of the world will 
receive with regret the news of the death of Mr. 
Ernest Alfred Smith, which occurred after a short 
illness at his home in Hastings on April 7. Mr. 
Smith, who was 81 years of age, was for many years 
Deputy Assay Master of Sheffield and served as 
the first secretary of the British Non-Ferrous 
Metals Research Association. He was a Londoner 
by birth and the second son of the late Mr. Richard 
Smith, who was for long director of the metallur- 
gical laboratories of the Royal School of Mines, 
London, under Dr. John Percy, F.R.S. Mr. E. A. 
Smith entered the Royal School of Mines in 1885. 
In 1890 he spent a year in Dublin as lecturer in 
metallurgy and instructor in assaying at the Royal 
College of Science in that city, but returned to 
London to qualify for the associateship of the Royal 
School of Mines (A.R.S.M.) in 1891. He was then 
appointed senior demonstrator in metallurgy at 
the Royal School of Mines and remained in that 
position until 1898, with the exception of the year 
1895, which was again spent on the staff of the 
Royal College of Science, Dublin. Mr. Smith was 
appointed to the Assay Office, Sheffield, on the 
recommendation of the late Sir William Roberts- 
Austen, of the Royal Mint, in 1898, and was shortly 
afterwards promoted Deputy Assay Master. He 
occupied this position for some 20 years. 

When the British Non-Ferrous Metals Research 
Association was incorporated in January, 1920, Mr. 
Smith was appointed organising secretary, the 
headquarters then being in Temple-row, Birming- 
ham. After serving the Association for a relatively 
brief period, however, he returned to Sheffield to 
take up work with Messrs. The Sheffield Smelting 
Company, Limited, with whom he remained for 
seven years. In 1932, Mr. Smith joined the tech- 
nical staff of Messrs. Oakes, Turner and Company, 
Limited, Sheffield, the affiliated northern house of 
Messrs. Johnson, Matthey and Company, Limited, 
London. Some years later he retired and went to 
live at Hastings. Mr. Smith was responsible for a 
number of researches which dealt mainly with 
zinc, the silver solders and the precious metals. 
He was also the author of a number of well-known 
text-books and other works, including The Zinc 
Industry, The Platinum Metals, and The Sampling 
and Assay of the Precious Metals. Mr. Smith was 
the author of many technical papers and articles 
and he was an occasional contributor to our columns. 
Mr. Smith, who was an original member of the 
Institute of Metals, was also for many years a 
member of tne Institution of Mining and Metallurgy 





and of the Society of Chemical Industry. 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Continued from page 355.) 


THE morning session on April 7—the second of 
the three days of the 1949 Spring Meeting of the 
Institution of Naval Architects—was devoted to the 
presentation and discussion of a paper on ‘‘ Merchant 
Ship Subdivision,” by Mr. H. E. Skinner, O.B.E., 
B.Se., and Mr. J. Phillips, B.Sc., both members of 
the Royal Corps of Naval Constructors. 


Mercuant Sure Suspivision. 


Mr. Skinner, in presenting the paper, said that 
about 75 per cent. of British merchant ships were 
under 400 ft. long and that their subdivision, or lack 
of it, was such that they would sink if any one major 
compartment was open to the sea. A further 23 per 
cent. were between 400 ft. and 500 ft. in length, and 
it was doubtful if these, either, would remain afloat 
if holed in any one compartment. It had been 
recommended, however, as long ago as 1890, by 
the Bulkhead Committee which was formed in that 
year, that ocean-going passenger vessels of 425 ft. 
or more should be so subdivided as to float with two 
compartments flooded, and that cargo vessels over 
300 ft. in length should be able to survive the flood- 
ing of any one compartment. The loss of the 
Titanic in 1912 led to the appointment of a second 
Bulkhead Committee, and this committee produced 
the method of calculating floodable lengths which 
was still the standard method. Though the degree 
of subdivision recommended by the 1890 Bulkhead 
Committee was far from being realised, records of 
ship casualties at sea in normal trading showed that 
a ship at sea was one of the safest places in the 
world ; but, even in peace time, unfortunate inci- 
dents did sometimes occur. During the recent war, 
of all the merchant ships torpedoed at sea (excluding 
tankers and fishing vessels), just over 6 per cent. 
survived. For tankers, with their ample sub- 
division, the figure was about 24 per cent. In the 
design of cargo ships, there was a tendency to cling 
to the idea of a long main hold ; but, as the paper 
demonstrated for the hypothetical case of a ship in 
which the floodable length was constant: throughout 
the ship’s length, the chances of survival, with 
damage extending over 20 ft., 50 ft. and 70 ft., were 
approximately 5 to 1, 3 to 2, and even chances, 
respectively. Hold lengths of 70 to 80 ft. were not 
incompatible with a one-compartment standard in 
vessels over about 400 ft. in length, with no more 
than the usual number of bulkheads; and, where 
trade requirements demanded a greater length of 
hold, a ship of the shelter-deck type could be 
designed to this standard with a hold up to 140 ft. 
long if the transverse subdivision were carried up 
to the shelter deck. The types of vessel considered 
in the paper were the passenger ship (i.e., a ship 
carrying more than 12 passengers) and two classes 
of cargo carrier, namely, the complete-superstruc- 
ture type, which had the smallest freeboard from the 
bulkhead deck, and the full-scantling ship, which 
had the largest freeboard. These types, the authors 
submitted, could be compared in a fundamental 
geometrical way by considering, in relation to the 


ship’s length, the ratio a where d was the moulded 


load draught and D, the moulded depth to the free- 
board deck; in making the comparison, they 
emphasised, they were considering only ships repre- 
senting average recent practice in their proportions 
and, to some extent, the outcome of existing regula- 
tions. The comparison showed that, the smaller 
the vessel, the deeper was the load line, relatively, 
for seagoing ships; and, the shorter the ship, the 
less could be the relative reduction in hold length. 
Thus the safety of the smaller ship was reduced 
simultaneously in two ways, by combining the 
necessarily longer holds (in relation to the length 
of vessel) with a disproportionately small freeboard 
and reserve of buoyancy. They maintained, there- 
fore, that the existing tonnage regulations should be 
reviewed, and that the regulations governing free- 
board, tonnage and subdivision should be examined 
with reference to each other and to the safety of ships 
when damaged. 

Sir Andrew Common, speaking as a shipowner, 














said that cargo users were not always commercial 
people ; great demands were made during the war 
by the military authorities for space and for the 
lifting of immense items of war materials, and those 
demands seemed to grow from year to year. There- 
fore, the problem should be approached with 
caution. The difficulty during the war was to find 
enough ships with holds long enough to accommo- 
date locomotives, etc., with the result that, in many 
cases, these very heavy lifts had to be carried on 
deck. Ingenious devices were fitted for securing 
such heavy weights to the decks, and sometimes they 
were so effective that, when the cargo went over- 
board, the deck went with it. War considerations 
had still to be kept in mind, and before any decision 
was made, the military authorities should be asked 
what were the sizes and weights of the things they 
would expect to be carried in the next war. Sug- 
gesting that the authors’ comments on the safety 
of cargo ships were not borne out by the list of 
casualties, Sir Andrew pointed out that the under- 
writing premium for total loss on a cargo ship 
was 15s. per cent. against all risks ; and, of course, 
the subdivision would not protect a vessel against 
all risks. The cargo ship was not an unsafe ship; 
and it was necessary to have regard, not to absolute 
safety, but to reasonable safety, always bearing in 
mind what ashiphadtodo. With regard to tonnage 
regulations: some owners would be willing to 
carry their bulkheads up to the top deck if they were 
certain of getting the tonnage franchise which was 
allowed to shelter-deck ships. 

Sir Charles S. Lillicrap, C.B., Director of Naval 
Construction, said that the historical appendix to 
the paper showed how much pioneer work had been 
done by members of the Institution in promoting 
ship safety. Among the early contributors to the 
subject was Sir Nathaniel Barnaby, the first Director 
of Naval Construction, whose remarks were as 
true to-day as when they were spoken, half a 
century ago. When the next war came—if it 
came—the biggest menace to this country would 
again be the submarine menace ; and, no doubt, the 
first target would be the mercantile marine. It 
seemed, therefore, a matter of common prudence to 
put into practice the wise principle of the Inter- 
national Convention, ‘“‘That ships shall be as 
efficiently subdivided as possible, having regard to 
the nature of the service for which they are intended.” 
As to the difficulty of finding, during the war, 
enough ships with long holds, to carry such items as 
locomotives, emergencies of that sort would always 
have to be faced ; but that was not a reason against 
such subdivision as would give a better standard 
of safety. It was clear from the paper that a 
great deal could be done without affecting the 
earning capacity of ships; he believed that many 
shipowners would agree that this was possible. 
He was impressed by the number of ships which 
had just failed to be efficiently subdivided because of 
one compartment. The authors had dealt with 
main holds in cargo ships, but in passenger ships 
it was often the main machinery spaces. Some 
owners always had their machinery spaces as small 
as possible ; on the other hand, that was not neces- 
sarily so. There had been no general call for space 
reduction. Perhaps, if the proposals in the paper 
were made operative, they would give some advan- 
tage to those designers of ships and engines who 
extracted the maximum value out of the space 
available. He was forced to the conclusion, 
however, that the time was over-ripe for a drastic 
Tevision of tonnage regulations; there was no 
doubt that they had a deleterious effect on the 
safety of ships. 

Mr. G. Daniel felt that the authors had painted 
rather too sombre a picture on the safety of merchant 
ships, particularly in regard to cargo ships. They 
had said in effect that 75 per cent. of cargo vessels 
were less than 400 ft. long, and that most of them 
were not of unity standard ; therefore, if they were 
holed, they would sink. He disagreed. More 
casualties were due to stranding than to collision, 
or to anything else. Practically all ships of any size 
had double bottoms throughout, and the positioning 
of the bulkheads had no effect in a case of stranding ; 
but, from the collision point of view, the positioning 
of the bulkheads was important. During the ten 





3,000 tons (which might be from 300 to 350 ft. long) 
were lost in collisions ; in the three years since the 
war (1946-48) two ships of over 3,000 tons were 
lost by collision. During the war years (1939-45), 
there were 35 such ships lost by collision, and that 
was something which needed to be examined. War- 
time conditions should be guarded against positively. 
Dealing with a statement that tonnage laws had 
resulted in unsafe shelter-deck ships, Mr. Daniel 
defended them as one of the finest types of ships 
afloat, and one of the safest against ordinary marine 
damage. It would seem to be a matter of prudence 
to try to save them, in the event of damage, by carry- 
ing up the bulkheads. He believed that the existing 
tonnage regulations could be retained, even with 
the bulkheads carried up, if certain openings were 
ieft ; and safety could still be maintained to a con- 
siderable extent by fitting suitable portable cargo- 
storage arrangements. He supported the proposa] 
for the consideration of shelter-deck ships, in par- 
ticular. Most shipbuilders, in designing cargo ships, 
had regard almost entirely to the requirements of 
the owners—-the positioning of hatchways, masts, 
derricks, etc., which, in turn, affected the positioning 
of the bulkheads; but he doubted whether many 
owners considered the positioning of the bulkheads 
from the flooding point of view. If there were a 
simple method of doing so, he was sure that all 
owners and builders would agree to apply it. Com- 
menting on the authors’ simple method of arriving 
at floodable-length curves, he said that, at the 
Ministry of Transport, a scheme had been developed 
which he believed to be even more simple, and requir- 
ing less mathematical work. It might be possible 
for builders and owners to refer to those diagrams if 
they wished. The subdivision of passenger ships 
had been reviewed for many years and certain results 
had been achieved by international agreement ; 
therefore he did not feel that the methods called for 
any serious review such as the authors proposed. 
Their main proposal was to amend the Criterion of 
Service Numerals and the method of arriving at the 
factor of subdivision by using a ratio of draught to 
depth, but apparently this did not take account of 
passenger numbers at all, a defect which seemed to 
condemn it absolutely. 

Mr. R. B. Shepheard said that the 1948 Conference 
was considering safety at sea under peace-time con- 
ditions. It was necessary, of course, to bear in mind 
that cargo ships were also used during war; but, he 
asked, what length of damage of a ship’s side was 
likely to occur under war conditions, and would the 
authors’ proposals preserve the safety of ships under 
war conditions ? On the basis of Lloyd’s number 
of bulkheads, the authors had developed stepped 
curves which showed that, while a one-compartment 
standard was practicable in larger ships—the lower 
limit of length being dependent on type—that 
standard became increasingly impracticable as the 
ship’s length decreased below 400 ft. ; but he could 
not agree that, in consequence, there was ‘‘ a general 
falling away in the safety of the smaller ships.” To 
correct what were described as “‘ excessive draughts,” 
the proposal was made that the freeboards of the 
smaller vessels should be increased. The authors’ 
basis would involve a reduction in draught of about 
27 in. for a 300-ft. ship with 50 per cent. erections, 
with increasingly severe penalties at lesser lengths. 
What evidence from service records could the 
authors produce to justify that drastic and economic- 
ally disastrous imposition? On the other hand, 
the proposals for larger cargo ships were construc- 
tive. By close attention during the early stages of 
design, it might be possible to adjust the position 
of the normal number of bulkheads in ships of full- 
scantling type and to provide a more effective spac- 
ing without detriment to trading requirements. 
Lloyd’s Register was always willing to co-operate 
with builders and owners to that end. An alterna- 
tive quick method of arriving at the positions of 
bulkheads had been developed by his colleagues in 
Lloyd’s Register. Shelter-deck ships now repre- 
sented the greater proportion of modern cargo ton- 
nage, and the authors had drawn attention to the 
good standard of subdivision practicable in ships 
of that type over about 350 ft. by extending the 
*tween-deck bulkheads to the shelter deck. Full 
watertightness of *tween-deck bulkheads was not 
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fitting of portable plates over the tonnage openings 
in the ’tween-deck bulkheads, reasonably effective 
arrangements could be achieved within the limita- 
tions imposed by existing tonnage requirements. 

On passenger ships, the authors quarrelled with 

the factor of subdivision which was laid down in the 
1929 Convention and re-affirmed in 1948. The 
subject was fully ventilated during the 1948 Confer- 
ence and would receive much further study, the 
results of which could be reviewed periodically 
through the improved machinery laid down in the 
new Convention. The authors proposed to throw 
overboard the principles laid down by the 1912 
Bulkhead Committee and applied effectively to 
many varieties of ships over the last 20 years—that 
the factor of subdivision should increase with the 
length of the ship and also with the number of 
passengers carried; they suggested, irrespective 
of the number of passengers, a two-compartment 
standard over about 400 ft. depending on the 
draught/depth ratio, and that this ratio should 
determine the factor of subdivision. Had they 
explored the repercussions of those proposals on 
the complex design and operating requirements of 
those and other ships? In his view, the draught/ 
depth eriterion was too arbitrary, and would penalise 
certain classes of ships ; furthermore, if the draught 
in design were reduced in order to obtain a more 
favourable floodable length, the factor of subdivision 
would automatically be affected, thus nullifying to 
some extent the intended improvement. The paper 
contained really practical proposals in certain 
respects, but he felt that, by introducing such 
proposals as a fundamental change in the load-line 
requirements and others, the authors had spoiled the 
effect which they might have achieved by restricting 
their suggestions to something more practical and 
realistic for peace-time conditions. 

Signor G. Solda suggested that matters concerning 
tonnage should be fundamentally revised inter- 
nationally in order to avoid affecting the safety and 
efficiency of ships. 

Mr. John Brown, discussing the subdivision of 
large passenger liners, referred to the authors’ 
statement that those vessels should have had the 
highest standard of subdivision whatever the 
designed number of their passengers, but that the 
highest possible standard had not been attained 
with the present Criterion of Service Numerals 
because the ships did not carry the maximum 
number of passengers. The Criterion of Service 
Numeral of 87 for the Queen Elizabeth, he said, 
fell considerably below the Convention curve value 
of 123 for a purely passenger standard and, as 
pointed out in the paper, a passenger complement 
of 20,000 would have been necessary to produce 
this value. Had that been feasible, however, the 
factor of subdivision would have been reduced 
only to the value of 0-296 compared with the 
present value of 0-339, and the vessel, which was, 
in effect, of three-compartment standard, would 
still have remained considerably short of four- 
compartment standard. Reference to the authors’ 
curves showing the probability of sinking with 
varying extent of damage indicated that, for an 
assumed fixed length of damage, the risk of loss 
would actually be increased. It might be argued 
that the reduced factor of subdivision, i.e., the 
shorter length of compartments, afforded the 
possibility of attaining a four-com: t standard 
at lighter draughts, when the increased freeboard 
conferred the benefit of much greater floodable 
length ; but in vessels of that type, with little or 
no cargo, the changes of draught during service 
passages tended to be reduced, as the oil and fresh 
water consumed were generally replaced by liquid 
ballast, to maintain stability. Therefore, 
questioned whether the recommendation to tighten 
the Criterion Numeral in such cases was desirable, 
in view of the inherent difficulty of stepping up 
from a three-compartment to a four-compartment 
standard. A similar difficulty would arise with 
ships about 700 ft. in length, at present attaining a 
two-compartment standard, for which a three- 
compartment standard would be out of the question, 

That approach to the question of factor of sub- 
division did not apply to the same degree in ships 
of the mixed passenger and cargo type, where, in 
the absence of cargo, the vessels might often sail 





at lighter draughts. In those cases, it was hardly 
possible to limit consideration only to the step 
from a one-compartment to a two-compartment 
standard, as any intermediate standard—for 
example, 1-7 at full load draught—might result in a 
full two-compartment standard at a light service 
draught. Similar remarks would apply to certain 
cargo ships in which something more than one- 
compartment standard had been attained initially. 
Such a standard should be attainable in the great 
majority of shelter-deck ships, if the problem were 
solved in the manner indicated by the authors, 
namely, by carrying up the *tween-deck bulkheads 
and fitting effective closing appliances ; that would 
produce a two-compartment standard in most of the 
larger vessels of that type, even at full load draught. 

Mr. W. Muckle asked if the authors had considered, 
in connection with the shelter-deck type of ship, 
the possibility of using a watertight deck. Assuming 
that the deck could be made watertight, it was 
possible to attain a two-compartment standard. 
At first, he had thought of having watertight 
hatches on the second deck, but that would raise 
practical difficulties. A possible alternative might 
be trunking the hatches between the second and 
upper decks, the trunking being made watertight, 
and the use of separate hatches. There would seem 
to be little difficulty in making the second deck of 
a shelter-deck ship watertight ; it might be com- 
pletely welded. As a further alternative, perhaps 
a semi-permanent means of closing could be used in 
*tween-deck bulkheads. Metal hatch-covers, if 
used on the second deck, should keep out water in 
the event of damage. The possibility ofmaking a 
deck watertight would seem reasonable in certain 
passenger ships where rs were carried on 
the bulkhead deck ; in any case, the hatches had to 
be trunked in good-class passenger accommodation. 

Professor A. M. Robb thought that the authors 
had no case in regard to the subdivision of passenger 
ships. They had proposed a factor of subdivision 
based on a draught/depth ratio; but the draught 
of a ship was predetermined by the port facilities, so 
that they were going to allow the port authorities 
to determine the factor of subdivision. With 
regard to cargo ships, the authors had treated the 
double-hatch idea with something almost approach- 
ing contempt, and had referred to the 70-ft. hold 
as the optimum; but the double hatch was a 
necessary requirement for a 70-ft. hold. He recalled 
that, in 1871, when a Merchant Shipping Bill was 
before Parliament, a Committee of the Institution 
had suggested that a plan should be provided, 
showing the subdivision of each ship and the 
capacities of the spaces so formed, and that ships 
should be so subdivided that they would float if 
any one compartment became open to the sea. 
Some members, however, bad objected that the 
recommendations were calculated to check improve- | B 
ments in shipbuilding and to lower the standard of 
production, and would relieve owners and builders 
of responsibility without supplying compensation 
in the form of protection to the public. Commenting 
that the authors took a gloomy view of the capacity 
of the merchant ship to remain afloat, Professor 
Robb gave details of two ships, only 370 ft. long and 
having three holds forward, a deep tank, a cross 
bunker, machinery space and two more holds; 
they were torpedoed during the war, with consider- 
able flooding, but had remained afloat. 

Mr. H. E. Steel suggested that the long intervals 
towards the end of the authors’ historical appendix 
could well be filled in. For instance, Sir George 
Carter’s paper in 1918 had described the contem- 
porary British one-compartment standard cargo 
ships ; in the recent war, one torpedoed A-type ship 


he | of that programme was towed for 4} days, relying 


on her subdivision, but the subsequent rapid 
sinking of an ex-Italian ship by torpedo, the ship 
having a two-compartment standard nearly through- 
out, helped to preserve a proper perspective regard- 
ing subdivision. Sir Amos Ayre, in 1945, mentioned 
the setting up of a Consultative Committee prior 
to the recent war. The Marine Department of the 
Board of Trade, when advising the shipping industry 
of the types of ships recommended by the Committee 
for emergency construction, had specially emphasised 
the measures intended to incorporate in the designs 
a standard of subdivision. Notes on the measures 





and flooding curves for typical shelter and non- 
shelter deck ships were prepared for the Committee 
in the Board of Trade as early as February, 1939. 
Towards the end of 1938, Dr. McNeill advocated 
the extension of bulkheads in shelter-deck ships 
and he had approached the Board of Trade early 
in 1939. An article and correspondence appeared 
in the Press on subdivision. At that time, as Sir 
Amos Ayre had recorded, the Advisory Committee on 
Shipbuilding set up by the Ministry of Shipping 
commenced to function and continued the previous 
Committee’s work in building subdivided cargo 
ships. There was no doubt that that background 
had much to do with the measure of subdivision 
provided in the numerous ships of the American 
shipbuilding programme. There should be a 
record of the very great amount of work done in 
the Ministry of Transport before and during the 
whole war in keeping merchant ships afloat, salving 
their cargoes, saving their trained personnel and 
saving lives. Subdivision was not the salvation 
of the ships, but it was a means to that end. There 
was no magic in unity standard or in two-compart- 

mentation on standard assumptions ; 1-3-compart- 

mentation might be two-compartmentation with a 
cargo of kernels and less than unity with scrap 
steel or billets. Blast might be blanketed in the 
first ship and not in the second. The solution lay 
in as high a standard of subdivision as was practic- 
able in every cargo ship. 

Mr. Skinner, who reserved his reply to the dis- 
cussion for a written contribution, said that, however 
much disagreement there might be with regard to 
certain portions of the paper, there was something 
in it which constituted a cail to every naval architect 
to improve the safety of merchant ships. 


(To be continued.) 





THE INSTITUTE OF 
METALS. 
(Continued from page 356.) 


WE continue below our report of the “‘ Sym- 
posium on the Metallurgical Aspects of Non-Ferrous 
Metal Melting and Casting of Ingots for Working,”’ 
held on March 31, during the recent annual general 
meeting of the Institute of Metals. Brief outlines 
of the first three papers of the Symposium were 
furnished last week and we now give summaries of 
the fourth, fifth and sixth papers and a report of 
the general discussion which ensued. 

The fourth paper in the symposium, entitled 
“The Application of Flux to Commerci- 
ally Cast Phosphor Bronze,” was by Mr. N. I. Bond- 
Williams, chairman and managing director, _Aston 
Chain and Hook Company, Limited, 

Birmingham. The paper described the application 
of the principles of good melting and casting prac- 
tice, discovered in the past by various investigators 
and reported in papers to the Institute of Metals 
and other societies. The particular application 
considered was the melting and casting of phosphor 
bronze for subsequent cold rolling. Improvement 
in properties and economy had been found to result 
from flux degassing, slow pouring, the reduction of 
agitation, and alterations to mould design. The 
book-type cast-iron moulds were warmed slightly 
before use, and were dressed with a volatile oil with 
no solid addition. The dressing was very sparsely 
applied, and any excess was rubbed off with a rag. 
Particular care was necessary to avoid a pool of oil 
forming in the bottom of the mould. The mould 
sizes had also been altered, partly to increase the 
weight of the castings, but mainly to make it easier 
to avoid impingement of the metal stream on the 
mould faces. At the same time the moulds had 
been re-designed to have a massive base increasing 
the heat content of the mould at this point, in order 
to encourage solidification from the bottom. 

The fifth paper in the symposium, “‘The Melting 
and Casting of Brass,” was by Dr. Maurice Cook and 
Mr. N. F. Fletcher, of Imperial Chemical Industries, 
Limited, Metals Division. The authors stated that 
the word brass was usually understood to mean an 
alloy of copper and zine containing not less than 
about 20 per cent. and up to about 43 per cent. of 
zinc. The term was used in referring both to binary 
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alloys of these two metals and to more complex 
copper-zine alloys containing smaller amounts of 
other elements introduced to impart special proper- 
ties. Many thousands of tons of chill-cast brass 
shapes were produced every week and a high 
standard of quality was reached and maintained as 
a normal everyday matter. Less was heard now 
than formerly regarding the relative merits of heats 
made up wholly from virgin metals and those in 
which scrap metal was incorporated. More was 
known of the gas content of virgin and other metals 
and ways and means of dealing with it. More, too, 
was known of the effect of other elements not only 
on the physical and mechanical properties of the 
alloy but in the melting and casting processes. The 
considerations which determined the choice of melt- 
ing unit were usually and largely other than metal- 
lurgical and were, in fact, more related to economics, 
type and quantity of production, availability of 
fuels, and the like. The factors in metal melting 
of economic concern were to melt as speedily as 
possible with the minimum fuel consumption and 
metal loss, while those of technical and metallurgical 
interest were concerned with maintaining conditions 
of melting which led to unimpaired quality. 

Cast-iron moulds were still extensively employed 
but the advantages of water-cooled copper-faced 
moulds were so compelling that, although they were 
more elaborate and costly than solid iron moulds, 
they were always and unhesitatingly preferred in 
the production of ingots in quantity for subsequent 

ing by modern methods. The transfer of 
metal from the melting unit to the mould was pri- 
marily a mechanical problem, and the first considera- 
tion was to arrange conditions in such a manner that 
the pouring stream was short, smooth and unbroken 
and that the carrying over into the mould of dross 
and other foreign matter was avoided. Although 
continuous casting was not within the scope of the 
present paper, processes of this type were being 
used to an increasing extent. 

The sixth, and last, paper in the symposium dealt 
with ‘‘The Melting and Casting of Nickel Silver at 
the Works of Henry Wiggin and Company, Limited.” 
It was by Mr. E. J. Bradbury and Mr. P. G. Turner. 
The authors stated that the paper was concerned 
mainly with the melting practice at the Wiggin 
Street Works of the firm, Birmingham, as it had 
developed from 1929 onwards. The most important 
change which had occurred during this period had 
been the installation, in 1940, of a battery of twelve 
nominal 200-Ib. capacity lift-out type oil-fired 
furnaces in a specially-built melting shop. Three 
factors had been the main contributors to the success 
which had been achieved. The first, and probably 
the most important, was the careful control of scrap 
quality, which enabled the pick-up of impurities to 
be maintained at a minimum. The second factor 
was good maintenance of equipment. Coke- and 
oil-fired furnaces were always in a high state of 
efficiency and, in the case of oil furnaces, the 
atmosphere could be maintained slightly oxidising. 
As a consequence, melting time was always short, 
and impurity pick-up, both of gaseous and solid 
contaminants, was at a minimum. This high stan- 
dard of procedure was possible because an efficient 
engineering department was maintained in the 
works. The third factor comprised the melting 
and casting techniques employed, the use of clean 
fluxes, tundishes, and water-cooled strip moulds, 
and the care exercised in the preparation of the 
moulds. From a production aspect, the most out- 
standing factor had been the introduction of the 
water-cooled mould for casting all strip ingots. 

The discussion on the symposium was introduced 
by Professor H. O’Neill, who had been appointed 
rapporteur and asked to indicate the lines on which 
he felt the discussion might most usefully proceed. 
He said that there was a great difference, in the 
papers, regarding the use of pyrometry. Some 
authors seemed to be conscious of the necessity for 
accurate temperature measurement while others 
appeared to leave that tothe melter. Allthe papers 
referred to the dressing of the moulds and there 
were some very interesting points regarding the 
manner in which these dressings could affect the 
macrostructure. The advocacy of Bailey and Baker 
of water-cooled copper moulds was substantiated by 
most of the subsequent papers. 
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In the second paper, by Waddington, an account 
was given of copper melting on a large scale in 
Ontario. Molten blister copper was refined in 
300-ton reverberatory furnaces to make anodes. 
The anodes were then electrolysed to make pure 
cathodes, and these were then melted and cast into 
special shapes for industry. The paper described 
an excellent example of a modern plant having a 
very high degree of scientific control and it appeared 
that the conditions justified the expenditure of a 
good deal of capital. The third paper, by Murphy 
and Callis, gave a special study of the production of 
aluminium-bronze ingots. These alloys had a 
natrow freezing range and this introduced difficulties 
regarding feeding, and a central pipe was liable to 
be formed. Moreover, the liquid metal became 
coated with a tenacious invisible oxide film which 
had to be preserved with care, otherwise the mech- 
anical properties suffered. The fourth paper, by 
Bond-Williams, was concerned chiefly with flux 
degassing and perhaps the author, in reply to the 
discussion, might have a little more to say concern- 
ing the actual degassing process. Additional infor- 
mation concerning the thermodynamics of the 
reactions would also be welcome. 

In the fifth paper, Cook and Fletcher mentioned 
the advantages of the induction furnace from the 
point of view of the natural mixing of the metal 
charge, especially in connection with the production 
of leaded brasses. The authors emphasised that, 
with their alloy, degassing treatments were not 
necessary, as the high vapour pressure of the molten 
zine reduced the solubility of gases. In the melt, 
the zinc, which was inevitably present, also acted 
as a deoxidant, so that nothing need be done in that 
connection. In the sixth and last paper, Bradbury 
and Turner described the production of nickel-brass 
alloys in oil and coke-fired non-tilting crucible 
furnaces. They had developed an oil-fired furnace 
and gave complete data regarding the design of the 
installation. Very full particulars of the working 
of the shop were supplied. 

Mr. A. L. Molineux, who opened the discussion, 
thought that the flux degassing of phosphor-bronze 
was one of the greatest achievements of the last 
25 years in metallurgical practice. The credit 
for the basic work must go to Genders and Bailey 
and that for the practical application, in his own 
experience, to the Tin Research Institute. Mr. 
Bond-Williams had given a crucible life of up to 
38 heats but it was better to use pots on phosphor- 
bronze for the first 25 heats and then change them 
over to brass melting. This procedure gave a 
considerable cut in crucible expenses. As regards 
mould dressing, he had come back to a very thin 
dressing of French chalk and tallow. The next 
speaker, Mr. Christopher Smith felt that there was a 
certain undertone of complacency in all the papers, 
a feeling that the industry had achieved the ideal 
and that all the metallurgical problems had been 


solved. On the contrary, men in the industry had | Purposes 


a considerable distance still to travel before castings 
of superfine quality were regularly produced and 
the problems of high scrap losses and low output 
per man-hour were solved. One matter which 
should receive a great deal of attention was tranquil 

ing, under controlled conditions, in order to 
control the freezing of the molten metal. 

Mr. D. F. Campbell, asked Bailey and Baker if 
they had any record of any firm in England having 
tundishes working in controlled atmospheres. In 
New Jersey he had seen, in use, very ingenious 
tundishes, furnished with Pyrex-glass tops, filled 
with suitable gases for producing oxygen-free copper. 
This equipment had the great advantage of protect- 
ing the stream of metal while it was in the tundish 
and in its passage into the ingot mould. The 
opinion had been expressed that the expenditure 
on the plant described by Waddington must be 
very high. This could bechallenged. If the capital 
expenditure on an electric-melting plant, on a new 
site, were considered, it would probably be found 
to be somewhat less than that of a fuel-fired furnace 
with its chimneys and accessories for the fuel. 
He would like to know why, according to the paper 
of Bradbury and Turner, it was necessary to melt 
nickel silver in a plumbago crucible which might be 
described as a porous pot from which gases could 
enter the metal, when other methods, such as the 
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high-frequency furnace, were available in which 
there was no risk of contamination by objectionab|e 
gases. In many of the papers under discussion, 
much had been said concerning the removal o! 
gases. In many cases it would appear preferable to 
prevent gases from entering the metal rather than 
to go to great trouble to remove it once it had got 
in. In other words, the industry should be pro- 
foundly dissatisfied with many of the melting 
methods used at the present time. Lastly, nothing 
was said in these papers concerning the melting of 
aluminium and its alloys. There was a very 
definite difference of opinion in France, in Germany, 
and in this and other countries regarding th 
correct equipment to be employed. 

Mr. H. W. L. Phillips said that Bailey and Baker 
had referred briefly to the semi-continuous method 
of casting now extensively employed for aluminium 
and its alloys. The process was capable of giving 
blocks of great soundness with directional solidifi- 
cation, and its advantages, both economic and 
technical, were, in fact, so pronounced that much 
time and effort had been expended in overcoming 
its chief drawbacks, namely, the development of 
internal stresses of magnitude sufficient to cause 
cracking. For producing a sound block by the 
semi-continuous process there was no royal road 
to success ; for each particular alloy it was a matter 
of trial. The variables included composition of the 
melt, length and breadth of the mould, casting 
speed, and amount and method of application of the 
cooling water. The conditions were often critical 
and variation in one might involve changes in all 
the others. 

Mr. F. C. Evans said that Bailey and Baker had 
remarked on the fact that the pressure welding 
of cavities in non-ferrous metals appeared to have 
received little attention and he had often wondered 
why, this was the case. Murphy and Callis had 
drawn special attention to the necessity for careful 
mixing of the aluminium in aluminium-bronze 
founding owing to the considerable difference in 
densities between the aluminium and the other con- 
stituents of the charge. Anyone who had manufac- 
tured aluminium bronze knew what a real difficulty 
this was. The obvious solution of the problem, 
however, was to use high-frequency induction 
furnaces. Bradbury and Turner, in their paper on 
the melting and casting of nickel silver had given 
figures for the limits of impurities, such as lead and 
sulphur, but no figures had been quoted for carbon. 

Dr. N. P. Allen said that it was a pity that the 
scope of the Symposium had been limited to the 
casting of copper alloys, because the non-ferrous 
metals possessed a great variety of properties and 
if these had been considered as a whole, some 
interesting generalisation might have emerged. The 
next speaker, Dr. R. Genders, referred to the prac- 
tice of casting small slugs of brass which were then 
heated up and immediately used for hot stamping 
. Alternatively, cups could be made from 
the slugs and the cups further cold-worked without 
having recourse to the rolling and annealing involved 
in the production of sheet. There were some 
advantages in using a cast slug because if it were 
sound and the structure uniform and equiaxed, 
it was very suitable indeed for forging. Moreover, 
there were indications, which were fairly new but 
not yet fully proved, that when a cast structure 
was cold-worked it was less liable to season-cracking 
than a structure which had been recrystallised and 
worked time and time again. The production of 
these little slugs by sand-casting was rather per- 
nicketty and it would be better if it were possible 
to cast the material in the form of a long bar and 
then cut lengths off that. This, however, was not 
workable by ordinary methods of casting in a mould 
and a new process recently introduced on the Con- 
tinent possessed attractive features. In this, a ring 
one metre in diameter was cast centripetally ; the 
skin of the metal was then removed by machining 
and the ring cut and straightened out. This 
produced a bar 10 ft. in length, the structure of 
which was free from non-metallic inclusions. The 
bar could be drawn, used for machining, or cut into 
lengths for forming. Most non-ferrous materials, 
including bearing bronzes, had been cast by this 
centripetal method. 

(To be continued.) 
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ELECTRIC TRAINS FOR PIER AT 
SOUTHEND-ON-SEA. 


Tue pier at Southend-on-Sea, Essex, which is 1} miles 
long, has been equipped with a railway to carry 
passengers to the seaward end for over 100 years. In 
1890, this railway, which was originally operated by 
horses, was converted to electric traction, when cars 
provided with Crompton motors driving the road wheels 
through 3 to 1 spur gearing were installed. The 
generating plant at that time consisted of a steam 
engine-driven compound-wound dynamo with an out- 
put of 150 amperes at 200 volts, power being sup- 
plied to the cars through a third rail. This conver- 
sion enabled the journey time to be reduced from 
15 minutes to 4 minutes. The number of coaches in 
use was gradually increased, so that four seven-car 
trains could be run; and the success of the railway 
may be indicated by the fact that before the war it 
was carrying 3,000,000 passengers per annum, with a 
day peak load of as many as 46,000. In 1936, the in- 
creasing cost of repairs and maintenance indicated the 
necessity of replacing the old rolling stock. Nevertheless, 
during the 1939-45 war the trains operated day and 
night, carrying a total of 1,500,000 passengers, includ- 
ing many sick and wounded, as well as food, stores and 
ammunition for the convoys on which London and other 
parts of the country depended. In doing this they 
were subjected to repeated enemy attacks, without 
any breakdown being recorded. On the conclusion 
of the war, the opportunity was taken to replace these 
trains by more modern rolling stock; and the new 
trains were formally inaugurated on Wednesday, 
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RUBBER *“‘ SANDWICH” FOR RESILIENT 
WHEEL. 


April 13, by the Acting Lord Mayor of London (the 
Rt. Hon. Lord Broadbridge, K.C.V.O.). 

The new rolling stock consists of four train sets, 
which were constructed by Messrs. A.C. Cars, Limited, 
Thames Ditton, and are illustrated by the photograph 
reproduced in Fig. 1. Each train is made up of seven 
cars—three motor cars and four trailers—seating ac- 
commodation being provided in the former for 31 and 
in the latter for 38 passengers. The bodies are of 
steel-reinforced composite construction, while the 
underframes are constructed of electrically-welded 
light-weight rolled-steel sections. The total length of 
each car over the buffers is 29 ft., the total width is 
6 ft. 6 in., and the wheelbase 14 ft. 6 in. The total 
height is 7 ft. 9} in., and the gauge is 3 ft.6 in. The 
roof is provided with side eave lights for the conveni- 
ence of standing passengers. 

The coaches are fitted with pneumatically-operated 
sliding doors, which were manufactured by Messrs, 
G. D. Peters, Limited, Slough. These doors are under 
the control of the conductor and are interlocked so 
that the train cannot be started until all are properly 
closed. The air for this purpose, and for the braking 
system, which was ae by Messrs. Maley and Taun- 
ton, Limited, Wednesbury, is provided by an electric- 
ally-driven compressor on each coach. An air pipe 
line runs the whole length of the train, so that any 
failure of a pipe or coupling applies the brakes auto- 
matically. Mechanical-type sanding gear is provided 
on the motor cars and is operated by a pedal in the 
driver’s cab. 

All the coaches are fitted with resilient wheels to 
reduce the shock on the axles and structure caused by 
track irregularities and to increase the life of the tyres 
by ensuring more even wear of the tread. These 
wheels were supplied by Messrs. Crompton Parkinson, 
Limited, Crompton House, Aldwych, London, W.C.2, 
who hold a manufacturing licence for them from the 
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Transit Research Corporation of America, New York, 
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| and have developed them in this country in conjunction 


with Messrs. Maley and Taunton, Limited, Wednes- 
bury. This is said to be the first application of wheels 
of this type to a light railway in this country. 

The principle employed in the construction of the 
wheel is illustrated in Fig. 2, in which a is a hub which 
is pressed on to the axle; and b a tyre assembly with 
a large central clearance hole. On each side of the 
tyre assembly is a circular rubber sandwich c, 1 in. in 
thickness, one of which is illustrated in Fig. 3. This 
sandwich, to which the wheel owes its resilience, is 
formed of rubber sheets bonded to brass plates, which 
are secured to the wheel members by dowels, the whole 
assembly being held together by bolts. The position of 
the sandwiches is such that resilience is introduced into 
the system as close as possible to the track, the load 
on the tyres being transmitted to the axle through 
the two sandwiches in parallel, the rubber being 
subjected to a shear stress. Experience in the United 
States shows that the life of a sandwich is about 
250,000 miles, and that both it and the tyre members 
can easily be replaced by jacking up the wheels and 
unbolting the structure with the truck in position 
under the car. The complete wheel, when new, is 
about 27 in. in diameter and is capable of sustaini 
a maximum static load of about 7,000 Ib. Electrical 
connection between the tyre and the car is effected by 
flexible bonding braids, which are not shown in the 
illustration. 

The electrical equipment, which, like that on the 
original cars, is of Crompton manufacture, consists of 
two 17-h.p. motors on each motor coach. These 
motors are carried on the frame of the coach to reduce 
the unsprung weight on the axles. The drive is 
through worm gearing and a cardan shaft, the maxi- 
mum operating speed being 18 m.p.h.- The motors 
are designed to have a high starting torque and are 
capable of sustaining heavy overloads for short periods 
without undue temperature rise. Each motor coach is 
equipped with a contactor panel, the three panels on a 
seven-car train being normally operated by a master- 
controller through a multi-core cable. This master- 
controller is fitted with the usual dead-man’s handle 
which, when released, automatically cuts off power and 
applies the air brakes. There is, in addition, a masters 
controller on each coach, which permits the operation of 
separate units. The contactors, which, like the rest of the 
control gear, including the switches for the air compres- 
sor and the lighting circuits, were supplied by Messrs. 
Allen West and Company, Limited, Brighton, are 
operated at full line voltage. Current is picked up by 
a collector shoe on each motor coach, and through con- 
nection is provided to maintain the supply when crossing 
a gap in the conductor rails. 





STEEL PRODUCTION IN CANADA.—Statistics which have 
just reached us indicate that the ingot output of the 
Canadian steel industry was 3,089,027 short tons of 
2,000 Ib. in 1948, compared with 2,854,532 tons in 1947. 





COMPUTER FOR V-Rope DrRIvEs.—A useful computer, 
in the form of three concentric discs (of which two are 
cut away) with scales around their edges, has been 
prepared by the Stephens Belting Company, Limited, 
Snow-hill, Birmingham, from whom they may be 
obtained at the price of 1s. each. The instrument is 
designed to facilitate the selection of any factor in a 
V-rope drive when the other factors are known. For 
example, the width of the V-rope can be determined, 
given the diameter and speed of revolution of the pulley 
and the horse-power to be transmitted. 





SCHOLARSHIP IN ENGINEERING AT DURHAM UNI- 
VERSITY.—The Power-Gas Corporation, Limited, Stock- 
ton-on-Tees, have endowed an open scholarship, tenable 
at Durham University, to enable suitably-qualified 
students to undertake a course of study leading to 
a degree in either civil or mechanical engineering. The 
scholarship will normally be tenable for a period of three 
years but, in exceptional cases, it may be extended for a 
fourth year. In 1947, the Power-Gas Corporation en- 
dowed an open scholarship at the University of Leeds for 
gas, chemical, mechanical, or civil engineering. Further 
particulars regarding either scholarship are obtainable on 
application to the Corporation. 





THE MINERAL RESOURCES OF THE SCOTTISH HIGH- 
LANDS.—The North of Scotland Hydro-Electric Board 
are carrying out an investigation into the development 
of various new materials in the Highlands by the use of 
electricity. This will cover a general examination of 
resources in the hope that the application of new technical 
processes may lead to the commercial exploitation of 
undeveloped minerals and other raw materials and to the 
establishment of new industries in the area, Deposits 
of limestone, dolomite, felspar, talc, serpentine, dunite, 
diatomite, clays, sands and gravel will receive attention, 
and research on suitable electrical apparatus for process- 
ing these materials will be conducted in the Board’s 





laboratory at Dundee. 
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REPORT OF THE FULMER 
RESEARCH INSTITUTE. 


Tue first annual report of the Fulmer Research | Mr 


Institute, the official opening of which, by Sir Stafford 
Cripps, was described in ENGINEERING, vol. 164, page 
43 (1947), has now been issued. It covers the 18 
months from the formal opening up to January 1, 
1949, and outlines some of the investigations now 
in hand. The Institute is situated at Fulmer, near 
Slough, Buckinghamshire, and was founded under 
the chairmanship of Colonel W. C. Devereux, C.B.E., 
F.R.Ae.S., to provide research facilities for industrial 
firms and other organisations so that the results of the 
work and any patents arising therefrom remain the sole 
property of the sponsor requiring the research or deve- 
opment to be undertaken. The constitution of the 
Institute is similar to those _of the Battelle and 
Mellon Institutes of America, and its main function, 
in the words of the report, is to carry out research 
“with the eventual object of evolving new processes 


and products or of improving existing ones,” though | 98 


its staff, under the research r, Mr. E. A. G. 
Liddiard, M.A., F.I.M., are also available for consulta- 
tion, and the testing facilities may be used by outside 
bodies. 


The finance necessary to set up the Institute was 
provided by Almin Limited, Farnham Royal, Bucks.— 
the parent of a group of companies mainly concerned 
with the production and fabrication of light alloys. 
Some of the initial research programmes were sponsored 
by these companies, though, in practice, they have no 
special privileges over other sponsors, all of whom are 
only informed of the results of the investigations in 
which they are specifically concerned. The Institute 
operates as a separate autonomous company, and the 
report mentions that the capital expenditure incurred 
over its first eighteen months amounted to about 
100,000. Research is costed on the basis of time spent 
by the staff involved, to which is added the cost of 
materials used and of overheads, charged at a fixed 
percentage of salaries. In certain cases, for example, 
in routine testing work, or in the case of short- 
term investigations, a research e may be 
undertaken for a fixed sum. At it, the facilities 
offered are best suited for metallurgical or chemical 
problems, though work outside these fields is not 
excluded. 

The report lists about forty separate sponsors, 
including the Ministry of Supply and overseas concerns, 
with interests ae gy the production and uses of 
aluminium and i loys, to the distribution of food. 
Present researches include the development of a com- 
paratively rapid method for measuring the creep of 
alloys in compression at high temperatures with the 
object of roughly classifying the alloys in an economical 
manner before carrying out further work on each. 
Research has also continued on basic problems con- 
cerned with a process for extracting and refining 
aluminium by catalytic distillation. The report 
states that several interested parties outside this 
country have — the sponsors to arrange for 
the further development of this process, which, if 
successful, might, it is said, revolutionise present 
methods of production. 

Research has also been extended to cover refractories ; 
no details are given in the report, but good service has 
been obtained apparently from crucibles made in the 
Institute’s foundry; the progress of isation 
of refractory oxides is being studied by X-ray diffrac- 
tion. The properties of fluxes for remelting aluminium 
cuttings and turnings are being investigated with the 
object of increasing their efficiency in preventing 
oxidation and decreasing metal losses. Changes in the 
viscosity of the molten flux have been noted using a 
viscometer of the rotating-cylinder type operating at 
temperatures up to 900 deg. C. Other problems being 
dealt with include the corrosion of aluminium alloys 
for structural work, the causes and ention of 
blisters and similar defects in plated aluminium articles, 
and the electrolytic brightening and polishing of metals. 

The report also refers to the standard contract 
between the Institute and any particular sponsor, 
and mentions that the latter may send their own 
nominees to work in the Institute’s laboratories. As 
emphasised in the conclusion of the report, it is yet 
too soon to judge the success of an enterprise of this 
nature and which is designed, ap tly, to be self 
supporting from the standpoint of balancing revenue 
and expenditure. Over the last 18 months, however, 
there has been a large increase in the staff, which now 
includes some 15 senior investigators. The 
includes references to some recent publications made 
by members of the technical staff, and illustrates some 
of the equipment developed. Besides the chairman, 
Colonel Devereux, and the director of research, Mr. 
Liddiard, the board comprises Sir William Stanier, 


F.R.S., M.I.Mech.E., M.I Loco.E., Mr. W. R. Merton, 
and Mr. 8. Sanders. The secretary is Mr. T. N. T. 
David, B.A., F.S.A.A. 





LABOUR NOTES. 

Tue nationalisation of shipbuilding is discussed by 
. W. B. Beard, O.B.E., general secretary of the 
United Patternmakers’ Association, in an editorial 
note to the Association’s T'rade Report for April. He 
writes that the United Society of Boilermakers and 
Iron and Steel Shipbuilders appear to have given 
considerable thought to this question, judging from 
the booklet which they have produced and circulated 
to most trade unions. A copy was received by the 
Association and Mr. Beard finds that it makes inter- 
esting ing. He understands that the proposals of 
the Society of Boilermakers have been submitted to 
the Labour Party and to the Confederation of Ship- 
building and Engineering Unions, and that possibly 
they may be the subject of discussion at the annual 
meetings of both those organisations. 





“It is obvious that the case has been prepared 
ainst the background of the years between the wars, 
for the boilermakers say, and with justification,” Mr. 
Beard writes, “ that never again must the shipbuilding 
industry experience the terrible unemployment of 
those times, when the industry was con- 
tracted to one-third of its normal size, when it was 
subsidised by the Government, and when its ship- 
yards were closed and dismantled. It is contended, in 
the booklet, that with nationalisation the industry 
could become more stable, even if this meant a reduc- 
tion in the labour force employed, although most of 
ship-repairing and marine-engineering work, presum- 
ably, would remain in private hands. While the boiler- 
makers are to be complimented upon the interest 
they have shown in the future of the industry upon 
which the livelihood of so many of their members 
depends, one is forced to pose the question: would 
the simple transference to public ownership of ship- 
building solve the problem and prevent a recurrence of 


slump conditions ? Was not the main reason for slump | P' 


conditions in shipbuilding in the 1930’s to be found in 
the state of world trade ? ” 





It is clear, Mr. Beard considers, that, if the countries 
of the world sell fewer goods to each other, there will 
be less to carry by sea. Fewer ships will be required 
and the demand for new ships will diminish. Truly, 
he writes, it is world prosperity which creates the 
demand for ships. On the other hand, if the public 
ownership of the shipbuilding industry would result in 
increased efficiency and, in consequence, lower costs, 
and these, after all, are the real test, Mr. Beard empha- 
sises, the industry could be planned to meet the 
intense competition for world tonnage, which must 
arise from the United States, Germany, Japan, etc., 
when the present world shortage has been met, even 
if this planning should necessitate a considerable 
reduction in the labour force of the industry. “ One 
wonders,” he concludes, “ if efficiency would result, 
why the boilermakers leave out ship-repairing, marine 
engineering, and other trades closely allied to the 
production of ships. The booklet obviously requires 
careful consideration.” 





Traffic receipts by the British Railway Executive 
and the London Transport Executive showed a slight 
improvement for the four weeks ending March 27, 
compared with those for the previous four-weekly 
period, but were considerably less than those for the 
corresponding period in 1948. For the four-weekly 
period — on March 27, the traffic receipts of the 
British ilway Executive totalled 23,620,000/., 
compared with 23,362,000/. for the four weeks ending 
on Feb 27, an increase of 258,0001., and with 
24,529,0001. for the four weeks ending on March 21, 
1948, a decrease of 909,000/. The aggregate traffic 


receipts of British Railways for the first twelve weeks | try. 


of 1949 were 69,550,000/., against 72,150,000/. for the 
corresponding period in 1948, a reduction in revenue 
amounting to 2,600,000/. Receipts from er 
fares fell from 22,527,0001. during the first twelve weeks 
of 1948, to 20,053,000/. during the first twelve weeks of 
1949, and those for merchandise and livestock from 
21,023,000/. to 19,937,000/. during the same twelve- 
weekly periods. Receipts from the carriage of minerals, 
and of coal and coke, 
compared with those for 1948. 





The traffic receipts of the London Transport Execu- 
tive amounted to a total of 4,235,0001. for the four- 
weekly period ending on March 27, compared with 
4,177,0001. for the four weeks ending on February 27, 
an increase of 58,0001. They show, however, a decrease 
of 86,0001. when compared with the total for the corre- 
sponding four weeks, ending on March 21, in 1948, 
which was 4,321,000I. 
of 1949, the traffic receipts of the Executive totalled 


owever, increased during 1949, | be 
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pote in 1948, a fall of 194,000/. Traffic receipts 
om each of the Executive's services, railways, "buses 
and coaches, and trams and trolley-’buses had all 
declined over the respective periods. 





Our statement, on page 308, ante, that Mr. James 
Young had been appointed chairman of the Amalga. 
mated Engineering Union, we have learned with 
regret, was inaccurate. The Union inform us that, at 
a recent meeting of the trade-union side of the National 
Joint Council for Civil Air Transport, Mr. James 
Young, general secretary of the Association of Engincer. 
ing and Shipbuilding Draughtsmen, was elected 
chairman of the trade-union side of the Council, on the 
retirement of Mr. G. Hitchings from that position, in 
accordance with an agreement that the period of office 
of the chairman of the trade-union side should be 
limited to two years. Mr. Hitchings was then elected 
vice-chairman. At a subsequent meeting of the full 
Council, comprising both the employers’ side and the 
trade-union side, Mr. Young was chairman of 
the Council for the ensuing twelve months. Mr. J. W. 
Booth, of the British South American Airways Cor- 
poration, the retiring chairman of the Council, was 
elected as its vice-chairman for the same period. 





The proposals of the national executive committee of 
the Labour Party for additional ventures in the state 
ownership of ind were disclosed in a phlet 
entitled ‘‘ Labour ieves in Britain,” published by 
the Party last week. This booklet represents the com- 
bined efforts, extended over many months, of various 
Party sub-committees which have had the benefit of 
consultation and advice from the Trades Union Con- 
gress, individual trade unions, and the Co-operative 
Movement. Its suggestions were also considered at 
the recent meeting of members of the Government at 
Shanklin. A general declaration of the fundamental 
rinciples on which a socialist society should be based 
is followed by a re-statement of the policy of full em- 
ployment, and the part which nationalised industries 
could play in increasing investment to prevent a slump, 
is fully stressed. The principle of equal pay for equal 
work by women is also advocated. The pamphlet 
states that the Party stands by this principle and will 
encourage its —ae “ when the nation’s economic 
circumstances allow it.” 





The special requirements of the development areas 
are discussed and the pamphlet states that the Labour 
Party is determined that the tragedy of Jarrow must 
never be repeated in any shipbuilding district. Regard- 
ing the shipbuilding industry generally, the booklet says: 
“The world’s great losses of merchant ships during the 
war are being replaced and, when this task is completed, 
the shipbuilding industry will face special problems. 
To aid reorganisation, a development council will be 
established for shipbuilding and ship-repairing. But 
if private enterprise fails, Labour will not hesitate to 
take all steps necessary to ensure that this nationa! 
asset, British shipbuilding, is never again neglected.” 
In addition, the Government is prepared to take such 
measures as may be necessary to enable the shipping 
industry to equip the country’s merchant service with 
modern ships built in British shipyards. 





The chemical industry is also discussed in the 
pamphlet. After declaring that some monopolies are 
so big and powerful that competition with them would 
be valueless, and that to try to break up a monopoly 
which is an efficient producer would be most unwise, 
it is stated that the only sure safeguard against the 
concentration of t economic power in the hands of 
a private cenetee public ownership. One industry 
which will be carefully examined is the chemical indus- 
“* As supplier of raw materials, this industry is 
as basic to the national economy as coal and steel. As 
supplier of fertilisers, it is vital to agriculture. As 
manuiacturer of war material, it is vital to national 
defence.” It contains a number of monopolistic con- 
cerns which play a decisive role in the national economy 
and, if necessary, a Labour Government will transfer to 
public ownership “‘ any appropriate sections of this key 
industry.” The policies outlined in the booklet will 
i doubtless with other projects for nationa- 
lisation, at the Party’s annual conference at Whitsun. 





The London dockers, who had been on strike since 
the previous Monday, returned to work on Saturday 
inh and Goes Gabel te be contdag par ob tb Sauber 
rates by working overtime unloading ships which had 
been delayed by the strike. A well-attended meeting 
of the Watermen, Lightermen, Tugmen and Barge- 
men’s Union on April 12 had voted against joining the 
ike. Later, members of the Stevedores’ Union 
declared their willi to resume work on the under- 





12,604,000/., against 12,798,0001. for the corresponding 





standing that their executive took up the dispute. 
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HEAT ENGINES.* 
By K. Baumann, M.I.Mech.E. 


(Continued from page 336.) 


SANKEY was able to report that, in 1917, the turbine 
with direct drive to the propeller had been definitely 
superseded by the turbine geared to the propeller shaft, 
and that the introduction of the double-reduction gear 
would result in the turbine competing suc — 
with the steam engine at a power as low as 4,000 sh: 
horse-power. The steam pressures adopted up to that 
time were generally 180 to 200 lb. per square inch with 
Scotch boilers, and up to 260 lb. per square inch with 
water-tube boilers, with saturated steam or with only 
a limited amount of superheat. With the advent of 
the double-reduction gear and higher speeds of revolu- 
tion, it was ible to increase the superheat to that 
used at that time for stationary land turbines. Tur- 
bines for merchant marine vessels which were built 
after the 1914-18 war were designed for superheats u 
to 250 deg. F. (630 deg. total temperature) with ate 
erate steam pressures of 180 to 200 Ib. per square inch. 
An attempt to introduce higher pressures and tem- 
peratures (575 lb. per square inch, 750 deg. F.) was 
made in 1926 in connection with the 3,500-h.p. turbine 
for the steamer King George V, but it was not successful. 
Even in 1935, the steam conditions adopted for the 
relatively large turbines of 40,000 shaft horse-power 
for the eon Mary were only 400 lb. per square inch 
and 700 deg. F., which were slightly below the weighted 
average for land turbines at that time. 

To utilise higher pressures and temperatures effici- 
ently, it is necessary to run at least the high-pressure 
turbine at speeds higher than are possible with the 
ordinary transmission gear in which the power and 
speed are limited by the pinion. This can be overcome 
to some extent by arranging the turbines in more than 
two cylinders, or by providing an additional reduction 
for the high-pressure turbine, at the expense, however, 
of complicating the machinery. Increased difficulties 
resulting from the use of higher pressures and tempera- 
tures are also associated with the astern turbine, not 
only as a result of the added complication of the plant, 
but also because of the sudden changes in temperatures 
when manceuvring. These difficulties can be overcome 
by electric transmission, which has made possible the 
use of a pressure of 850 lb. per square inch with a tem- 

rature of 850 deg. F. in the 9,000-h.p. turbine in the 

.S. Beaverdell, in which, in addition, reheating was 
adopted. Alternatives include the use of reversing 
gears or reversing propellers, which appear still to be 
in a state of development. 

A considerable step forward was made in the United 
States by the introduction of the locked-train in 
1933, which permitted the building of double-reduction 
gears of great rigidity and light weight, and, conse- 
quently, the use of higher-speed turbines. This permitted 
the efficient use of modern steam conditions then in use 
for land plant, namely, 375 lb. per square inch, with a 
temperature of 825 deg. F. at the turbine. The satis- 
factory ience obtained with this gearing facilitated 
the introduction in 1938 of still higher pressures— 
550 lb. per square inch with a temperature of 825 deg. F. 
at the turbine—with considerable savings in fuel con- 
sumption and in range of naval craft. 

e introduction of hardened and ground gears will, 
no doubt, permit a further rise in the power trans- 
mitted through the pinion, thus justifying the adoption 
of still higher pressures and temperatures. It is 
apparent, therefore, that the development of reduction 
gearing has been, and will continue to be, immediately 
associated with progress in marine turbine practice. 
It must be ised that, as the output of marine 
turbines is usually small compared with that of land 
turbines, high pressures are not justified to the same 
extent, as the advantages gained with higher steam 
conditions are bound to be smaller than in large land 
turbines. The trend of modern marine turbine prac- 
tice is indicated by an article by Dr. T. W. F. Brownt 
in which higher pressures and temperatures up to 
1,400 lb. per square inch (gauge) and 790 deg. F. with 
reheating are suggested for turbines of 13,000 shaft 
horse-power, using the impulse type of turbine for the 
high-pressure end. 

During the period under review, various economic 
problems affecting the design of steam power plant 
have had considerable attention. The question of the 
economic rating of steam turbines, economic steam 
temperature, economic feed temperature, and economic 
size of condensing plant have been dealt with, and it 
has been shown that, in the neighbourhood of the 
economic point, considerable variations are permissible. 
It follows that considerable steps in steam conditions, 
feed temperatures, ratings, etc., are permissible without 





* The 35th Thomas Hawksley Lecture, delivered at 
the Institution of Mechanical Engineers, London, op 
Friday, November 19, 1948. Abridged. 

t “The Geared Steam Turbine,” Trans.I.Mar.Z., 
vol. 59, page 243 (1948). 





appreciable loss in overall economy. This justifies a 
degree of standardisation which has not been obtained 
in the , largely as a result of the progress which 
has been made, a f of competition among the engineers 
concerned with the design and operation of plant. It 
has also been shown that considerable changes in the 
economic conditions, such as cost of fuel and cost of 
plant, do not greatly affect standardisation. This is 
of great importance, particularly at present, from the 
point of view of ease of production of plant. 

Progress in the art can be measured largely by the 
variation in the additional cost of plant required to 
improve the economy, and I have shown that, during 
the past 20 years, the additional cost required to 
improve the economy by raising the pressure, for 
instance, has been reduced to one-third the relative 
values quoted by Guy in 1927. I consider, however, 
that, with an increased measure of standardisation, the 
engineer’s time can be usefully employed in improving 
the plant not only from the point of view of thermal 
efficiency, but also from the point of view of ease of 
production. 

Sankey was unable to report any real progress on 
the gas turbine, although there had been much theoris- 
ing on this subject. He explained that the main 
difficulty was to obtain material for the blading which 
would ‘withstand the high temperature necessary for 
reasonable economy, and also pointed out that the 
losses in compression were such that it was not likely 
that the brake thermal efficiency of the gas turbine 
would much exceed that of the steam turbine up to 
then obtained, which was about 18 per cent. These 
two factors are certainly the most important items 
which affect the development of the gas turbine. Both 
difficulties were, no doubt, largely responsible for the 
great deal of attention given to the explosion or inter- 
mittent-combustion type of gas turbine, in which the 
work required for compression was reduced and the 
cooling of the blades by intermittent scavenging was 
facilitated. Stodola emphasised the higher intrinsic 
efficiency of the explosion turbine, but pointed out that 
the efficiency of the turbine itself was likely to be better 
in the constant-pressure plant than in a plant employ- 
ing intermittent explosions, in which the gas velocities 
through the turbine are variable within wide limits. 
The complications connected with a plant using inter- 
mittent combustion, as well as the large losses resulting 
from the cooling of the blades, have been largely respon- 
sible for the lack of progress with this type of plant. 

The thermal efficiency of a 500-brake horse-power 
Holzwarth gas turbine was reported by Stodola in 1924 
to be 16 to 18 per cent. The latest Holzwarth gas turbine, 
of 5,000-kW capacity, was provided, in addition to 
water cooling of combustion chambers, with a steam. 
boiler utilising the heat in the exhaust gas, thus com- 
plicating the plant still further. In the endeavour to 
find the solution for a practical explosion-type gas tur- 
bine, a great many suggestions have been made, mostly 
impracticable, but there are a few which will no doubt 
be adopted in connection with the constant-pressure 
turbine; for instance, combustion in two or more 
stages was proposed, in order to utilise more fully the 
air remaining after one combustion process. 

It would appear now that the constant-pressure 
turbine has superseded the explosion turbine, largely 
as the result of its simplicity. The earliest serious 
attempt at a gas turbine of the constant-pressure 
cycle, built by Armengaud in Paris in 1905, was not 
successful. The turbine was hardly able to produce 
sufficient power to drive the compressor because of the 
low efficiency of the compressor and the excessive water 
cooling used in the combustion chamber. The com- 
pression ratio in this plant was 4:1 and the power 
required for the compressor was 400 brake horse-power. 
As predicted by Sankey, real pr with the gas 
turbine was made possible with the improvement of 
the compressor, and with the development of heat- 
resisting steels. The former was achieved first in 
connection with the axial-flow com used in 
conjunction with pressure-combustion boilers by 
Brown Boveri in Switzerland, and the latter as a result 
of the investigation of creep properties of steel used in 
steam turbines, and similar investigations connected 
with materials suitable for higher temperatures used in 
gas-turbine driven superchargers for aero-engines. The 
first commercial gas turbine for public electricity 
supply was ordered in 1938 and installed as an emer- 
gency set in Neuchatel, Switzerland, in 1940. 

In this country, rapid development took place during 
the 1939-45 war in connection with jet-propulsion 
engines, by Whittle, using a centrifugal compressor, 
and by others using axial-flow compressors. Since 
then, gas turbines a mechanical power for 
aircraft propulsion, for driving locomotives, for power 
stations, and for marine propulsion have been and are 
being — on an increasing scale. For record 
purposes, a list of some of the known plants, with 
particulars of construction and performance, is given 
in Tables VIII and IX, on page 382. The largest gas 
turbine in operation is of 13,000 kW capacity, with a 
thermal efficiency of 27-5 per cent., and the largest 





under construction is of 27,000 kW, with an expected 
efficiency of 34 per cent. The most im t develop- 
ments concern the combustion of heavier fuels, the use 
of coal for gas turbines and the development of heat 
exchangers. 

A heat engine akin to a gas turbine is the hot-air 
turbine, called the aerodynamic turbine, developed by 
Escher Wyss in Switzerland, and working on the closed 
cycle, with the operating pressures varying with the 
load. A plant of this type has given on test a thermal 
efficiency, based on lower calorific value and excluding 
auxiliaries, of 31-6 per cent., with a turbine inlet 
temperature of 1,270 deg. F. The principle of operation 
is similar to that of the hot-air engine develo in 
Holland for smaller powers, for which relatively high 
efficiencies are claimed. A combination of closed-cye 
and open-cycle plant is also being developed in Switzer- 
land by Sulzer. 

The mercury-vapour process was introduced by Dr. 
W. le R. Emmet of the General Electric Company 
of America, in 1913, and the company have been 
concerned with the development of the mercury plant 
ever since. The first industrial plant was installed 
in 1923 at the Dutch Point power station at Hartford. 
It was a unit of 1,800-kW mercury-turbine capacity 
producing 40,000 lb. per hour of steam at 200 Ib. per 
square inch and 100 deg. F. superheat. A larger unit, 
of 10,000-kW mercury-turbine capacity, was installed 
in 1928, the boiler being designed for pulverised fuel, 
and with this plant a combined mercury and steam heat 
consumption of 10,000 B.Th.U. per kilowatt-hour has 
been obtained over long periods. Several other plants 
have been installed since, and it is but nat that 
many “teething troubles” were experienced. The 
greatest difficulty occurred as a result of solution of 
steel in mercury, which was satisfactorily overcome 
by the addition of magnesium and titanium to the mer- 
cury. ‘Tests on a 50,000-kW plant (20,000 kW from 
mercury and 30,000 kW from steam) at the Kearney 

wer station of the Public Service Electric and Gas 

ompany, New Jersey, showed a heat consumption 
when oil-fired of 9,175 B.Th.U. per kilowatt-hour, corre- 
sponding to a thermal efficiency of 37-2 per cent., based 
on the higher calorific value and referred to the net 
electrical output, or 38 per cent. referred to the net 
output at the turbine coupling. This efficiency is 
obtained with a mercury-turbine temperature of 
975 deg. F. and a pressure of 140 lb. per square inch. 

While these earlier installations were designed as 
topping units in combination with existing steam sets, 
plants are now under construction with new steam 
sets for which a net heat consumption of 9,200 
B.Th.U. per kilowatt-hour (higher calorific value) is 
guaranteed with oil firing and a mercury temperature 
of 940 deg. F. at the throttle. Some of these plants are 
made suitable for pulverised fuel as well as oil firing 
as an alternative. The price is higher than for straight 
steam plant, but their installation is economically 
justified for high load factors in view of the saving in 
fuel and the steadily increasing cost of fuel. The 
amount of mercury in the system has been gradually 
reduced to 2 lb. per kilowatt generated by both steam 
and mercury. 

The utilisation of the heat in the exhaust gases of 

internal-combustion engines has had the attention of 
many engineers and inventors. The heat rejected 
in the exhaust gases is about one-third of the heat in 
the fuel, i.e., about 2,300 B.Th.U. per brake horse-power- 
hour, the temperature being 700 to 750 deg. F. in four- 
stroke engines, and 500 to 550 deg. F. in two-stroke 
engines. By installing an exhaust boiler, some of the 
heat in the exhaust gases can be utilised to produce 
steam: roughly one-half in the case of four-stroke 
engines, and about one-third in the case of two-stroke 
engines. 
As the heat available in the exhaust gas is of low 
grade, it is only possible to produce saturated steam at 
a relatively low pressure, the quantity being 1-2 lb. and 
0-8 lb. per brake hurse-power-hour for the two types 
of engine, making allowance for heating the feed water 
in the cylinder jackets. The best way of utilising such 
heat would be by expanding the steam in a steam 
turbine to a reasonably high vacuum, which would 
produce an additional 10 and 7 brake horse-power for 
every 100 brake horse-power produced in the engine, 
and thus the thermal efficiency would be raised from, 
say, 38 to 41-8 per cent., or 40-5 per cent., respectively. 
Whether this would be economically justified both 
from the point of view of additional cost and complica- 
tion of the plant is another question. It does, however, 
represent a primitive form of what is called a binary 
heat engine. 

Proposals to utilise the heat in the exhaust gas from 
gas engines, together with the heat passing through 
the cylinder walls, for producing additional power, 
were made by Lorenz and Taucher in 1896, according 
to which the steam produced.is expanded in the 
cylinder acting on the underside of the gas-engine 
piston. These proposals have been elaborated by Still 
in the design of the Still engine. Comparative tests on 
a marine oil engine of the Still type and a Sulzer engine 
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GAS-TURBINE INSTALLATIONS. 
TABLE VIII.—GAS TURBINES: BENCH TESTS AND EXPERIMENTAL SETS.* 
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* Based on brake horse-power and lower calorific value. 


showed, however, no appreciable improvement in 
favour of the Still engines. A more su Sti 
engine was installed in M.V. Dolius, and test results were 
the subject of the second report of the Marine Oil Engine 
Trials Committee in 1925. In this engine the steam, 
after ion in the cylinders, was further utilised in 
a turbine exhausting to a condenser. By making fuller 
use of the heat in the cylinder jacket, 2,630 B.Th.U. 
per engine brake horse-power-hour was recovered in 
2-13 Ib. of steam engine brake horse-power hour, 
the steam pressure being 120 Ib. per square inch, which 
produced an additi 10 per cent. of power in the 
cylinders and about 5 per cent. in the turbine driving 
the scavenging blowers. The highest thermal efficiency 
of the engine was 37-1 per cent., based on the higher 
calorific value, which to a thermal efficiency 
of about 39-3 per cent. based on the lower value. 

A Still engine has been also in operation on a loco- 
motive; test runs were but no information 
regarding 


thermal efficiency is available. No further 
commercial use of Still engines appears to have been 


made. In the meantime, the thermal efficiency of the 
ill} more simple oil engine has been raised to that of the 
, without the added complication involved 
by the utilisation of the heat in the exhaust gases to 
produce a relatively small amount 
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The additional power could be increased by the 
addition of a steam plant in which the low-temperature 
heat in the exhaust gases is used to heat the feed water 
to saturation temperature only, adding fuel heat for 
evaporation and superheating. 
involving an oil engine and a steam turbine, with their 
different characteristics and speeds, however, would 
need to offer important compensating features to offset 
the obvious disadvantages of the two different prime 
movers, which this combination normally would not 
do. The disadvantages can be avoided, and important 
by using the oil engine as a gas 
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An oil engine wholly engaged 
its intake and exhaust pressures 
would be approximately 55 Ib. per square inch (gauge), 
would deliver gas at this pressure at a temperature of 
Only about 25 
of the air entering the oil engine is consumed, 
so that the gas delivered at the oil-engine exhaust has 
75 per cent. of the initial oxygen available for the com- 
bustion of further fuel. With the combustion extended 
to 85 per cent. of the initial oxygen, the fuel burnt in 
generator would be approximately three 
times the fuel burnt in the generator, and with 
ppropriate steam conditions the steam power would be 
2-5 to 3 times the gas power. 
ent, all useful power is developed 
by turbines, and the oil engine, because of high 
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weight because combustion is taking place at a high 
pressure, and also because a high temperature 06 
is obtained at the heating surfaces, as the exit tempera- 
ture is determined only by the temperature desired at 
the gas turbine, and the heat in the exhaust of the gas 
turbine is utilised for heating the feed water in the 
steam cycle. As the air in this cycle is fully utilised 
for combustion, the mass flow is reduced to a minimum. 
The gases leave the cycle with as low a temperature 
as is permissible from the consideration of avoiding 
condensation of the va; containing acids, which 
would cause corrosion of the plant and pollution of the 
atmosphere. Thus the heat in the exhaust is reduced 
as far as possible, with the result that overall thermal 
efficiencies in power units approach that of the 
highly efficient oil engines, but without the use of gas 
and steam-turbine inlet temperatures higher than those 
of present steam practice. As cheaper fuel oils can 
be used for the major portion of fuel, the fuel cost of 
operating the plant will be less than that of an oil 
engine. 

e advent of the gas turbine has opened the door 
for various combinations of binary cycles. I have 
already referred to one which was adopted for the 
ae Holzwarth turbine. The pressure-combus- 
tion boiler, where the surplus power of the gas turbine 
driving the compressor is utilised, is another example. 
Various combinations of gas turbines, boilers with 
pressure combustion, and steam turbines, s 
themselves, and numerous patents have been taken 
out, but it is too early to say whether any are worthy 
of serious consideration. e exhaust heat in gas 
turbines is more economically utilised in a heat regenera- 
tor for heating the compressed air before it enters the 
combustion chamber. 

For large land power stations the steam plant is 
predominant, particularly where coal is the fuel. 


TABLE X.—THERMAL EFFICIENCIES (BEST 





motives, particularly in countries where oil fuel is 
available and water is scarce. The weight of the gas 
turbine is about 5 lb. per brake horse- , compared 
with 20 lb. per brake horse-power for all engines. Thus 
ohare enon Dy ogee & 
single locomotive. This, together with the fact that 
cheaper fuels can be used, will compensate to a 
extent for the increase in fuel consumption, the thermal 
efficiency of the gas turbine being 18 to 20 per cent. com- 
pared with 34 to 38 per cent. for the oil engine, with par- 
tial-load efficiencies still more in favour of the oil engine. 
The efficiency of a steam locomotive is about 8 to 10 per 
cent., and the fuel consumption of an oil-fired loco- 
motive is, therefore, more t double that of a gas- 
turbine locomotive. 

The gas turbine is relatively less suitable for smaller 
locomotives of 2,000 h.p., as in this case the oil-engined 
locomotive can be constructed as a single unit. The 
development which is now taking place in the United 
States in regard to the coal-burning gas turbine for 
locomotives is also of particular interest. For aircraft, 
the gas turbine has been firmly established for jet 
ay eng and more recently it has also been applied 

or a propellers in units up to 4,000 shaft a- 

power. For the former, the weight is only about 
0-25 lb. per thrust horse-power at a flight speed of 
500 miles per hour, and for the latter, it is about 0-9 lb. 
per shaft horse-power excluding the weight of the 
propeller. This compares with 1 lb. per shaft horse- 
power for fully developed reciprocating engines in 
military aircraft. 

The advance which has been made in the thermal 
efficiency of heat engines—always, it has been shown, 
to be viewed against the background of mechanical 
and economic considerations as a whole—is sum- 
marised in Table X, herewith. It shows an improve- 





ment in gas engines of 33 per cent. when using town’s 


RECORDED) BASED ON BRAKE HORSE-POWER. 




















1917 (Sankey). 1947 (Achieved). 
Improve- 
Thermal Efficiency, | Thermal Efficiency, 
Kind of Heat Engine. per cent. | per cent. area 
Fuel. SS Fuel.  ecue aie ace eal 
} 
| L.O.V.t | H.0.V.t | LCV. | H.C.V.t | 
i J | 
Steam engine . . Bo 16-0 | 15-5 | 
Gasengine . Town's gas 31-0 | 28 | Town’s gasand oll .., 41-4 87-4 33 
Pe - ai - ..| Producer gas | 31-0 | 29-5* | Producer gasand oil | 35-0 33-3° 13 
Oil engine - * ~~ —o ae .-| 38-0 31-0* a we wi «+| 41-7 39-2° 26 
Steam-turbine plants without reheat | Coal .. | 18-2 17-6* Coal .. 32-5° 31-5 78 
Steam-turbine plants with reheat .. -- — Coal .. 35-0 | 34-0 92 
Mercury steam plants pas = a= Fuel oil és 39-9° | 38-0 
Bunker C | 
Gas turbines without regenerator .. oa = Fuel oil - 23-3 21-9 
Gas turbines with regenerator oot “= a Fuel oil 27-5 25-9 





* Estimated from other data given, on the basis of relation between higher and lower calorific values quoted in the Lecture. 


+ Lower calorific value. t t calorific value. 


Sankey’s forecast of gasifying coal to obtain by-products 
has not materialised. As boilers will still be required, 
the additional cost of gas producers is a serious handi- 
= With the advent of the gas turbine, this drawback 

ill disappear, and there have been indications that 
developments on these lines will again come under 
review. A gas turbine with pressure producers has 
been under construction in Germany. e oil engine 
has found considerable application in smaller power 
stations where fuel oil is available at favourable prices, 
and has made considerable inroads on the steam plant 
in capacities up to 2,000 brake horse-power. It has 
been used for peak-load plants in large capacities, but 
for units above 5,000 h.p. the gas turbine is likely to 
become a serious competitor, particularly as cheaper 
fuel oils can be used. 

The turbine has one feature quite special to 
iteelf. e efficiency of gas-turbine plant can be 
improved by additional costs over a considerable 
range—from, say, 16 to 32 per cent.—and plant can 
be selected more readily than with any other type of 
ee eee, 0 2 ee 
particular load factor and cost of fu © gas turbine 
may show an advan over steam plants in regard 
to choice of site; by ing it at suitable points in 
the distributing system, additional capital expenditure 
in cables may be avoided. 

In many applications, production of power is com- 
bined with production of heat for work. In 
these cases the steam plant is usually superior to any 
other. For i ine i 


steam plant. Its light weight 
ment e important factors, and it is in these 
applications that the gas turbine will find of its 


gas, and 13 per cent. when using producer gas. The 
improvement in oil engines is 26 per cent. For steam 
plant it is 78 per cent. or, with reheat, 92 per cent. ; 
100 per cent. is in immediate pr eantime, 
gas turbines have reached the stage of practical applica- 
tion. In this advance, competition between teams of 
engineers throughout the world has been the dominant 
factor. The new science of of materials, to which 
this country has made a major contribution, has been 
essential to this . 

A good deal of confusion has existed in the specifica- 
tion of the thermal performance of prime movers 
because it has not been clearly stated whether such 
performance is based on the higher or lower calorific 
value of the fuel used. The heat consumptions and 
thermal efficiencies given by Sankey are based on the 
lower calorific value, which is in line with the report on 
Steam Engine and Boiler Trials published in 1913, and 
also with the Standards of Efficiency of Internal Com- 
bustion Engines, published in 1905. In the report on 
Heat Engine Trials, 1927, however, it was concluded 
that, in trials for industrial the trouble and 

involved in determining the net (lower) calorific 

jue was hardly justifiable, and it was recommended 

that the gross (higher) value be used; this recom- 

mendation had already been unanimously adopted at 

a conference held at the Institution of Civil Engineers 
on July 3, 1924. 

Notwithstanding this recommendation, the British 
Standards Institution Specification No. 845 of 1936, for 
Commercial Acceptance Tests for Steam Boilers, still 
recommended that the results should be analysed on 
the basis of both the higher and lower calorific values. 
This is no doubt justified because, for a given boiler, 
the efficiency based on the higher calorific value will 
vary with different qualities of coal, largely with 
different moisture contents, to a much greater extent 
than when based on the lower value. For steam r 
stations, the ice a to have been established 
of quoting ciencies on the basis of the 





higher calorific value. I have been informed that, for 


the determination of the thermal efficiencies quoted in 
the annual of the Central Electricity Board, 
the higher ues have been used since 1927, in line 
with the report on Heat Engine Trials. 

The British Standard Specification No. 649 of 1936, 
Tests on Internal-Combustion Engines, as amended in 
May, 1946, calls for the performance of gas engines to 
be given in terms of heat units per brake horse-power 
hour based on the gross value, and for heavy oil engines 
in terms of the consumption in lb. per kilowatt-hour 
based on the use of fuel oil having a gross calorific value 
of 19,350 B.Th.U. perlb. No reference is made in these 
specifications to the calculation of the thermal efficiency, 
but it is — that, when publishing thermal effi- 
ciencies of internal-combustion engines, it is customary 
to take the lower value, often without stating the basis 
used. The use of the lower value appears to be the 
accepted practice, and is, in fact, recommended for 
technical work by the principal authorities, who also 
prefer the use of the terms “higher” and “ lower” 
calorific value. In this lecture, I have adhered to this, 
and have reserved the terms “ gross” and “ net” 
for qualifying the output of heat engines; the net 
output is equal to the gross output of the engine minus 
the power required to drive all essential auxiliaries ; 
the net heat consumption or net thermal efficiency is 
that based on the net output. 

On inquiry regarding the practice in the United States 
I am referred to a Symposium on Heating Values of 
Fuels, which came up for discussion at the annual 
meeting of the American Society of Mechanical Engi- 
neers in December, 1947. From iminary reports, it 
appears that the position in the United States is some- 
what similar to that in this country. In view of the differ- 
ent practices still prevalent, it is desirable in giving ther- 
mal efficiencies to state specifically whether they are 
based on the higher or lower calorific value. If no defini. 
tion is given, it must be assumed that they are based on 
the lower value. 

On the basis of figures published in H. M. Spiers’s 
Technical Data on Fuel, and other evidence, the ratio 
of the higher and lower calorific values for different fuels, 
and consequently also the ratio of the respective 
thermal efficiencies, is as follows :— 








Bituminous coal (20 per cent. moisture) 1-09 

” ” (10 ” ” ) 1-05 

o » (dry) “we ~~ ee 
Anthracite... wie bes woe 
Coke ... 1-01 
Petrol ... “i _ on veo RR 
Kerosene and aviation gas turbine 

fuels _ due on --» 1-°0675-1-0625 

Diesel and fuel oils ... wet --- 1°06+40-01 
Producer gas ... one oan ows 1-05 
Coal gas—town’s gas wee os 1-11 


It is generally recognised that the lower value is the 
better basis for comparing the thermal efficiencies of 
different kinds of heat engines, as it is obvious that 
their performance should not be prejudiced by the 
fraction of the heat content of the fuel which cannot 
be used. It is for this reason that, except where other- 
wise stated, I have adhered in this lecture to thermal 
efficiencies and heat consumptions based on the lower 
calorific value. Thermal efficiency in itself has no 
industrial significance. What matters is the cost of the 
fuel for a given heat quantity ; provided the cost of heat 
and the thermal efficiency are given on the same basis 
for all heat engines, the comparison is bound to be 


correct. 

An abuse of the term “ thermal efficiency ” of heat 
engines is due to a fallacious appreciation of the value 
of heat. Thus, in heat engines where the heat leaving 
the engines is utilised in some way or another, this heat, 
for the purpose of asseasing therkeal efficiency, has 
sometimes been credited to the cycle as if it were 
equivalent in value to the heat which has been con- 
verted into mechanical work. A ing to the second 
law of thermodynamics, the value of heat is increased 
with the roe greageed at which this heat is available, 
and it should be measured by its capacity for pro- 
ducing mechanical work. 

The thermal efficiency of any heat engine is the ratio 
of the heat converted into mechanical work to the 
heat expended in producing that mechanical work. 
If, for any particular application, some of the heat is 
used for p other than the production of mechani- 
cal work, then that heat should be credited to the 
cycle only on the basis stated above, that is, on its 
potential capacity for producing mechanical work. 
On this basis, the thermal efficiency of different 
of heat engines will become comparable whether or not 
heat is used for process work. Unless this is done, 
absurd results are obtained; for instance, where 
exhaust steam is used for process work, the efficiency 
of a steam plant would be increased if the efficiency of 
the prime mover were reduced, and in the limit, where 
no mechanical work is produced, would reach the 
efficiency of the boiler, say, 90 per cent. 

In oil engines, the heat rejected in the éxhaust is 








equal to about 90 per cent. of the heat converted into 








384 


ENGINEERING. _ 








APRIL 22, 1949. 











mechanical work. By installing an exhaust boiler, 
roughly one-half of the exhaust heat can be utilised 
to ene steam. It has been suggested that the 
total thermal efficiency of the engine is thereby raised 
from, say, 39 per cent., to over 56 per cent., a claim 
which is, of course, entirely unjustified, as it implies 
that the exhaust heat has the same value as the heat 
which can be converted into mechanical work. Even 
a claim that the exhaust heat should be deducted from 
the heat consumption, resulting in a thermal efficiency 
of 46 per cent., is not admissible, as, in this case, low- 
grade heat is valued at the same rate as high-grade 
heat. The saturated low-pressure steam from the 
exhaust boiler is not likely to produce more than an 
additional 10 per cent. of mechanical power, and the 
highest thermal efficiency which could legitimately be 
claimed would be about 41-8 per cent. Such a Fa 
could only be made if the additional cost of the plant 
and the increased complication, with correspondingly 
increased capital costs, maintenance, and operating 
costs, were normally justified by the reduction in heat 
consumption; and if such an arrangement had, in 
fact, become the normal practice, but was omitted in a 
gerirors application in order to use the exhaust heat 
or another purpose, such as heating or process work. 


(To be continued.) 





NOTES ON NEW BOOKS. 


Fifty Years ; Some Notes of the Progress of Reavell and 
Company from 1898 to 1948. Ranelagh Works, 
Ipswich. 

TxHosE who remember the late Sir William Reavell— 
they are still numerous, though he retired from many 
of his professional and other activities for some years 
before his death a year ago—will welcome particularly 
this compact brochure in which is recounted the history 
of the firm and the works that he founded. His pre- 
parative years could not have been spent in better 
surroundings for developing the qualities necessary to 
bring such a venture.to fruition, for he was employed 
successively by Hawthorn, Leslie and Company, Mauds- 
lay, Sons and Field, Babcock and Wilcox, and Peter 
Brotherhood and Company; and his brother-in-law, 
who was associated with him, was the “ Scott” of 
Laurence Scott and Electromotors, Limited. W. H. 
Scott had designed a high-speed engine; Reavell had 
devised a new type of air compressor; and it was for 
the construction and combination of the two that the 
Ranelagh Works was established. The growth of the 
undertaking, and the gradual change in the type of its 
products, are admirably brought out in this booklet, 
which may be cc ded especially to the attention 
of young engineers as a notable story of initiative and 
enterprise. It would have been of interest if mention 
had been made of any Scott engines which are still at 
work or in existence; one at least ought to be pre- 
served. 








Work of the World Series. No.1. The Story of Power. 
By Georrrey GERARD. No.2. fronand Steel. By 
Dr. J. H. Cuesters. Thomas Nelson and Sons, 
Limited, Parkside Works, Edinburgh, 9. [Price 
5s. net, each.] 


Tue style of these two books, which will presumably be 
the same for the whole series, is akin to that of the more 
readable type of geography books used in schools. 
In each case, the subject is so vast that the author, 
obliged to discriminate, must exercise his own judgment 
and taste in selecting the facts to be presented, and as 
anything like a complete presentation of the subject is 
impossible in a book, erudition can be shunned 
and entertainment combined with instruction. Writing 
on technical subjects in this style, however, requires 
something more than technical knowledge, if irritating 
banalities are to be avoided. If Dr. Chesters has been 
more successful than Mr. Gerard, that is understandable: 
iron and steel are concrete things per se, readily compre- 
hended and explained, but power is an abstraction, 
interesting only in its methods of production and 
application, which are multifarious. Dr. Chesters 
the interest of the reader from the outset in a 
novel way. ‘The book is a shrewd distillation of his 
wide knowledge of iron and steel, embracing both 
current practice and historical pasta pare ; engineers 
as well as laymen and schoolboys will find it interesti 
and informative. Mr. Gerard’s selection of aaimial 
for his book on power is not altogether satisfactory, 
and, while brevity is essential in a book of this size, 
recision of expression should not be sacrificed. The 
‘w paragraphs on the gas turbine describe jet propul- 
sion briefly, but make no reference to gas turbines 
which deliver power through a shaft; a drawing of 
one of each type, would have been helpful to the reader. 
A brief mention of wind pour ‘ene the attention 
and effort which have been devoted to it in recent years. 
Both. books are generally well illustrated and are 


AND ALUMINIUM ALLOYS.* 
By R. B. SHepHearp, B.Sc., M.I.N.A. 


Tue light-alloy ship dates back to the closing years 
of the last century ; in 1895, 60-ft. torpedo boats for 
the French Government were built in this country. 
This early endeavour was, however, not a success, the 
alloys then available proving unsuitable for marine 
conditions. Some years after the war of 1914-18, 
aluminium-magnesium alloys combining a high resist- 
ance to marine corrosion with suitable strength charac- 
terists were developed, and, in 1931, the 55-ft. motor 
launch Diana II was completed to the classification of 
Lloyd’s Register. Her hull, of an aluminium-mag- 
nesium alloy, was built on orthodox lines, the con- 
nections being made by cold-driven rivets of the same 
material, During her career the Diana II has seen 
severe service; she has changed hands several times 
and has been laid up for long periods. It is probable 
that this little ship has received no special attention, 
but nevertheless, a recent examination has shown her 
to be in excellent condition with no indications of 
corrosion or other deterioration of the hull. 

The service experience of some other small craft 
has not been so happy as that of Diana II, but where 
serious corrosion has occurred it has been traced to a 
failure to observe certain fundamental precautions. 
The aluminium alloys must not be brought into contact 
with metals occupying a lower place in the electro- 
chemical series, for where this occurs either through 
using fittings of dissimilar metal or coating the ship 
with anti-fouling compositions containing mercury or 
copper, the sea water will act as an electrolyte and 
impair the life of the alloy. 

Since the close of the recent war, the aluminium 
industry has devoted considerable attention to the 
production of alloy material in sizes and thicknesses 
suitable for general shipbuilding pages A Service 
schedule of aluminium and its alloys (BS/STA 7 
(Group 6) ) was produced in May, 1945, but while this 
standard was suitable for sheet and extrusions, it did 
not cover plates of the scantlings which were being 
produced for use in such parts of a ship as deckhouses, 
superstructures, hatch beams, and other items. It 
became evident that, in the interests of users and 
manufacturers, a specification should be available for 
shipbuilding material of thicknesses in present and 
potential demand, and Lloyd’s Register undertook the 
responsibility of its preparation. Sheet material of 
the non heat-treatable variety owes much of its phy- 
sical property to the amount of work hardening 
induced through rolling, but in thicker plates this 
increased strength cannot be obtained economically. 
It was therefore necessary to provide for material in 
the soft condition, and, as a result of discussions with 
the Admiralty and the Aluminium Development Asso- 
ciation, a Tentative Specification was drawn up and 
published by Lloyd’s Register at the end of 1947. 
Under this specification, plates and sections of both 
the heat-treatable and the non heat-treatable alloys 
are required to have a tensile breaking strength not 
less than 17 tons per square inch, a 0-1 per cent. 
proof stress not less than 8 tons per square inch, and 
an elongation, measured on a gauge length of 8 in., 
not less than 10 per cent. These figures were con- 
sidered to be appropriate for present-day material of 
substantial scantlings manufactured by orthodox 
processes—but the specification does not preclude the 
use of other suitable alloys having different physical 
properties which may be developed. The chemical 
composition for both non heat-treatable and heat- 
treatable alloys, shown in Table I, is also specified. 





THE CLASSIFICATION SOCIETIES 


duction of suitable material on lines adapted from the 
long-established procedure for mild steel. 

Tests on details of aluminium-alloy construction 
have shown that these behave more or less as would be 
expected from a knowledge of the physical properties 
of the alloys. While the usual criteria used in deter- 
mining the strength of steel structures may be applied 
to light-alloy designs, a slightly greater deflection 
seems permissible with an alloy beam as compared 
with one of steel. The low Young’s Modulus of alu- 
minium alloy has an important effect on deflections 
and on the capacity of the material to resist compressive 
stresses which induce buckling, and attention must be 
paid to the stability of compression members in certain 
cases where that of steel members would not be in 
question. 

For these reasons, and because of the lower tensile 
strength of the material, the scantlings of a light-alloy 
structure are generally somewhat more substantial 
than those of the replaced steel ; the saving in weight 
is of the order of 50 per cent. It is therefore to be 
expected that, apart from the hull construction of 
small craft and yachts, aluminium alloy would be 
introduced in the topside structure of ships where 
the saving of weight is most profitable, in relation to 
the higher cost of the material, as well as for hatch 
beams and covers where portability is an asset. The 
non-magnetic qualities of aluminium are also useful 
for deckhouses in way of compasses. From the plans 
dealt with by Lloyd’s Register, it is evident that light 
alloys are being adopted more and more frequently 
for such parts. 

Aluminium alloys have a low melting point and, 
where exposed to fire, structural failure may occur. 
This characteristic has not proved of great importance 
for those parts which, up till the present, have been 
constructed of this material, but must receive attention 
when a more extensive use of these alloys becomes 
technically possible and economically justifiable. 

The working of aluminium alloy does not, in general, 
present special difficulties, though naturally more 
care has to be taken in handling than is necessary 
with such a familiar material as steel. A technique of 
construction is gradually being acquired; the prin- 
cipal problem encountered is that of joining plates and 
sections. For light scantling material cold-driven rivets 
may be used, but care must be taken to avoid excessive 
work-hardening of the rivet points. A good method 
of riveting is by steady hydraulic or pneumatic pres- 
sure; but successful results may be obtained by 
percussion riveting. The rivets should be spaced more 
closely than with steel; in general, an appropriate 
decrease in pitch is of the order of one rivet diameter. 
For countersinking, a special rose bit is advisable to 
avoid tearing the material. Aluminium, unlike steel, 
does not rust up, and therefore watertight or oiltight 
joints require particular treatment. A jointing com- 
pound is commonly used between the faying surfaces, 
a light caulk of the free edge providing an additional 
safeguard. The connection of thicker plates and 
sections still presents problems. The solution may lie 
in the use of hot-driven rivets, but until the n 
preliminary experimental work has been completed 
the use of alloys in substantial scantling must be 
impeded. Another solution may eventually be found 
in the adoption of welding, and the autogenous process, 
using a tungsten electrode with an arc shielded by 
inert gas, has interesting possibilities. It should be 
noted, however, that welding cannot be applied to 
the heat-treatable alloys without impairing their 
physical properties and that any welding process for 
shipyard work must be robust and readily adaptable. 

Summing up, it may be said that the aluminium 
alloys suitable and now available for marine use offer 
the advantages of reasonable strength, low weight, 
and, provided certain well-defined precautions are 
taken, great resistance to corrosion. On the other 
hand, compared with mild steel, their cost is heavy, 





TABLE I. 

Non Heat- | Heat- 

Element. Treatable | Treatable 
Alloys. Alloys. 

| 

| Percent. | Percent. 
Copper . .. not more than | 0-10 } 0-10 
Magnesium ‘ea ns | 5-50 1-50 
Tron id a és | 0-75 0-60 
Silicon ee és * 0-60 1-30 
Manganese . . - o 1-00 1-00 
Chromium Ae a 0-50 0-50 
0-10 0-03 


Zine hy sah - 


Production testing requirements are also laid down 
and at the same time a list of approved manufacturers 
has been instituted. Material for use in ships built 
to the Society’s class has therefore to be produced in 
works where the processes of manufacture and control, 
and the inspection systems have been approved, and 
is to be subjected to routine tests by the Surveyors. 
The foundations have therefore been laid for the pro- 








* Paper read at a “‘ Symposium on Aluminium Alloys 
for Marine Use,” organised by the Aluminium Develop- 
ment Association and held in London on Tuesday, April 5, 
1949. Abridged. 





printed in large type.. 


tion under load is high, and resistance to fire is 
low. Sound progress has been made in their manu- 
facture, and experience has been gained in methods of 
construction best suited to. their especial advantages 
as a shipbuilding material. Now that Lloyd’s Register 
has laid down tentative requirements for the testing 
and quality of the alloys and has instituted a list of 
approved works for their manufacture, future develop- 
ment in the use of light alloys for shipbuilding ew 
depends on the success of the aluminium industry in 
solving certain problems; the most pressing of these 
is the determination of a practical method of joining 
plates and sections of substantial thicknesses. 





TRANSMISSION BELTING.—Much useful information 
on drives with flat belts and V-belts is contained in 
a book entitled Dunlop Transmission Belting, copies 
of which will be supplied to approved inquirers on 
application to the Dunlop Rubber Company, Limited, 
Cambridge-street, Manchester. The text is accom- 





panied by numerous illustrations. 
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THE BRITISH INDUSTRIES FAIR AT 


BIRMINGHAM~—I. 











Tue British Industries Fair is to open on Monday, 
May 2, and will remain open until Friday, May 13. 
As usual, it is being held simultaneously at Olympia 
and Earl’s Court in London and at Castle Bromwich, 
near Birmingham, but the majority of exhibits 
of engineering interest will be found at the latter 
place. It is stated officially that the number of 
exhibitors at Castle Bromwich will be 1,161, or 40 
more than last year, while the space occupied 
will be over 413,000 sq. ft., compared with 400,000 
sq. ft. in 1948. The total stand space occupied at 
the three exhibitions is 962,000 sq. ft., while the 





number of exhibitors is over 3,200, both figures 
showing an advance on those for last year. The 
whole display, therefore should form an instructive 
illustration of what British industry is doing and 
can do ; and its variety should be an encouragement 
to overseas buyers to bring their manufacturing 
problems to Britain for solution. 

Any comment on the layout of the exhibits and 
on the trends in engineering design, which may. be 
illustrated by the equipment shown, must naturally 
be deferred until our re ves have been 
able to visit the Fair. It may be recalled, however, 
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REED Prentice Pressure Die-Castrine Macutne; Messrs. ALFRED HERBERT, 
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that its chief object is to enable both home and 
foreign buyers to select their requirements from 
competing designs, while, in turn, it gives manufac- 
turers an opportunity of increasing the sales of 

which are already well known. One result 
of this thoroughly sound commercial policy, how- 
ever, is that, generally speaking, novelty is not the 
main characteristic of the exhibits at the Fair, and 
it would appear that this year’s display will be no 
exception to the rule. On the other hand, there 
are some signs that manufacturers are realising the 
need for improvements and, in anticipation of a 
possible change in trading conditions, are using 
their past experience in the preparation of new 
designs. 

Turning to some of the exhibits of which we have 
obtained particulars, Messrs. Alfred Herbert, 
Limited, Coventry, will be showing a wide range 
of British-made machines and tools, including 
plastic-moulding machines, die-casting machines 
and equipment, small tools and measuring appli- 
ances, and an Atritor for grinding and drying 
coal, clay, chalk, limestone and other materials. 
Many of the exhibits have been described in previous 
issues of ENGINEERING, but three are compara- 
tively new—the Reed Prentice No. 14G cold- 
chamber die-casting machine, the Edgwick mould- 
temperature controller, and the Herbert electrically- 
operated three-jaw chuck. The Reed Prentice 
pressure die-casting machine, which is illustrated in 
Fig. 1, on this page, has been found to be reliable and 
efficient for the production of aluminium castings up 
to 3-5 lb. in weight, brass castings up to 7 Ib., and 
magnesium-alloy castings up to 2-3 Ib. The plunger 
can exert a force of 28,000 Ib., which, with a 
standard 2-in. diameter plunger, results in a pres- 
sure of 9,000 Ib. per square inch on the metal. 
The plunger, however, can be supplied in various 
sizes from 1} in. to 24 in. in diameter, corresponding 
to pressures from 16,000 Ib. per square inch to 
5,700 Ib. per square inch, respectively. Both the 
plunger and the pouring sleeve are of Nitralloy. 
The locking pressure between the two die plates is 
130 tons, which allows castings of large areas to be 
produced. The machine is driven by a 7}-h.p. 
motor running at 1,450 r.p.m., directly coupled to a 
Vickers vane-type hydraulic pump. The motor is 
suitable for 380 /420-volt three-phase 50-cycle alter- 
nating current. The electrical control gear is 
arranged so that the machine can be manually or 
semi-automatically controjied. For semi-automatic 
operation, the dies are closed by pressing a push- 
button on the lower control panel; the operator 
ladles in the metal and then depresses a foot switch 
which causes the plunger to move forward. The 
remainder of the cycle is automatic, being controlled 
by an adjustable electrical timing device. The 
plunger remains in its forward position unti] the 
dies open and travels a further 3} in. to eject the 
slug before returning. For manual operation, four 
push-buttons on the upper contro] panel are used : 
two for opening and closing the dies, and two for 
actuating the plunger. Electrical interlocking is 
provided to eliminate the danger of “ shooting ” the 
metal before the dies are securely closed. 

The hydraulic circuit incorporates a four-way 
valve to control the auxiliary core-pulling cylinders. 
Flexible tubes connect the valve to a three-way 
connection block which can be fitted to either 
the moving or fixed die-plate, and feeds two 4-in. 
and one 6-in. stroke core-pulling cylinders giving 
an opening pressure of 4,430 Jb: and a closing 
pressure of 2,030 Ib. The automatic operation of 
these cylinders is controlled by a switch on the main 
control panel. The principal dimensions of the 
machine, other than those already mentioned, are : 
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size of die-plates, 29 in. by 29 in. ; die movement, 
10 in. ; maximum die space, 18 in.; minimum die 
space, 6 in.; total plunger stroke, 11 in.; time 
required to close dies, 3 seconds; time per cycle, 
15 seconds ; and approximate net weight, 13,000 Ib. 

The Herbert electrically-operated three-jaw chuck 
is shown fitted to a Herbert No. 4 Senior capstan 
lathe in Fig. 2, on page 385. Electrically-operated 
chucks for gripping bars and valves have also been 
introduced. The new chucks are not intended to 
replace air-operated chucks, which have been in 
use since 1928, but to extend power chucking to 
jobs for which they are more suitable, or for use 
in workshops where a supply of compressed air 
is not available. The electrically-operated chuck 
requires no auxiliary equipment, and machines to 
which it is fitted can be readily moved when plant 
is being re-arranged. Another advantage is that 
the difficulty of maintaining the maximum grip 
on the work in an air chuck, due to the centrifugal 
force on the chuck jaws, has been overcome. Power 
is used only to open and close the jaws, the grip 
being maintained mechanically, and being un- 
affected by centrifugal force. A small motor 
drives, through reduction gearing, a screwed shaft 
engaging in a nut, which operates the chuck jaws 
through a tie-rod. The complete unit is carried by 
the lathe spindle and revolves with it, current 
being supplied to the motor through slip rings, 
which are efficiently protected. The chuck is 
otherwise similar to the Herbert air-operated 
chuck; the body is in one piece and provides an 
unbroken ring of metal outside the jaw carriers, 
thus preventing breakage and distortion. The three- 
jaw chuck is made in six sizes from 7} in. to 21 in. in 
diameter for use on Herbert lathes. For work 
which requires the machining of faces and holes in 
specified relationship, such as valves, the electri- 
cally-operated valve chuck has been introduced. 
It is of the two-jaw type, and is fitted with an 
indexing figure which is carried in a cradle and 
rotates in anti-friction bearings. This arrangement 
ensures positive work location, and rapid clamping 
which is not disturbed when indexing the fixture. 
The valve is held firmly on the cast body and can 
be indexed through 90 deg. or 180 deg. to ensure 
correct alignment between two, three or four 
branches of the valve. Each position is located by a 
spring plunger. 

The Edgwick mould-temperature controller, 
which will also be shown by Messrs, Alfred Herbert, 
Limited, has been designed for use with plastic- 
moulding machines to enable correct mould tem- 
peratures to be maintained. This is an important 
factor, since over- or under-curing results in struc- 
tural weakness and poor finish with compression 
moulding. Injection moulding at too high a tem- 
perature causes trapped gases to produce bubbles 
in the moulding, and may result in a complete 
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Fic. 4. Logry-Mountep CRANE WITH JIB Ex- 
TENDED; Messrs. THomas SmirH anv Sons 
(Ropiey), Lowrrep. 


breakdown of the material. A correct mould 
temperature is particularly important with poly- 
styrene, butyrate, nylon and P.V.C. It also helps 
to minimise sink and flow marks on thick sections 
in cellulose acetate. Oil, at a predetermined 
thermostatically-controlled temperature, is pumped 
through the moulds, thus maintaining the required 
mould temperature. The controller unit consists 
of a nine-gallon oil tank, a 2-kW immersion heater 
with adjustable thermostatic control, supplied with 
single-phase 50-cycle current at 220/246 volts, and 
og gear driven by a se "ad 380 /420- 

t phase 50-cyele supply. unit is 
housed in a steel cabinet, the top of which forms a 
tool tray. There are two oil outlets, one for each 
mould, with individual valves. There are also 
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Messrs. Taomas Smiry anv Sons (Ropiey), Lowrrep. 


controls for the pump, motor and heater, and visua 
indicator lamps are provided. The working temper- 
ature range is from 100 deg. F. to 200 deg. F. 

The most interesting exhibit on the stand of 
Messrs. Thomas Smith and Sons (Rodley), Limited, 
Rodley, Leeds, will be a lorry-mounted crane of 
the type illustrated in Figs. 3 and 4, on this page ; 
it has been designed mainly for use in building 
and constructional work. The crane comprises a 
modified excavator superstructure of the com- 
pletely rotating type, which is fitted to a six- or 
eight-wheeled heavy commercial-vehicle chassis. 
The crane illustrated is, in fact, fitted to an eight- 
wheeled chassis. The superstructure rotates on a 
ring of 12 tapered rollers and is held to the chassis 
by a central spigot ahd three hook rollers. The 
crane is provided with its own Diesel power unit 
and is independent, therefore, of the chassis engine. 
Hoisting and lowering of the loads are effected 
by the combined use of a toggle clutch, the engine 
hydraulic coupling and a foot-operated brake. 
The power for slewing is transmitted through 
plate-type friction clutches, which also serve for 
derricking the jib. The jib is made of tubular 
steel and is built in sections, so that it can be 
extended from 30 ft. to a maximum of 90 ft. ; 
Fig. 4 shows the crane with the 90-ft. extension. 

As previously mentioned, the chassis can be of 
the six- or eight-wheeled type, according to require- 
ments. The rear bogie has two driving axles and 
is fitted with twin tyres, which may be either of the 
high-pressure or low-pressure type. The frame is 
reinforced and embodies the crane turret and 
draw-beam housings. The draw beams are fitted 
with adjustable jacks for levelling on uneven ground 
and can be extended to 13-ft. centres, thereby 
providing adequate stability for heavy loads and 
high lifts. With the draw beams in position, the 
crane can lift 12 tons at a radius of 10 ft. when 
fitted with the. 30-ft. jib, 9 tons at a radius. of 
14 ft. with the 45-ft. jib, and 34 tons at a radius 
of 25 ft. with the jib extended to 90 ft. The crane 
is capable also of lifting 4 tons at a radius of 10 ft. 
with a 30-ft. jib, 24 tons at a radius of 15 ft. with 
a 45-ft. jib, and 1} tons at a radius of 17} ft. with 
the jib extended to 60 ft., without using the draw 
beams. The hoisting speed varies, of course, with 
type of tackle used, but with a two-part block the 
maximum hoisting speed is 68 ft. per minute and 
with a four-part block, 34 ft. per minute. The crane 
bas a wide range of duties and, in addition to 
straightforward lifting, can be fitted with the 
necessary equipment for shovelling, dragline work 
and pile-driving, to mention but a few. It is com- 
pletely mobile and is capable of travelling between 
locations at a speed of 20 miles per hour; for 
travelling, the crane is fitted with the 30-ft. jib 
arranged over the driver’s cab, as shown in Fig. 3 ; 
the clearance height in this condition is 13 ft. 6 in. 
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Frias. 5 to 8. 40 B.H.P. Dieser Locomortve; Mzssrs. Jonn FowLer anp CoMPANY 
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Fig. 6. 


Messrs. Marshall, Sons and Company, Limited, 
Gainsborough, and Messrs. John Fowler and 
Company (Leeds), Limited, Leeds, will be exhibiting 
jointly in the outdoor section of the Fair. Messrs. 
Marshall’s exhibits will be concerned mainly with 
their RD (series 2) Diesel road rollers, an illustrated 
description of which was given in ENGINEERING, 
vol. 166, page 485 (1948), while Messrs. Fowler will 
be showing, for the first time, a 40 brake horse-power 
Diesel locomotive designed for use on narrow- 
gauge railways. The new locomotive is shown 
with the covers removed in Figs. 5 and 6, on this 
page, while a sectional elevation and plan views are 
reproduced in Figs. 7 and 8, from which it will 
be seen that it is a four-wheeled machine of excep- 
tionally compact design. It is fitted with a 
single-cylinder two-stroke horizontal Diesel engine 
of the same type as that used in the Field-Marshall 
wheeled tractor manufactured by Messrs. Marshall, 
and in the Fowler Mark VF British Diesel crawler 
tractor. An illustrated description of the latter 
machine was given on page 102, ante. The cylinder 
has a bore and stroke of 6} in. and 9 in., respec- 
tively, and it develops its maximum power of 
40 brake horse-power at 750 r.p.m. The engine is 
valveless, the exhaust and induction taking place 
through ports uncovered at the end of the power 
stroke in the usual manner; the scavenge air is 
compressed in the crankcase during the power 
stroke. The piston and cylinder are iron castings 
while the connecting rod and crankshaft are 
machined from steel forgings, the crankshaft being 
supported at one end by a roller bearing and at the 
other by a ball bearing. The fuel pump and the 
fuel-injection valve are standard C.A.V. units, the 
amount of fuel injected being regulated throughout 
the speed range of the engine by a centrifugal 
governor. The engine bearings are supplied with 
oil under pressure from a multiple-plunger pump 
which is situated in the sump and driven through 
spur gears from the crankshaft. Thermo-syphon 
cooling is employed, and is assisted by a belt-driven 
fan. 

The engine crankshaft is extended through both 
sides of the crankcase, the axes of the crankshaft 
being at right angles to the longitudinal axis of the 
tractor. The drive is transmitted from the engine 
to the gearbox through a duplex roller chain, the 
primary sprocket being keyed. to the left-hand 
crankshaft extension; the chain is kept at the 
correct tension by an idler sprocket. The gearbox 
is of straightforward design and is arranged to give 
three speeds in either direction of travel ; like the 
engine, it is of the same type as that used in the 
Field-Marshall and Fowler Mark VF tractors.. The 
change-speed wheels have straight spur teeth and 
are fitted to short transverse steel shafts, two cone 
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clutches, with bonded asbestos linings, being 
provided to give forward and reverse directions of 
travel. Gear is exceptionally simple 
and involves the movement of a single hand: Jever 
only. The drive is transmitted/from the gearbox to 
each axle by duplex roller chains, the axles being 
located by adjustable radius rods. The final drive 
sprockets are fitted between each pair of wheels, thus 
enabling outside axleboxes to be used. These are 
fitted with renewable bearings and are held to the 
frame through laminated springs of the wagon type. 

The frame is of all-welded construction, being 
fabricated from rolled-steel plate, the top plate 
forming a bed for the engine and transmission 
assemblies. The spring buckles are fitted with 
renewable hardened-steel liners and are welded to 
the underside of the main-frame plates. The 
wheels, which are of the cast-steel disc type, are 
pressed on to the axles; due allowance has been 
made for wear and they have been designed so that, 
when necessary, they can be fitted with tyres. 
Cast-iron brake shoes are provided for all four 
wheels and the shoes are actuated simultaneously 
through a compensated linkage by a locomotive- 
pattern hand-screw braking gear. A single large- 
capacity sandbox is fitted and is arranged for 
sanding the wheels in either direction of travel. 
The cab, which is of the open type, is built from 
mild-steel plates to waist height, the canopy being 
supported on angle irons ; the locomotive illustrated 
in Figs. 5 and 6, however, is fitted with an enclosed- 
type cab. 

The locomotive is designed for gauges between 
1 ft. 11} in. and 3 ft. 6 in., inclusive. As will be 
seen from Figs. 7 and 8, it has an overall height of 
8 ft. 8 in. and an overall length of 10 ft. 1 in., while 
the width varies between 4 ft. 3 in. and 5 ft. 3 in. 
according to the gauge. The weight in working 
order is approximately 7 tons 5 cwt., so that, with 
moderately close sleeper spacing, the locomotive 
can be operated on 20-Ib. rails. The wheelbase is 
4 ft., which enables a curve having a radius of 40 ft. 
to be negotiated. An idea of the performance of the 
locomotive can be gained from the following figures, 
which have been estimated by the manufacturers. 
Assuming a track and rolling resistance of 20 Ib. per 
ton in first gear and 10 Ib. per ton in second and 
third gears, the locomotive can haul a load of 125 
tons in top gear on the level, 17 tons up a gradient 
of 1 in 50, and 6 tons up a gradient of 1 in 25. 
The corresponding figures for the engine working 
in first gear, are 190 tons on the level, 53 tons up a 
gradient of 1 in 50, and 28 tons up a gradient of 
1 in 26. 

The exhibits of the Bronx Engineering Company, 
Limited, Lye, Stourbridge, will include a press 
brake and a guillotine shear. The latter machine, 
a photograph of which is reproduced in Fig. 9, 
on this page, is of new design and is capable of cut- 
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ting an 4-in. mild-steel plate 8 ft.in width. The end 
frames, top beam, tie beam, bolster and gearbox 
cover are iron castings, the top beam being of 
triangular-box construction. The machine is;driven 
by a 7}-h.p. electric motor, the drive being trans- 
mitted to the first-motion shaft through a number of 
V-belts arranged side by side. The first-motion 
shaft is carried by ball and roller bearings and is 
fitted with a flywheel, while, integral with the shaft, 
is a single-helical pinion which drives the crankshaft 
through a train of helical gears. The dog clutch is 
provided with hardened-steel inserts on the wearing 
surface and the throw-out cam is designed so that 
the top beam is always safe when at rest. The 
crankshaft is machined from a high-tensile steel 
forging and is connected to the top cast-iron beam 
through cast-steel pitman arms. Four-sided rever- 
sible steel blades are fitted, the bottom blade 
being bolted to a heavy cast-iron adjustable bolster, 
and the machine is designed so that the alignment 
of the shear is not affected when the bottom blade 
is adjusted. The hold-down is of cast iron and is 
provided with wire-mesh guards in compliance with 
Home Office and Factory Act regulations. All 
gears, and the friction brake for the crankshaft, are 
enclosed, the latter being designed so that it can 
be adjusted without removing the covers. The 
standard equipment includes an adjustable rear 
gauge, together with front squaring arms and 
brackets. 

Several examples of their light-weight static, 
mobile and portable air-compressor sets will be 
shown on the stand of the Hymatic Engineering 
Company, Limited, Redditch, Worcestershire. The 
exhibits will include two new mobile compressor 
sets which will be on show for the first time, namely, 
the H.M.S. 11 model, which has a displacement of 
11 cub. ft. per minute and the H.M.S. 12 model, 
with a displacement of 13-6 cub. ft. per minute. 
Both are designed for a working pressure of 100 lb. 
per square inch, the former being driven at 1,440 
r.p.m. by an electric motor and the latter, which is 
illustrated in Fig. 10, on this page, by a petrol 
engine at 1,800 r.p.m. Each set is fitted with the 
same type of compressor; this is a twin-cylinder 
single-stage air-cooled unit driven directly from 
either the motor or the petrol engine through a 
resilient coupling. The crankcase, cylinders, and 
cylinder heads are light-alloy die-castings and the 
cylinders, which are provided with deep cooling 
fins, are fitted with spun cast-iron liners. The 
crankshaft is balanced and is supported by white- 
metal lined gunmetal bearings, while the big ends 
are fitted with roller bearings; in order to ensure 
correct alignment, the main bearings are broached. 
Pressure lubrication is employed and the oil sump, 
which is provided with a built-in filter, has a capa- 
of 24 pints. An air-inlet filter and silencer is 


the inlet valves, is of the relay-controlled type. As 
will be seen from the illustration, the air receiver 
acts as the frame of the unit and is provided with 
rubber-tyred wheels and wide-set handles; the 
wheels and handles, however, are easily detached 
for shipping purposes. The electrically-driven 
machine is fitted with a 2-h.p. motor wound to 
suit local requirements, while the engine-driven 
model is fitted with J.A.P. 4-h.p. air-cooled four- 
stroke unit provided with a mechanical governor 
and an impulse magneto to give easy starting. 
A one-gallon integral petrol tank is fitted, and the 
induction system is provided with an efficient air 
filter. Both sets have a length of 4 ft. 7 in. and a 
width of 1 ft. 11 in., while the height for the petrol- 
engine unit is 3 ft. 1} in., and for the electrically- 
driven model 2 ft. 8 in. The equipment for each 
set includes a rectifying and reducing valve, two 
low-pressure outlet valves for connecting to paint- 
spraying guns, or similar equipment, and a high- 
pressure outlet for use with pneumatic tools. The 
receiver can be used as an air reservoir for spray 
painting, powder dusting, etc., or as @ liquid tank 
for insecticide spraying. 

The 600-kW, 17-kV pumpless steel-bulb rectifier, 
which will be exhibited by the English Electric 
Company, Limited, Queen’s House, Kingsway, 
London, W.C.2, is illustrated in Fig. 11, on page 396. 
It is air-cooled and is of the type principally used for 
supplying high-voltage direct-current to high- -power 
radio broadcast transmitters. The main 
cylinder is fabricated from sheet steel and, as will be 
seen, the six main anode arms project from the side 
of the tank. The main anodes themselves are 
supported on stems, which are taken through porce- 
lain insulators. Two insulated grids are placed 
beneath each anode, the upper of which forms the 
control grid, while the lower is energised with a 
suitably phased sinusoidal voltage. Control-grid 
voltage impulses are superimposed on a steady 
negative bias of about 150 volts and the phasing 
of the grid impulse relative to the main anode supply 
is varied by means of a motor-operated potentio- 
meter in the direct-current pre-magnetising circuit 
of the impulse transformer. This simple arrange- 
ment enables the direct-current output voltage of 
the rectifier to be controlled from zero to 17 kV. 
Protection against fault conditions is afforded 
by a high-speed relay, which is actuated by the fault 
current in the primary of the rectifier transformer 
and applies a negative blocking potential to the 
rectifier control grids. This blocking potential 
remains on the grids for a predetermined time, 
which is sufficient to enable the fault arc to clear. 
During this time the control impulses are automatic- 
ally phased back to the condition for zero direct- 
current voltage output. The supply to the trans- 
mitter is then reinstated gradually by the automatic 
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until the rectifier is delivering its full direct-current 
output voltage. This gradual restoration of the 
direct-current voltage is designed to meet a condition 
imposed by radio transmitters and is not usually 

required in grid-controlled rectifiers for industrial 
applications at lower voltages ; otherwise, the grid- 
control equipment is similar to that used for lower 
voltage industrial grid controlled rectifiers. 

The ignition system employed in this rectifier is 
identical with that used in the company’s industrial 
patterns. It comprises a fixed ignitron anode, 
which is suspended above the mercury-pool cathode, 
and an annular iron plunger, which normally floate 
in a central tube that projects below the pool. 
When the solenoid, which surrounds this tube, is 

energised, the plunger is drawn down, so that the 
mercury below it is suddenly displaced, thus 
producing a jet which strikes the ignition electrode. 
In falling away, the mercury draws out an are, thus 
providing the ionisation necessary to cause the 
excitation anodes to fire. If for any reason the 
excitation are is not established the first time, the 
process is repeated with the assistance of a simple 
excitation relay. The rectifier is arranged for floor 
mounting ; the grid controls and those for ignition 
and excitation being housed in a separate cubicle, 
together with the high-speed arc-suppression relay 
and the automatic restoration apparatus. 

The English Electric Company will also show 
two examples of the switchgear they manufacture : 
an air-insulated metal-clad unit, incorporating an 
oil cireuit breaker and an air-break switch of a type 
used very largely for the control of power-station 
auxiliaries. The appearance of the’ former will be 
clean from Fig. 12, on page 396, which shows a unit 
incorporating a pillar in the centre with a ring 
main isolator on each side. The tank is cylin- 
drical and is made of rolled-steel plate which is 
reinforced with a mild-steel ring welded to the 
circumference near the top. The top plate is a 
silicon-aluminium alloy casting, which supports the 
terminal bushings and the contact actuating mecha- 
nism. The terminal bushings are of Bakelised 

per wound on hard copper stems, to the lower ends 
of which the fixed contact assemblies are attached. 
Cluster-type isolating contacts are fitted to the upper 
ends. The bushings themselves are fixed to the 
top plate by cast-brass flanges. The contacts are 
of the firm’s well-known De-ion grid type, and are 
actuated by a simple system of levers and links. 
This system is totally enclosed in the top plate, 
and is thus protected from dirt and moisture. 
Owing to the absence of lift rods, “‘ piston effect ” 
and stickfig are obviated. The moving contact 
push-off springs are enclosed in a tubular housing 
within the top plate. These housings also contain 
guides to register the vertical motion of the contact- 
lifting links ; buffers are fitted to absorb shocks. 
The carriage on which the circuit breaker is mounted, 
is fabricated from mild-steel plate and is fitted with 
wheels to facilitate handling. The circuit breaker 
is carried in a U-shaped cradle to the front of which 
the raising and lowering mechanism is attached. 
It is operated by hand through mechanism of the 
free-trip type, which is fitted with a making-current 
release to protect the operator when closing it 
against short-circuit or rising overload. 

The principal exhibit on the stand of Messrs. 
A. Reyrolle and Company, Limited, Hebburn-on- 
Tyne, will be the 2,500-MVA 132-kV 600-ampere 
small oil-volume circuit breaker which is illustrated 
in Fig. 13, on page 396. This will be shown in the 
form of an open-terminal outdoor unit, such as 
is suitable for use in major generating stations and 

ing stations. One of the phases has 
cut-away sections to show the linkages from the 
pneumatic piston through the operating shaft, 
which is common to the three phases and to the 
moving contact, as well as details of the arc-con- 
trolling turbulator and the single break. 

The circuit. breaker consists of three separate, 
but identical, single phase units, which, in practice, 
are generally mounted on concrete plinths of suffi- 
cient height to ensure ee ae 
clearance to earth is o Alternatively, the 
circuit breaker and its current transformers can be 
mounted at ground level and surrounded by an 
earthed metal screen. Each circuit-breaker unit | the 
consists of a supporting compartment ; a. circuit- 





breaking compartment and its porcelain shroud ; 
and the metal-top.cap and gas vent. The supporting 
compartment comprises an oil-filled metal base 
chamber, through which the inter-phase operating 
shaft passes to engage with an operating lever by 
means of serrated splines. This lever is connected 
to insulated links, which actuate the moving con- 
tacts. The supporting compartment also carries 
a porcelain insulator on which the circuit-breaking 
compartment is mounted and which provides the 
necessary clearance to earth. 

The : circuit-breaking compartment houses the 
upper and lower fixed contacts, the moving con- 
tacts, the turbulator and the Bakelised-paper 
enclosure, the w ole being porcelain shrouded and 
filled with oil, oil is used for extinguishing 
the arc and is physically separated from the insu- 
lating oil which fills the supporting compartment 
and the annular space between the upper shrouding 
porcelain and the outside of the Bakelised-paper 
enclosure. The carbonised oil from the circuit- 
breaking compartment is therefore prevented from 
mixing with and contaminating the oil in the 
supporting compartment. The upper and lower 
fixed contact fingers are in electrical contact with 
the top cap and the metal mounting between the 
two porcelains, respectively, and two of the upper 
fingers have extended copper-tungsten arcing tips. 
The moving-contact member, which consists of a 
metal tube slightly smaller in diameter than the 
throat at the entrance to the are-control device, is 
also fitted with a removable copper-tungsten arcing 
tip and engages with the upper fixed contact in the 
head of the turbulator when the circuit breaker is 
closed. The moving-contact tube contains a fixed 
piston, so that as it moves downwards on breaking 
circuit the column of oil inside it is injected into 
the turbulator. This ensures that the pressure 
generated inside the latter has little effect on the 
acceleration of the contact; the opening speed 
is therefore uniform at all currents. In addition, 
by passing oil into the turbulator the amount of 
cavitation can be controlled as the moving contact 
is withdrawn and the efficiency of arc extinction is 
thereby increased. The lower fixed contact is 
formed. of a sleeve through which the moving 
contact slides and with which it maintains per- 
manent contact. 

The operating mechanism consists essentially of 
a tripping spring, which is automatically charged 
by the same pneumatic cylinder and piston as is 
used for closing the circuit breaker. spring is 
actually tripped by a high-speed 5 eRe. 
operated latch, while air is admitted to the closing 
cylinder from a local air receiver through a solenoid- 
operated valve. This receiver is mounted inside 
the mechanism cubicle and contains enough com- 
pressed air for two closing operations. The piston 
and cylinder are made of materials which eliminate 
the possibility of electrochemical action, and are 
accurately machined to give positive clearances ; 
lubrication during operation is, therefore, unneces- 
sary. The operating mechanism is housed in a 
weatherproof welded steel cubicle, which is mounted 
so that it can be conveniently cow to the self- 
aligning inter-phase operating 8 of the circuit 
breaker. This cubicle also contains the trip and 
closing coils, as well as the auxiliary switches, and 
is provided with a heater so as to prevent condensa- 
tion of moisture on the internal parts. The contacts 
of the auxiliary switches, which are provided for 
control, interlocking and indication, are easily 
accessible. 

Other equipment which will be shown on this 
stand includés a 250-MVA 11-kV_ 1,200-ampere 
citcuit-breaker panel, which is typical of the firm’s 
horizontal draw-out metal-clad switchgear; two 
flameproof mining switch panels, which are repre- 
sentative of a range with current ratings from 
200 amperes to 800 amperes at voltages from 440 
volts to 6-6 kV and rupturing eapacities from 
5 MVA to 75 MVA; and a six-circuit board earry- 
ing air-insulated medium-voltage switch-and-fuse 
distribution gear . 


i a large part of the Castle Bromwich stand of 
. General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, will be. oceupied 





by examples of heavy-duty madhinery of this type. 
This is particularly suitable for use in oilfields, 
refineries, tankers, chemical plants, collieries and 
similar locations. Of these exhibits mention ma 
be made of the portable mining substation, whic 
is illustrated in Fig. 14, on page 396. This com- 
prises a transformer with flameproof high-tension 
isolators, a low-tension circuit: breaker and cable 
boxes of the “flit” type. It has very low overall 
dimensions, so as to facilitate transport under- 
ground, and is designed not only to withstand 
rough usage but also to comply with all the current 
mining regulations. The new draft regulations, in 
particular, so far as these relate to the exposure of 
live metal to the atmosphere and to the total oil 
quantity, which is below 50 gallons in sizes up to 
200 kVA, have also been taken into account. The 
standard substations are manufactured with ratings 
from 50 to 250 kVA at a primary voltage of 3,300 
and a secondary voltage of 550. Other substations 
at the same ratings can be provided for a primary 
voltage of 6,600 and secondary voltages up to 660 
with slight variations in the dimensions. 

The transformer is of the oil-immersed naturally- 
cooled type and is enclosed in a welded-steel tank 
with external tubes for cooling . In order 
to reduce its overall height, the core has five limbs, 
the three inner of which are wound, while the other 
two provide additional paths for the flux. The 
high-tension windings are provided with + 24 per 
cent. and + 5 per cent. tappings, while the neutral 
point of the low-tension windings is brought out 
to an external earthing link on the side of the tank. 
By disconnecting -this link, insulation tests can 
be carried out without opening the transformer 
chamber. Earth-leakage protection is effected by 
connecting a current transformer between the 
neutral point of the low-tension winding and. the 
external link. The high-tension switchgear con- 
sists of a three-phase air-insulated quick-break 
isolator with an earth position, which is enclosed 
in a flameproof welded-steel chamber. On the 
top of this chamber is a flameproof cable box 
to prevent gases from passing into the tank. The 
moving contacts of the isolator are of cast copper 
and are clamped to a Bakelised steel 
bar which, in turn, is coupled to. the operating 
mechanism. The contacts themselves are connected 
to the high-tension windings by flexible cables 
through porcelain terminal bushings. The fixed 
contacts are of the line contactor controller pattern, 
and are supported on porcelain insulators, while 
the earthing contacts are of the knife-switch type. 
The isolator is manually operated, and the handle 
used for this purpose can be locked in the earthed 

The low-tension side of the transformer is con- 
trolled by a three-phase flameproof circuit breaker 
of the non-drawout pattern, which is completely 
sealed from the transformer. It is fitted with two 
series overload releases with time lags, a leakage 
trip and an under-voltage trip. The leakage trip 
is arranged so that it cannot be re-set by an unautho- 
rised person. The moving contacts consist of 
high-conductivity bars, the ends of which are of 
wedge section, while the fixed contacts are of the 
line contact controller pattern and are arranged in 
pairs. The cireuit breaker is manually operated 
by the same handle as. that used for the high-tension 
isolator through mechanism which is enclosed in a 
flameproof air-insulated chamber integral with the 
top plate. A voltmeter and ammeter are housed in a 
hood above the chamber and are visible through an 
armour-plate glass window, which is clamped and 
cemented in position. 

In addition to lifting shackles, the. substation is 
provided with lugs at each end for haulage 
Thuy Gingnd: wheels con bo teenie te ens On 1a, 
and the wheels can be supported in ‘two different 
positions to give rail clearances of } in. or 2} in. 
Wheel brackets are fitted to take the axles and 6 in., 
8 in. or 10 in. wheels. 

Another exhibit to be seen on this stand will be 
the flameproof reverser illustrated in Fig. 15, on 
page 396. This has been designed for controlling 
the stator circuits of alternating-current slip-ring 
motors of capacities up to 500 h.p. when 
on.services such as colliery haulage, which in 


frequent starting, stopping and reversing. a 
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sists essentially of easily renewable fixed and 
moving contacts which close with a combined 
rolling and sliding action which is self-cleaning. 
The fixed contacts, which are adjustable, are 
mounted on flameproof bushed porcelain insula- 
tors under an. ample head of oil, so that flash- 
overs are avoided. The moving contacts are of 
the contactor pattern and give two breaks per phase. 
The reverser is operated by forward and reverse 
magnets, which are mechanically interlocked so that 
one can be closed only when the other is open. 
The iron circuits of these magnets are of high-grade 
steel and the operating coils are rated for continuous 
operation. The coils are energised from a flame- 
proof transformer which supplies current at 110 volts 
through a master controller. The drum of this 
controller is mounted on a Bakelised-manilla insu- 
lated shaft, which can be withdrawn without dis- 
turbing the other parts. The contact segments can 
be withdrawn easily. The drum is connected to 
the operating shaft through a toothed quadrant and 
pinion which are enclosed in a flameproof chamber. 
The operating shaft is fitted with a fork lever, 
so that it can be connected to the gate lever on 
the control . The reverser has been tested 
at the General Electric high-power testing labora- 
tory to make and break 1,200 amperes at 3,300 volts, 
i.e., @ total of 7-3 MVA on the three phases. 
(To be continued.) 





THE RECONSTRUCTION OF THE 
BRITISH MINING INDUSTRY.* 


By Sm Cartes C. Retp and Dr. Witiam Rem. 
(Concluded from page 366.) 
Ir would be wrong to assume that efficiency can be 


increased to the desired standard by the methods |? 


already outlined alone. The efficiency of the labour 
force itself is a very important factor, and it must 
be agreed that, in the country as a whole, there is a 
considerable proportion of the men whose daily effort is 
hardly in keeping with that of their fellows in some 
, this being particularly true of coal-face 
workers who are ye ores aery Manpower can also 
gain in efficiency in itself through training and education 
to which the Board are giving close attention. Where 
training, i y face training, is pro ly given 
with a view to quantity as well as quality of workman- 
ship, it should undoubtedly increase the ability of the 
adult worker to play his full part in the production 
drive. 

Work at the coal-face is usually paid by some form 
of piece rate related to effort, but tasks undertaken in 
similar conditions up and down the country vary 
enormously, and a more scientific basis is required 
for ining what, in fact, is a fair day’s work, 
fair both to the workmen and the nation, in varying 
conditions. sae Saas poe, oes & Cow Se Sane 
underground travelling to reduce to a minimum t 
time taken to proceed to and from the working place. 
The Board must also provide adequate working 
Ne ee ee 
coal-face machinery and skilled supervision. 

The efficiency of the labour force can also be improved 
by better attendance at work, and we suggest that 
attendance percen’ rather than absenteeism should 
be stressed. With a national policy of full employment 
there is an added responsibility on labour to appreciate 
its obligations as opposed to its rights, but it will take 
time to make it generally: understood that 
attendance at work is an essential part of a full employ- 
ment policy. In past years, the coalfields were 
frequently the centre of national wages disputes, due, 
in the main, to the fact that with its alternating periods 
of prosperity and depression the mining industry 
suffered the first impact of any depression, and acted 
as a business barometer. ese di created 
suspicion and distrust of both owners and management 
in the minds of the labour force, which was difficult to 
eradicate. The National Coal Board have gone a very 
long way in an endeavour to show their sincere desire 
to raise the status of the miner, and to gain the confi- 
dence of leaders and rank and file, but it can hardly 
be said that beh eawerbon, Ay. nemo A new 
loyalty to the industry to the indivi colliery, 
diatler to that existing in certains paste of tie coalela, 


a ee a 
Much has me to improve manpower efficiency 
from the welfare aspect. A large-scale programme 


is under way to provide pithead baths and canteens at 


The second Cadman Memorial Lecture, delivered to 
Royal Society of Arts at & medting held ii London 





collieries still. unequi and medical treatment 
centres at the larger collieries. H too, has had 
ial consideration. The health and well-being of 
miner are receiving the close attention of the 


RAILWAY MECHANICAL- 
ENGINEERING PROGRESS. 


In addition to giving brief particulars of important 


scientific department and the medical branch, and 
considerable research work is in progress which, in 
time, will bear fruit. There is, however, another side 
to welfare work, which is more important to the 
individual miner; this is the development of good 
relations and human understanding in daily contacts 
between colliery officials and the men. It is an essential 
part of good leadership which can make a substantial 
— to the improvement of manpower 
ciency. 
In each of the five aspects examined, there is a 
considerable field for manpower economy. It cannot 
be estimated with any accuracy to what extent each 
will contribute to the first target of 30 cwt. per 
manshift, but we may expect manpower economies 
approximately as follows : 




















Third 
‘ x 1,965 Man- | Sa in 
per | 1,000 thas. 1,000 to 
1,000 tons. 

At the face .. * 345 267 78 
ground 345 239 106 
On the as 226 161 65 
916 | 667 249 





The economy of at least 78 manshifts per 1,000 tons 
at the face must be achieved if the target of 30 cwt. 
per manshift is to be attained. The average output 
per manshift in the third quarter of 1948 was 21-8 cwt., 
a figure somewhat lower than for the whole year, and 
the cost was 30s. 3d. per ton, giving an average 
wage of about 33s. 2d. The re-allocation of manpower 
required to achieve 30 cwt. per manshift, assuming 
t wage levels, would result in an automatic 
increase in average wage due to higher piece-work earn- 
ings. It might be assumed that the average wage 
would be of the order of 35s. per shift, which, at 30 cwt. 
per manshift, would give a wages cost of 22s. 8d. per ton, 
a saving of only 7s. per ton. 
The actual cost of mining stores follows the selling 
price of coal very closely. Therefore, if the reduction 
in cost of production achieved by the increase in output 
per manshift is applied to reduce the selling price, the 
cost of roof supports, general stores and repairs ma 
fall proportionately as a result, but these may be still 
further varied in cost per ton for other reasons, and a 
saving in this cost item of about 9d. per ton might 
cost per ton of coal and power consumed 
should be reduced by more economical use of inbrought 
power and by more efficient production and use of 
of 6d. per ton is suggested. 
The fourth and last main item of cost, known as 


prices for equipment, this 
e i may be of the order of 300,000,000/., or 
more, in the 15 years to 1965. Altogether, we estimate 
that an increase of labour efficiency to 30 cwt. per 
manshift from the present level of about 22 cwt. per 
ree ie oe agin: nv dbo 
uction of about 5s. per ton with the t 
wages, a figure much loos them the spuutdl pobliosaguate 
in the next few years. 
In view of the very large capital expenditure which 
faces the Coal Board in the next 15 years, such a 
relatively small reduction in the cost of production 
compared with the increase in selling price of the past 
ree! plese «ae te Arche , nares It may be 
id that the suggested output per manshift of 30 cwt. 
is i ic; nevertheless, every effort should be 
made to achieve it before 1965 as a first step to greater 
coal productivity. We are both confident that, 
although the task of reconstructing the,British mining 
industry is an immense one, it can be done successfully, 
ee ee ae cee ee ee cease 
industry have the vision and spirit of adventure 
necessary to meét the stern days that lie ahead. 





DIFFERENTIAL ELEcrRiciry TAaRIFFs.—The North- 
Western Electricity Consultative Council, 53, Spring- 
gardens, Manchester, 2, have come to the conclusion that, 
in view of the numerous cases of hardship shown by 
investigation to be due to the operation of the Clow 
differential charges, the experiment should not be 
repeated next winter. A copy of the resolution embody- 
ing this opinion has been forwarded to the North Western 
Electricity Board for submiission through the British 
Electricity Authority to the Ministry of Fuel and Power. 


locomotives, carriages and wagons built in varioys 
of the world for approximately the year ended 
ovember, 1948, the annual report of a committee of 
the American Society of Mechanical Engineers reviews 
the trends in locomotive-building practice, particularly 
in the United States and Canada. The report appears 
in the April issue of Mechanical Engineering published 
by the Society, from which the following iculars 
have been obtained. The most important r con- 
tinues to be the adoption of the Diesel-electric loco. 
motive by United States railroads. The tance of 
this policy has been so complete “ that one of the long. 
established domestic manufacturers of steam loco. 
motives announced the abandonment of manufacture 
of this type of locomotive in its United States plant.” 
An increasing number of railroads have announced 
sage for the complete adoption of Diesel locomotives 
or all services or for important divisions of their lines. 
Some of the smaller railroads have reached this 
goal. During the year, a new builder of Diesel-electric 
locomotives entered this branch of industry. 

The Canadian lines have commenced to use Diesel- 
electric locomotives, but because the fuel situation, in 
regard to supply and price, differs from that in the 
United States, they are proceeding more slowly. 
Manufacture of complete Diesel-electric “‘ switchers ” 
in Canada has been started, and the first wholly Cana- 
dian-built switchers of t which are stan in the 
United States were delivered to Canadian railroads 
during the . While few new designs appeared, 
Bleddestele lockantive production has ect stan- 
dardised to the extent of quantity production of 
“ frozen” basic designs which have been accepted by 
the railroads as practical, well-proved motive-power 
units. The success attained by the relatively low- 
powered single operating unit, operated in combinations 
of one to four cabs, with consequent high weight on 
the driving wheels for the complete locomotive, has 
i any wide-spread development of high- 
powered single-cab locomotives. The characteristics 
of electric drive, namely, high initial tractive effort and 
full power utilisation over a broad range, play an 
important part in the successful application of Diesel- 
electric locomotives to a wide variety of services. 
Although conventional steam locomotives take second 
place in current orders, several orders were placed by 
domestic railroads during the year. On September 1, 
1948, there were 1,510 Diesel-electric locomotives and 
116 steam locomotives on order for the class-1 rail- 
roads of the United States. For some freight traffic, 
where locomotive utilisation is low, the higher initial 
cost of the Diesel-electric locomotive cannot be justified 
when com with the economy of full steam power. 
The so-called “ coal ” railroads continue to acquire and. 
to use new steam power with considerable success. 

Railway electrification continues in many pone of 
the world, particularly South America and South 
Africa. Extensive electrification programmes are under 
consideration in some Asiatic countries, notably India 
and Siam, in conjunction with the development of 
natural resources for the production of electric power. 
It is reported, although without details, that extensive 
electrification of some lines in the U.S.S.R. is being 
undertaken. 


Considerable apprehension has been ¢ in 
some circles as to the assurance of future o! ee " 
and as these are not unlimited and the uses for oil are 


increasing, interest in coal-using forms of motive power 
has quickened. Efforts to use the steam turbine, 
incipally in coal-burning engines, are still being made 
in the United States, Development work aimed at the 
utilisation of the gas turbine in coal-burning and oil- 
burning forms continues at a moderate rate, but no 
new locomotives of this type have been placed in traffic 
during the past year, either in the United States or 
abroad. The report refers to the conversion of steam 
locomotives to oil burning on British Railways for the 
purpose of conserving coal, “ despite the existence of 
domestic coal and the necessity of importing the 
fuel oil.” ng way note, however, that at about the 
time the A.S.M.E. report was pre , those loco- 
motives which had been cad A oe withdrawn 
— — owing to difficulties in the supply of 
oil. 





THE CANADIAN ELECTRICAL MARKET.—A booklet 
entitled “‘Canada, Her Electrical Developments and 
Market Potentialities *”’ has been produced by the British 
Electrical and Allied Manufacturers’ Association, 36, 
Kingsway, London, W.C.2. This has been written by 
Mr. D. Maxwell Buist, the Export Director of the Asso- 
ciation, who was a member of the United Kingdom 
Engineering Mission to the Dominion last year. It gives 
an excellent survey of the potential market for British 
electrical machinery and apparatus and for’ that reason 
alone is well worth study. : 








on’ Wednesday, March 16, 1949. Abridged. 
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THE ECONOMICS OF ALUMINIUM- 
ALLOY SUPERSTRUCTURES.* 


By W. Sraxtzey Huixpz. 


Tue shipowner’s interest in light alloys in ship | alloy 


construction is determined by the extent to which its 
introduction will make a vessel trade more profitable. 
Will it enable the economic effici of the ship to be 
raised ? Perhaps I should say “‘ the commercial-cum- 
technical efficiency,” and—a point I would emphasise 
in speaking of a ship’s efficiency from the "s 
point of oe cost is an im factor. 
From discussions I have had with Aluminium 
Development Association, it can be shown that a cargo 
ship with the entire ae above the lines of 
the main deck, — At alloy enables a nap 
improvement to le (at any rate on paper) 

the earning ability of the vnd—t virtue of the 
extra capacity or by improved stability, which 
permits of lesser beam which, in turn, allows of a speedier 
ship at the same horse-power or the same speed with a 
reduction in fuel consumption, or by a combination 
of all three. It is obvious that to a ship of the open- 
shelter-deck type the advantages must be much 
greater than to a single-deck vessel. 

The light alloy used must be easy to maintain in 
good condition. It must be capable of being 
if damaged, and such repairs must be possible in any 
part of the world to which the ship Lav trade; this 
calls for the availability of new material at the point 
of repair. Adequacy in service would alse include 
the ability of the material to withstand extreme 
changes off temperature—ships sometimes pass quickly 
from areas of extreme cold to areas of extreme heat— 
and condensation or sweating must not be so excessive 
as to damage cargo. 

It may be of interest to stress that the trend in cargo 
ship design in the years preceding the war of 1939-45 
was towards increasing cubic capacity, and the number 
of open-shelter-deck vessels built far outnumbered 
those with single decks. The reason was, of course, 
that the good cubic vessel was often more attractive 
to charterers than the single-deck t Moreover, 
while the open-shelter-deck shi id, if desired, 
lift a deadweight cargo, a single-decker could not 
accommodate a lightweight cargo and be loaded to her 
marks. It is my view that this designing for maximum 
cubic capacity will persist, and the more of it that can 
be incorporated in a ship, the better the ship will be 
from a profit-earning point of view. Another matter 
to be borne in mind is the desire to arrange accommo- 
dation for all nnel above deck—discarding the old 
policy of berths in "tween decks. But, of course, all 
this is increasing top-hamper and i 
stability. 

As a tramp shipowner, I would not wish to presume 
to discuss the pros and cons of light alloy in liner 
construction, but it must be — pon By e ome 
type of liner, particularly, is beset with problems of top- 
pe and that the availability of a suitable material 
lighter than steel would provide a solution. 

Reverting to ne Poe design, I would remind you 
that increased stability due to a lighter superstructure 
has its effect on choice of machinery. I have always 
associated in my mind light-alloy superstructures and 
a lightweight Diesel engine, but we must not presume 
that the steam engine is by any means at the end of its 
career. In 1939 I was concerned with the building 
of the first steamer in this country to have boilers 
above the engines. It was entirely successful, and if 
you envisage an eventual new basis of machinery-space 
measurement for tonn: deduction, the result will 
be for machinery and boiler rooms to be smaller, leaving 
more room for For steam machinery, whether 
with oil-fired Scotch or water-tube boilers, the economic 
location, from the space-saving point of view, is over 
the engines. But this is again detracting from stability, 
and one could look for an offset by introducing a light- 
weight superstructure. 

Whereas for the moment a major deterrent to the 
extensive use of light alloy a to me to be the high 
cost of the material, I would encourage the sponsors of 
light alloy with the thought that on a long-term view 
the only avenue to permanent success in overseas ship 
operation is by the progressive raising of the competitive 
eficieney of the instrument of this business—the ship ; 
and it seems to me that aluminium alloys have a great 
contribution to make in this direction. I am informed 
that as far as manufacture, design and fashioning is 
concerned, the aluminium industry could even to-day 
undertake to build the cture of a cargo ship 
up to 350 ft. in length, including hull plates above the 
main deck line, the shelter deck, hatch coamings, 


warks, raised forecastles, poop house, bridge house, 





* Paper, entitled “Thoughts on the Economics of 
Aluminium-Alloy Supérstructures,” read at a “‘ Sym- 
posfum on Aluminfuri Alloys for Marine Use,” organised 
by thé Aluminfum Development Association and held in 
London on Tuesday, April 5, 1949. Abridged. : 





engine casing, funnel, masts, derricks, lifeboats and 
davits, and the various deck fittings such as steam pipe 
guards, etc., as well, of course, as internal fariahig 
of officers’ and crew’s accommodation. I understan 

also that centre line divisions and bulkheads in light 


8 sa tn lightweight engine would carry 
uch @ ith a ight 
10 per cent. more than an all-steel ship of the 


same dimensions. This is a tremendous ‘orward, 


and ha said this, one yo goth well a a 
proceed the building a ? ‘or- 
tunately, ship berths are rSoeey. 44 of shi 


eS Oe: See 6 ee 
ae ciat Cintadls aipvocm eottag ue ign of the 
most ic shipowner seeing no sign cf the 
fall im earning ability, asks himeclf why he should 
pioneer with a light-alloy superstructure ship, and 
take the risk which pioneering inevitably involves, so 
long as an ordinary steel ship can be operated profitably. 
it i ble there is not either 


one or two matters of 


gating ; but to im the wooden hatch board 
E act at diity as Ui coved. Aacthir bughier 60 the 
cargo shipowner is the grain fittings—both the feeders 
and the shifting boards. I have always conjured up 
in my mind’s eye the idea of sectional feeders in some 
light metal which could be worked in and out of position 
on hinges. As far as shifting boards are concerned, ever 
since the introduction of permanent centre-line grain 
divisions or bulkheads, it has seemed to me that the 
obvious next step was that of sliding sections to provide 
the grain division below the hatchways. When not in 
use, these would slide back and stow themselves agai 
the centre line divisions. Obviously, such sliding 
sections must be strong yet light in weight, so that 
aluminium alloy s itself immediately. Another 
application where aluminium alloy would seem to be 
suitable is limber boards, i.e., bilge coverings and 
— 

I sh like to leave Nag pe er thought, and 
it concerns the desirability of devising a ship which is 
equally suitable for use as a cargo liner and as a tramp. 
In a cargo liner the call is for between decks to facilitate 
the stowage of what is known as l traffic, and in 


from | the tramp the main requirement is for clear holds for 


the of homogeneous cargoes, amy 
grain in For this last-named type of cargo, the 
tramp ship must be fitted with shifting boards—that 
is to say, a substantial longitudi bulkhead’ which 
would not Pe cargoes ship is have the of 
flowing, to shift when the ship is in a seaway. Speaking 
, & longi Sahesh tno hacinaitel woollen 
*tween deck if it were in a horizontal position. 
If, therefore, it were possible to arrange the internal 
design of a ship’s holds so that a ‘tween deck could be 
as a vertical division to prevent the shifting of 
and vice versa, one has gone a way towards 
designing a ship which is equally suitable for use as a 
cargo liner or tramp. Obviously, such a movable 
structure must be strong, but if it can also be light 
in weight the handling of it, of course, would be greatly 
facilitated. 

In conclusion, may I say that as I see it, the immediate 
task for the aluminium industry is to prove to the 
shipping world that the material is entirely suitable for 
use in ships so far as maintenance and standing up to 
the job in service is concerned. The other problem is 
that of first cost, which must be at a level to give a 
definite advantage over steel and follow any ultimate 
trend downwards in shipbuilding costs. In this connec- 
tion—as far as ships are concerned—it must be 
realised that the value of a ship once it is in commission 
is related not to what it has cost or what it would cost 
to build a similar ship, but to the level of freight rates. 

Overseas i is an international business, and 
the cargo ship of British or any other nationality must 
be prepared to face world competition. No cargo 
shi believes that freight rates can go much 
higher ; few believe they can maintain themselves for 
long at present levels ; most are convinced that history 
will repeat itself and that a depression is to be expected. 
In ‘the past such setbacks have been overcome by 
im design, and have indeed compelled the 


bul- | improvement of design. I venture to predict that one 


of the certain things of the future is that cargo shi 
must cost less to build and be of considerably idle: 
economic efficiency. Light alloy has a big part to 
play in future shipbuilding if the aluminium industry 
insists on demonstrating in time that the shipowner 
can be confident the m is entirely suitable on all 
counts. 





NUCLEAR REACTORS FOR 
POWER SUPPLY. 


A .ecrurr on “Nuclear Reactors as a Possible 
Power Source ” was delivered by Mr. G. C. J. Dalton 
before the Association of Supervising Electrical Engi- 
neers on Tuesday, April 12. He said that since 1905, 
when Einstein had stated that mass and energy were 
equivalent, the conservation of mass-energy had 
replaced the older hypotheses of the conservation of 
energy and the conservation of mass. The amount of 
energy E equivalent to a mass m was mc*, where c 
is the velocity of light. This relationship showed 
that a grain of matter, if converted completely to 
energy, represented 25 million kWh of energy. Alter- 
natively, to produce this energy would require the 
consumption of 3,000 tons of coal. Complete anni- 
hilation of the major particles of the nucleus, protons 
and neutrons, had not yet been achieved, however, 
and the energy so far available was limited to the 
“ binding ,” or mass defect. For instance, 
although in the fission of the uranium 235 nucleus 
the number of neutrons and protons was exactly the 
same before and after, the sum of the disin 
parts was less than that of the original nucleus. This 
mass defect had been converted into energy, which 
was represented by the kinetic energy of the fission 

ts. 


ust as in chemical actions, where in some cases 
energy was released by the combination of two sub- 
stances and in others by disintegration into simpler 
substances, so in nuclear reactions there were two broad 
groups of elements: those which gave excess energy 
when combined and those which gave excess energy 
when disintegrated. In both cases, the sum total of mass 
and energy remained the same. An example of the first 
case occurred in the sun, where hydrogen, after going 
through a number of reactions, was converted into 
helium. An example of the second was the fission of 
uranium. When a neutron entered the nucleus of 
uranium 235 it might cause yeep, on resulting in a 
release of energy of 200 million-electron volts. This 
might be compared with the energy of combination of 
one atom of carbon with two of oxygen, which was 
4-1 electron volts. 

The ratio of neutrons to protons increased with the 
number of protons in the nucleus. Then when a heavy 
atom disintegrated into two lighter atoms, the latter 
had more neutrons than were required for stability. 
Some of these excess neutrons were ejected, while others 
decayed into protons by electron emission. There wag 
thus a possibility of a chain reaction, for the neutron 
which caused the original fission had been replaced by a 
new neutron which, if not lost from the system, might 
cause further fission. When the production of a chain 
reaction first appeared possible, the only fissile material 
available was natural uranium consisting of one part 
of uranium 235 to 139 parts of uranium 238, only the 
former being markedly fissile. In a system of this 
material only, the non-fission capture of neutrons by 
the uranium 238 was excessive and a chain reaction 
was impossible. 

This problem had been tackled in two ways. The 
first was to separate the fissile uranium 235 from the 
strongly capturing uranium 238. This was done by 
means of diffusion plants and electromagnetic separa- 
tion units. The first bomb of uranium 235 that 
this was one solution of the problem. @ second 
approach, which led to the now well-known graphite 
“* piles,” involved the reduction of the energy of the 
neutrons to a level at which the probability of the 
fission of uranium 235 was greater than the probability 
of capture by uranium 238. This was achieved at 
“thermal” energies at which the neutrons had an 
average energy of 1/40 electron volt. The reduction 
of neutron energies was brought about by collisions with 
atoms of a “moderator” of deuterium, oxygen, 
graphite or beryllium. 

In a graphite pile, moderation was not quite sufficient 
in itself to permit a chain reaction, since the neutrons, 
in passing from “ fast’ to “thermal” reactions, 
passed through an energy level at which uranium 238 
had a resonance for capture. To overcome this, the 
uranium was “‘ lumped ”’ in the form of rods in a back- 
ground of graphite. In this way, the probability that 
the neutrons created in a rod would return, or reach 
another rod, before reaching thermal energies was much 
reduced. Thus a chain-reacting lattice pile of natural 
uranium and graphite became possible. To make a 
chain-reacting system with natural uranium, however, 
placed severe restrictions on the materials used in the 
core and the employment of “ enriched ”’ fissile material, 
i.e., material containing a higher proportion of the 
fissile element, say, uranium 235, therefore allowed 
much wider scope in the design of nuclear reactors. 
This highly enriched material could be used without 
@ mioderator, so that the mean neutron energy was not 
greatly lower than that of fission. Such reactors were 
called “ fast’ reactors. Relatively small amounts of 





‘to a range above “ thermal,” but below “ fast.”’ 
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might be called an intermediate reactor. Enough 
moderator might be used to reduce the neutrons to 
thermal energy, giving what might be called a “‘ thermal 
enriched reactor.” The fuel material might be 
“‘ lumped ” (heterogeneous reactor) or mixed uniformly 
with the moderator (homogeneous reactor). 

In thermal enriched reactors the choice of materials 
was still somewhat restricted, although small quantities 
of metals such as iron or copper could be tolerated. 
In fast and intermediate reactors resonance capture 
was improbable Front wide one of materials was 
available; in partic iron, nickel, co and tung- 
sten for structural materials and ae al wang 
potassium, lead and bismuth for coolants. Liquid 
metals were very much more efficient than gases as 
coolants. Light elements must not be used to any large 
extent in these reactors as they would “‘ moderate ”’ the 
neutron spectrum. The fuel might be solid in the form 
of metal, pure or diluted with other metals ; metallic or 
ionic compounds ; or liquid in the form of low melting- 
pend alloys or slurries of insoluble compounds in 
iquid metals. The coolant might be a gas or liquid 
metal separated from the fuel by pipes of structural 
material. The control of all these reactors depended on 
delayed neutrons as in the graphite piles. The only 
difference was that any material inserted in the core 
of a fast reactor would increase the activity. 

As regards power generation, a nuclear reactor could 
be considered as a “‘ furnace ” which heated a coolant. 
This, in turn, passed its heat through an exchanger 
to the working fluid of a suitable heat engine. Gas- 
cooled natural uranium graphite piles required 
structures and the gas output temperature was severely 
limited vy the temperature of the aluminium cans in 
which the uranium rods were enclosed to prevent 
corrosion. The piles could only produce heat at very 
low efficiencies. Enriched reactors offered better 
possibilities. Unfortunately, the engineering of all 
these reactors was difficult to a degree never previously 
encountered. 

The major problem was the endurance of the reactor. 
The structural materials were subjected to intense 
neutron bombardment, :as well as to the normal wear 
and tear associated with furnaces and heat exchangers. 
This intense irradiation could be achieved only in 
nuclear reactors, so that it was always n to 
extrapolate from experience gained in low power 
units, in order to estimate the effects in higher power 
equipment. The fuel material had to withstand not 
only the neutron flux, but also the disintegration of 
a proportion of its atoms into twice the number of 
foreign atoms, some gaseous. Hence for high endurance 
a reactor must not depend on the structural i 
of the fuel. In any case, arrangements must be made 
to replenish the so as to maintain the reactor at the 
critical size. 

Owing to the intense radioactivity, maintenance of 
reactors in the ordi sense of the word was impos- 
sible. All coolant circuits of high power reactors 
must be shielded and leak-proof. © replacement of 
the core, wholly or in part, was a major difficulty as 
all such operations must be remotely controlled. It 
was obvious that a liquid fuel had many advantages 
in this respect. A ing the core could be removed, 
there was the even more formidable problem of chemi- 
cally re- ing the fuel to salvage the fissile material 
from the fission products. The fissile material could 
be used again, but the disposal of the fission products 
was a problem of vast magnitude. 

When considering nuclear energy as a possible source 
of power, it must be remembered that although ura- 
nium 235 was the only fuel available naturally in 
reasonable quantities, others could be manufactured. 
For instance, the first graphite piles built in the United 
States were for the production of plutonium, which was 
extracted from the uranium rods by chemical action, 
and then used as a fuel. If quantities of thorium were 
inserted in such a pile, uranium 233 could be produced, 
and this was another possible fuel. However, largely 
because non-fission capture in structural materials was 
much less probable for high en neutrons, many 
physicists were of opinion that only fast and inter- 
mediate reactors with inserts of absorber material 
(uranium 238 and thorium 232) offered the possibility 
of creating more than one atom of fissile material for 
every one burnt. 

At present, adequate information was not available 
to enable it to be said whether nuclear power would be 
economical. To make it so, many improvements and 
simplifications in the reactors would be necessary. 
Since the weight of fuel required by a nuclear reactor 
was small, its as an economic source of power 
might first be demonstrated in regions where steam 
and water power were not available. The answer must, 
in fact, await the outcome of the reactor development 
La a=W which was now ing headway. This 
Ww tell us whether it was technically possible to 
produce electricity from a nuclear reactor on a small 
= oe Set ene ere eee eee eee 
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FREY BRIDGE OVER RIVER HAVEL, BERLIN. 
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Sem1-PERMANENT Brivge During ConsTRUCTION. 





ROAD BRIDGE OVER THE RIVER 
HAVEL IN THE BRITISH SECTOR 
OF BERLIN. 


Tue distribution by road of supplies brought into 
Berlin by air to relieve the blockade has naturally 
thrown a considerable strain on the city’s transport 
facilities and throughout the Military Government and 
City Administration authorities have been constantly 
pees Mera to improve the arrangements for trans- 
porting food, coal and raw materials. The problem of 
transporting goods from Tempelhof Airfield in the 
American Sector is not particularly acute, because the 
airfield is situated centrally, near the distribution 
centres and warehouses of the city. Tegel Airfield, 
built with extreme rapidity in the French Sector, is also 
near the main centres of population. Gatow Airfield in 
the British Sector, however, is unfavourably situated for 
the distribution of supplies by road. It is near the 
Sector , to the west of the River Havel, 
which runs in a north-south line dividing the Sector 
into two unequal parts. On the opposite, eastern, side 
of the river, is the most im nt part of the Sector ; 
to the east of that is the American Sector, and to the 
north-east the French Sector. Thus, all traffic from 
Gatow Airfield to the sectors of the Western Powers 
must cross the river. The Frey road bridge; a. bow- 





string-arch steel structure carrying tramways, provided 
the most direct route, but it was totally destroyed by 
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Fig. 2 Brivce CompieTeD. 


demolition charges in April, 1945. The Germans are 
believed to have had no intention of blowing up the 
bridge, but a stray Russian shell initiated the charges 
during the battle for Berlin. The wrecked bridge is 
shown on the right-hand side of Figs. 1 and 2, on this 


PeThe only means of communication were then indirect 
second-class roads leading to two partly- 
bridges farther north on the Havel. A Bai ag ong 
approximately 30 yards to the north of the demolished 
structure, was therefore erected by the Royal Engineers 
at the beginning of the military occupation of Berlin. 
It was a class-40 double-span bridge of triple-single 
construction, supported on piled Bailey piers and 
approached by decked trestles. Early in 1948, it 
became necessary to reduce the load classification from 
40 to 18, owing to the effect of heavy and continuous 
traffic and inadequate maintenance by German gangs. 
By July, the condition of the piers and pile bents was 
unsati ry, and all load-carrying vehicles travelli 
from Gatow were diverted to the north. This ca 
an increase in the consumption of 1 and Diesel 
fuel, every gallon of which had to be brought in by air. 
Furthermore, traffic bottlenecks occurred because the 
Bailey bridge had only one carriage-way. In August, 
1948, t ethan uh: den! cveecroens batalla tet 
rmanent. bridge wit! carriageways suitable for 
Peas traffic. If materials were available, double 





tram tracks were to be laid, to restore the tramway 
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services between South Spandau and Charlottenburg. 
The tion Branch of the Military Government 
were responsible for the construction of the 
bridge, with Royal i technical advice, super- 
vision and plant. The Bridge Building Board 
were made responsible for design details, and the 
administration of labour. All materials were to be 
found or uced locally. 

An R.E. officer surveyed the site and set out the 
centre-line and a h alignments for the new 
bridge. The centre-line was about 20 m. south of the 
demolished bridge, and the distance between the 
proposed abutments was 295-5 m. An elevation of 
the bridge is given in a on this page. For the 
Spandau approach it was only necessary to prepare 
road foundations for a length of about 5 m., and make 
certain alterations to an existing road junction. On 
the Berlin side, however, a cut 50 m. had to be 
made through 4 hill to connect the existing road to the 
new abutment. As the height of the roads on opposite 
aides of the river differed by 2-3 m., it wae decdded to 
build the bridge to a continuous gradient. It was to 
be a class-70 bridge, which would be more than suffi- 
ciently strong for the loads carried on two tramways. 
Trial boreholes showed that there were 2 m. of made 
ground, 4 m. to 6 m. of mud, 1 m. of silt, and finally an 
undetermined depth of sharp sand. The bearing capa- 
city, taken at the base of the vegetable soil, was 3 kg. to 
5 kg. per square centimetre. It was therefore not 
possible to use grillage to rt the bridge, and it was 
decided to drive timber piling, to be surmounted by 


Most of the material for the main girders was obtained 
from the factory of the Spandau Stahlindustrie, which 
was being dismantled under the disarmament pro- 
gramme. In order to reduce the number of pile bents 
to be driven, the longest possible spans were required, 
and the most suitable were found to be the gantry-crane 
rail girders, of compound-plate construction, which were 
is ble in various stan 

te girders, side by side, were used on each span, 
except that eight rolled.steel joists were used for each 

on the Spandau bank. The lengths of spans in 

is area were less than elsewhere, as shown in Fig. 3, 
and, furthermore, as the average level of the carriage- 
FS ered eat m. above the ground, trestles were 

with for the Spandau spans. Instead, the 


pile bents were braced and 
girders on which the 
supported. In order to achieve the 


-steel joist 
longest 


possible 





lengths. Four compound | the fender 
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spans with the plate girders of fixed length, the girders 
were erected with a gap between adjacent ends, as 
shown in Figs. 4 and 5; the end of each girder was 

on the appropriate pile bent, and adjacent 
ends were joined by a series of joists. 

An impact allowance equivalent to 40 per cent. 
of the live load was assumed in designing the bridge. 
As the bridge is only temporary, a wind pressure of 
100 kg. per square metre was assumed. The piles 
are 35 cm. in diameter. A considerable amount of 
partly-seasoned timber was available from various 
timber yards in the western sectors, but there were no 
scantlings suitable for some of the piles, i ly 
those for the water-gap, which were up to 16 m. in 
length. Some timber was therefore cut in the Stadt 
Forest in the British Sector. As many nails, screws, 
bolts, spikes, etc., as were available were obtained 
locally, but considerable quantities had to be manu- 
factured by German firms and Royal Engineer work- 
shops. Work on the site commenced on August 9, 
1948, the intention being to carry out pile driving simul- 
taneously on both banks and in the water gap. Timber 


su ing longi rails were erected on 
both on each side of the bridge axis and outside 
the positions of the pile bents. Gantries were 


then constructed on the rails, and the piling rigs and 
boilers erected on them. The rigs were built on rails on 
the gantries, to permit lateral movement. A steam 
vessel with a shallow draught and a blunt bow, on 
which was mounted an adjustable raking rig, was used 
for driving the water-gap piles. As the velocity of 
the stream did not exceed 2 km. per hour, no difficulty 
was experienced in anchoring the vessel for pile driving. 

Owing to difficulties in the provision of timber piles, 
driving was not commenced until August 23, but from 
that date until September 11, 460 piles were driven. 
The wrecked Frey bridge blocked most of the river, 
but there was one channel which was in constant use 
for barge traffic. i ivi 


night. A short-jib steam crane with a grab line and 
clam-shell bucket was mounted at the stern of a con- 
verted steam tug. This improvised dredger worked 
downstream in the channel, depositing silt into a barge. 
Ten double-bent trestles were constructed between 
September 15 and October 31. The trestle legs were 
of round timber and were placed directly on top of 
the piles (Fig. 1). Hea timber ‘Wiatio’ ills Gare 
secured to the legs and piles by 
were capped by a broad-flange girder 





steel spans. The two bents of each trestle were braced 
together, all joints being bolted. Fifty German car- 
penters were employed on this work, with some assist- 
ance from the Royal Engineers, who used pneumatic 
wood drills. These tools e ited the construction 
considerably : 600 cubic metres of round timber and 
1,000 cubic metres of square timber were used in the 
bridge, and almost every piece had to be drilled. Pre- 
=o, of the steelwork was commenced on Septem- 


the Germans. The greatest to pi 
throughout the construction of the bridge, apart 

the lack of material, was the shortage of specialist 
equipment and tools for the German firms ; this equip- 
ment had been confiscated by the Russians early in the 
occupation. ioe 

The first heavy compound girder was in 

ition on the pet eee trestles on the Berlin side on 

tember 26. R.E.M.E. recovery vehicles were used 
for winching the girders into position, but the final 
placing was carried out with the aid of hand 
derricks. As the girders for each span 
pleted, timber decking was laid. Th 
on the Spandau side were then placed on the 
using a tracked crane. The heavy gi 
spans were brought along the 'y-completed 
from the Spandau side, and conveyed to their 
positions by using a derrick mounted in a 
system of hand and power winching. All spans 
ition by December 3, and the remaining - 
was completed by the llth. Fifty-five erectors 
empl excluding those on dismantling work 
at the industrie factory, and the total 
steelwork erected was 665 tons. 

The tramway tracks were laid on the transom deck- 
ing, followed by a timber underlay and a timber wearing 
surface. Overhead electric cables were erected and the 
approach roads metalled. Sidewalks were constructed, 
and gas, electricity and telephone services were trans- 
ferred from the Bailey bridge to the new bridge. All 
work was completed on December 14, when i 
1 These showed that the bridge 
was suitable for two-way class-70 loads, as designed, 
and that it would, in fact, loads in excess of 
100 tons. The bridge was formally opened on Decem- 
ber 16 by Major-General E. O. Herbert, C.B., C.B.E., 
DS.O., Mili Governor and General Officer Com- 
manding the British Sector of Berlin. The officer 
mainly responsible for the Royal Engineer work was 
Lieutenant Radmore-Stephens, R.E., and the informa- 
tion contained in this article was supplied by the Chief 
Royal Engineer, Berlin. The reconstruction of the 
original Frey bridge has recently been commenced ; 
when completed, it will supersede the semi-permanent 
structure described in this article. 
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TAPERED-ROLLER BEARINGS.—British Timken Limited, 
Cheston-road, Aston, Birmingham, 7, have recently 
decided to discontinue the manufacture of the I.8.A. 
range of metric sizes of taper-roller bearings, and to 
concentrate the whole of their productive capacity on 
inch sizes. Eleven reasons for this decision are given in 
a booklet issued by the firm. Although in Great Britain 
and the United States, ball and cylindrical-roller bearings 
are largely standardised in metric sizes, approximately 
90 per cent. in Great Britain and 100 per cent. in the 
United States of the production of tapered-roller bearings 
are in inch sizes. The only metric range of tapered-roller 
bearings in existence is the I.S.A. range, which was 
designed in Sweden, but it is stated to be inferior in 
several respects to the Timken inch-size range. A selected 
range of tapered-roller bearings is listed in another 
booklet issued by the firm, who now produce approxi- 
mately 7,000,000 bearings of this type per annum. It is 
hoped that, by encouraging the use of bearings from this 
range, costs will be kept to a minimum. The firm, 
however, are understood to be willing to provide special 


>| sizes when required. 
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BRITISH STANDARD BOOKS RECEIVED. PERSONAL. 
SPECIFICATIONS. Department of Scientific and Industrial Research. National| MR. G. C. PARKER, M.I.N.A., who joined the Caledon 
‘ soati engineering interest Building Studies. Bulletin No. 6. Gypsum and|Shipbuilding and Engineering Company, Limited, 
RE Ty Pf mer a i a, Tetitetion. Anhydrite Plasters. By H. ANDREWS. H.M. Sta- | Dundee, in 1928, became shipyard manager in 1932, and 


Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 

Photographic Safelight Screens.—A new specification, 
B.S. No, 1496, has been pre at the request of the 
British. Photographic Manufacturers’ Association and 
the Wholesale Photographic Finishers’ Association to 
remove certain disparities in the dimensions of safe- 
light screens which have been a source of inconvenience 
to users. The new publication specifies the dimensions 
of screens and housings necessary to ensure inter- 
changeability of screens of the same nominal size. 
These nominal sizes are classified as primary and 
secondary, and the latter are not recommended for 
future design. [Price ls., postage included.] 

Steel Plate, Sheet and Strip.—tThe Institution have 
published Addendum No. 1 to B.S. No. 1449-1948, 
which covers steel plate, sheet and strip. The new 
publication sets out the requirements for three series 
of stainless-steel sheet ahd strip. These are En. 56 A, 
B, C, D and M, a series covering 12-per cent. chromium 
rust-resisting steel. sheet and strip ; m0, Re 
tensile 15-20 per cent. chromium and 1-3 per cent. nic 
rust-resisting steel sheet and strip, and En. 58 A, B, 
C, D, E, F, G, H and J, a series representing austenitic 
chromium-nickel rust, acid and heat-resisting steel 
sheet and ig gh each prides! steel the chemical 
composition mechanical porperties are quoted, 
and reference is made to the general clauses incorpor- 
ated in B.S. No. 1449. [Price of Addendum No. 1, 
1s., postage included. ]} 





CONTRACTS. | tied 
Messrs. SIMON-CARVES, LimireD, Cheadle Heath, 


Stockport, have been appointed to act as engineers and Wil 


contractors for the North-Western Region of the National 
Coal Board for the whole of the civil-engineering work 
involved in the re-organisation of the Bold Colliery, near 
St. Helens, Lancashire. A new shaft, 1,100 yards in 
total depth, is to be sunk, horizon mining is to be intro- 
duced, and a Koepe winding installation is to be built. 


Messrs. JOHN BROWN AND COMPANY, LIMITED, have 
received an order for the design and construction of an 
experimental windmill for the generation of electricity 
in Orkney. The contract has been placed by the North 
of Scotland Hydro-Electric Board, in collaboration with 
the British Electrical and Allied Industries Research 
Association. The diameter, across the blades of the 
windmill, will be 60 ft., and its capacity will be about 
100 KW. 


Messrs. THE SPERRY GYROSCOPE COMPANY, LIMITED, 
have received numerous orders from Scandinavia, 
including gyro-compasses with repeaters and gyropilots, 
for the 12,200-ton vessel Vestfoss, building for Messrs. 
Thor Thoreson A/S, and the 10,500-ton vessel Hamlet, 
now under construction for Bruusgaard Kiosterud & Co. 
Gyropilots and other equipment have also been ordered 
fer the 12,200-ton Borgny, the 10,973-ton Strinda, the 
2,800-ton Randi Brovig, the 5,600-ton Lisholt, and the 
5,500-ton Oklahoma. 


MESSRS. ASSOCIATED BRITISH OIL ENGINES, LIMITED, 
Duke’s-court, 32, Duke-street, St. James’s, London, 
8.W.1, announce that the A.B.O.E.-Brush group have 
received many orders for heavy Diesel-electric generating 
Plant. These include two Mirrlees HF6 six-cylinder 
engines rated at 660 b.h.p. at 375 r.p.m., direct-coupled 
to Brush 400-kW alternators for installation on the 
Spanish African coast ; three Mirrlees TL 5 five-cylinder 
engines rated at 262 b.h.p. at 600 r.p.m., direct-coupled 
to Brush 154-kW alternators, for Siam; two Mirrlees 
TL3 three-cylinder engines direct-coupled to 80-kW 
Brush alternators for India; and six TL 5 five-cylinder 
engines rated at 262 b.b.p. at 600 r.p.m., coupled to 
150-kW generators for the Commonwealth of Australia, 
for installation as marine auxiliaries in two ships— 
three sets per ship. All the engines will be built at 
Mirrlees Works, Hazel-grove, Stockport, and the Brush 
alternators at Falcon Works, Loughborough. 












Last CANADIAN Paciric Steam LOcCOMOTIVE.—It is 
stated, in a recent issue of The Railway Age, 
the. Canadian Pacific Railway intends to 
Diesel-electric locomotives in future developments, 
has, recently aecepted delivery. of what may be the 
last. steam locomotive built for the line. This has 
been constructed by the Montreal Locomotive Works 
and had been designed for hauling passenger and freight 
trains on. the mountain gradients between Calgary and 
Revelstoke. It is the last of six engines of the “‘ Selkirk ” 
type, and weighs 370 tons. 


tionery Office, Kingsway, London, W.C.2. [Price 
6d. net.) 

The Technique of Industrial Labour Payment. Setting 
Forth the Fundamental Principles of Time Study and 
Payment by Result. By C. L. Guest. Macdonald 
and Evans, 8, John-street, Bedford-row, London, 
W.C.1. [Price 35s. net.] 

United States National Bureau of Standards. Applied 
Mathematics Series No. 4. Tables of Scattering Func- 
tions for Spherical Particles. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 
25, D.C., U.S.A. [Price 45 cents.] 

“* Mechanical World” Monographs. No. 48. Flow-Line 
Planning in Factory Layout. By H. M. Harman. 
Emmott and Company, Limited, 31, King-street 
West, Manchester 3. [Price 2s. net.) 

Liverpool Observatory and Tidal Institute. Annual 
Report for 1948. The Director, Liverpool Observatory 
and Tidal Institute, Liverpool. 

The Ohio State University. The Engineering Experiment 
Station. Bulletin No. 135. Ezperiments on Belt-Drive 
Fundameniale. By C. A. Norman. The Director, 
The Engineering Experiment Station, The Ohio State 
U ity, Columbus 10, Ohio, U.S.A. [Price 1 dol.] 

is Treatment. .A Comprehensive Guide to the Treat- 
‘ment of Water for All Purposes and Effluents Purifica- 
tion. Sterilisation, Coagulation, Filtration and Storage 
of Industrial and Domestic Water. By Dr. G. V. JaMEs. 
Second edition, revised and enlarged. The Technical 
Press, Limited, Gloucester-road, Kingston Hill, Surrey. 
[Price 30s. net.] 

Technical Dictionary. English-Italian: Italian-English. 
By GIORGIO MAROLLI. Second edition, revised. Casa 
ditrice Felice Le Monnier, Florence, Italy. [Price 

2,700.) 
Kleinkdltemaschine. By Dr.-ING. RUDOLF PLANK 
d Dr.-ING. JOHANN KUPRIANOFF. Springer-Verlag, 

- gebensstrasse 1, Berlin-Charlottenburg 2, Germany. 
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Power System Stability. Volume I. Elements of Stability 
Calculations. By PROFESSOR EDWARD WIHIISON 
Krmspark. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 6 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 36s. net.) 

Steam Power Engineering. By PROFESSOR 
Epe@aR MacNaveuTon. Third edition. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 6.50 dols.] Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 39s. net.} 

Drainage of Land, Estates and Buildings. By STANLEY 
GALE. Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 22s. net.] 

Ministry of Education. The King George III Collection 

of Scientific Instruments. A Brief Outline of the History 

of the Collection, Together with Notes on Personalities 

Involved, in C: ction with a Special Exhibition Held 

in the Science Museum During 1949. By J. A. CHALDE- 

cotr. H.M. Stationery Office, Kingsway, London, 

W.C.2. [Price 6d. net.] 

Ministry of Transport. Railway Accidents. Report on 

the Collision Which Occurred on 18th November, 1948, 

at Woolwich Arsenal Station in the Southern Region 

(British Railways). H.M. Stationery Office, Kingsway, 

London, W.C.2. [Price 4d. net.] 

World Power Conference. Transactions of the Fuel 

Economy Conference at The Hague, 1947. In three 

volumes. Volume I. Introductory Matter and “ Fuel 

Economy Since 1939.”” Volume II. Section A. Pro- 

duction—General. Section B. Distribution—Liquid and 

Gaseous Fuels. Volume III. Section ©. Utilisation— 

General. Percy Lund, Humphries and Company, 

Limited, 12, Bedford-square, London, W.C.1. [Price 

102. per set.] 

Brennstoffe, Kraftstoffe, Schmierstoffe. Eine Einfiihrung 

in thre Chemie und Technologie fiir Ingenieure. By 

InG.-DR. BRUNO RIEDIGER. Springer-Verlag, Jebens- 

strasse 1, Berlin-Charlottenburg 2, Germany. {Price 

DM 33.) 

Rahmenformeln. Gebrauchsfertige Formeln fiir alle statis- 

chen Gréssen zu allen praktisch vorkommenden Einfeld- 

Rahmenformen aus LEisenbeton, Stahl oder Holz. 

Eleventh edition. By Proressor Dr.-ING. ADOLF 

KLEINLOGEL. Wilhelm Ernst und Sohn, Hohenzollern- 

damm 169, Berlin-Wilmersdorf, Germany. [Price 

M 25.) 





Flow. An Introduction to the Mechanics of 
Flow, Film Lubrication, the Flow of Heat by 
Conduction, and Heat Transfer by Convection. By 
H. F. P. Purpay. Constable and Company, Limited, 
10, Orange-street, London, W.C.2. [Price 18s. net.] 


Convection, de la Chaleur en Régime Permanent. Con- 
Sérences au Centre d’Etudes Supérieurs de Mécanique. 
By R. LEGENDRE. Dunod, 92, Rue Bonaparte, Paris 


was elected a director in 1938, has now been appointed 
managing director of the company. 

Sm GrRawAM CUNNINGHAM, K.B.E., chairman ani 
managing director of the Triplex Safety Glass Company, 
Limited, has been appointed head of a department. 
representing British industry, which will work with 
the Board of Trade in its efforts to increase exports to 
Canada and the United States. The appointment will 
not be full-time and will not affect Sir Graham’s industria! 
duties and commitments. 

Mr. O. T. R. LEISHMAN, civil engineer, Messrs. Dor- 
man, Long and Company, Limited, is leaving Middles- 
brough to take up an appointment as manager of Messr-. 
John Howard and Company, Limited, civil engineer. 
London. 

Mr. KENNETH HALL, managing director of Northern 
Aluminium Company, Limited, and a director of Alumin - 
ium Laboratories, Limited, has been elected President 
of the Council of the Aluminium Development Associa - 
tion. 

Mr. H. G. HERRINGTON, director and general manager 
of High Duty Alloys, Limited, 89, Buckingham-avenue, 
Slough, Buckinghamshire, has handed over to Mr. F. G. 
WOOLLARD, the chairmanship of the executive committee 
of the Aluminium Development Association, which he 
has held since the inception of the Association. Mr. 
Herrington was previously chairman of the executive 
committee of the Wrought Light Alloys Development 
Association, from which the Aluminium Development 
Association was evolved. 

Mr. R. C. PLowMAN, M.1.E.E., executive director of the 
British Thomson-Houston Export Company, Limited, re- 
tired on April 16, after 30 years’ service with the firm. 
Mr. J. N. MacDoONALp, manager of the company’s 
London office, has been appointed to the board as execu- 
tive director, and Mr. C. W. Peyton has been made 
manager, overseas representatives and agencies. MR. 
E. V. SMALL, previously director and general manager of 
the company, has been appointed managing director. 
Mr. H. E. WETHERED has been made manager, Eastern 
Sales, and Mr. W. C. Scorr, manager, Western Sales. 

Dr. W. F. Rrester, M.I.Mech.E., who joined Sigmund 
Pumps Limited, Team Valley, Gateshead, 11, in 1944, 
as chief projects engineer and later undertook the duties 
of chief engineer, has been appointed to the board as 
technical director. He is in charge of the firm’s London 
office at Terminal House, 52, Grosvenor-gardens, S.W.1. 
"Mr. W. T. DrronaM, A.M.I.E.E., a senior engineer of 
Marconi’s Wireless Telegraph Company, Limited, Marconi 
House, Chelmsford, Essex, who has been particularly 
associated with the building of broadcasting transmitters, 
has retired. 

Mr. H. W. OrEMER, C.B.E., has been made chairman 
of a committee appointed by the Department of Scien- 
tific and Industrial Research to review the needs for 
research in the field of chemical engineering and the 
extent to which they can be met by existing research 
establishments. 

Mr. J. MoInrosH has been elected chairman of the 
Scottish Centre of the Institute of Road Transport 
Engineers, in succession to Mr. W. N. HENDERSON. 
Mr. H. J. Jones has been re-elected chairman of the 
North-Western Centre of the Institute. 

Mr. L. W. Hutson, O.B.E., F.R.1.B.A., formerly 
Director of Bricks, Ministry of Works, has been appointed 
a member of the Building Research Board, Department 
of Scientific and Industrial Research for four years from 
April 1, 1949. 

Mr. Joun Fox, M.I.Mech.E., A.I.Loco.E., F.Inst.F.. 
has moved from 27, Adelaide-crescent, to Downbarton, 
Grand-avenue, Hove, 3, Sussex, (Telephone: Hove 5174), 
to which address all correspond hould be sent. 
The office at 4, Great Winchester-street, London, E.C.2, 
will remain open as formerly. 

MEssRS. MULLARD ELECTRONIC PRODUCTS LIMITED, 
Century House, Shaftesbury-avenue, London, W.C.2, 
announce that they are in the process of forming a new 
department, for handling vibration equipment for diag- 
nosis and measurement purposes, at their works at 
Aboyne-road, Tooting, London, S.W.17. 

Messrs. BROOKS AND WALKER, LIMITED, 41, Dockhead, 
London, 8.E.1, have opened a h in Liverpool to 
serve the North-Western area. Clients should com- 
municate with the firm’s agents for this area, MEssRs. 
HIBBERT, CARLISLE AND COMPANY, LIMITED, Windsor 
Building, George-street, Liverpool, 3. (Telephone : 
Central 4823.) 

Messrs. THE CARLISLE MACHINE COMPANY have now 
removed from Southport to more suitable premises in 
Liverpool. As in the past, all communications should 
be addressed to Messrs. HIBBERT, CARLISLE AND Com- 
PANY, LimITED, Windsor Building, George-street, Liver- 











(VIe). [Price 580 francs.] 








pool, 3, who are responsible for all sales. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel. —NMakers are maintaining a satisfactory 
Jevel of ingot production, while pig iron continues at 
the slightly improved rate of output héd last th 
Allocations of steel for export in the current quarter 
have all been made, and show little change from the 
previous period, but it is generally expected that ordinary 
export quotas will be appreciably augmented in May 
and June by special allocations arising from bi-lateral 
trade agreement orders. A greater willingness on the 
part of overseas countries to grant import licences is 
evident. Commonwealth buyers are anxious for in- 
creased tonnages of steel in various forms; Canada, 
notably, is displaying renewed interest, particularly in 
sheets. The home demand seems to be as strong as 
ever; shipyards and similar trades are consuming sub- 
stantial tonnages of heavy steel products. Structural 
engineers have many contracts op their books involving 
large tonnages, but complaints are being made that a 
considerable amount of steel is being immobilised in 
this trade pending the delivery of particular items to 
complete fabrications. Re-roilers are rather better 
supplied with raw materials, as there are prospects of 
increased imports of billets and sheet bars from Belgium. 
Sheetmakers are finding it almost impossible to reduce 
delivery dates. The demand from both home and over- 
seas buyers for light gauges continues to be especially brisk, 
but medium and ‘heavy plates are also in strong request. 

Scottish Coal.—The deficit between the actual pro- 
duction and the divisional targets has steadily grown this 
year, and now exceeds 250,000 tons. This is an improve- 
ment of just under 100,000 tons compared with the 
corresponding period of last year, and is attributable 
almost entirely to the increase in manpower. Sporadic 
strikes during the past few weeks, most of them in 
Lanarkshire, have affected weekly output figures. Some 
of the stoppages occurred after the posting of closure 
notices at Hillhouserigg and Fortissat Collieries, to be 
effective from the end of April. Nevertheless, consumers’ 
supplies are being fairly well maintained. Merchants’ 
receipte of house coal are in accordance with basic allo- 
cations. Some headway is being made in regard to 
gasworks’ and coke-oven supplies after the deterioration 
in the position a few weeks ago, but margins remain 
small. Railway stocks would benefit from some retrench- 
ment, but the general situation appears to be satisfactory. 
The new summer programmes are now in operation, and 
generally these have been received without serious 
complaint. Industrial users are still looking for a higher 
proportion of graded fuel. Steelworks and electric-power 
stations are fairly well supplied with fuels of the kinds 
they require, and the smaller consumers are benefiting 
from the reduced requirements for space-heating due to 
the warmer weather. 








NOTES FROM THE SOUTH-WEST. 

CaRpIrFr, Wednesday. 
The Wesh Coal Trade.—Immediately following the 
holidays, the supply position was difficult for all classes 
of fuel and consequently, despite a keen demand, fresh 
business was limited. Apart from the official Easter 
holiday, there was a good deal of absenteeism on the 
days immediately following, and this seriously aggra- 
vated the already short supply position. When work 
settled down, however, it was found possible to make 


was, in fact, better than the figure that had been reported 
recently for homeward business. April deliveries to 
France were well up to schedule, and, until next month’s 
quantities are announced, there will be little further 
activity in this direction. The Portuguese market, 
similarly, is well supplied and a quiet start has been 
made with May coals for this country. Foreign coaling 
have been planned on about. recent lines, 

req for the supply of tonnage at the home 
vere Sao leek cee. way See, Foreign shipment 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—There is further evidence of growing 
competition in the steel trades from Continental firms. 
Considerably lower offers by French and Czechoslovakian 
concerns than those made by Sheffield firms for railway 
wheels, axles and tyres for the Swiss Federal Railways 


tenders the undercutting was made possible by a Govern- 
ment subsidy. Other instances are reported of under- 
cutting in a variety of steel products. Even in cases 
in which Sheffield prices have been lower than those of 
competitors, business has been lost because the pros- 
pective customer had not sufficient sterling. A novel 
step has been taken by Messrs. William Jessop and Sons, 
Limited, in holding “open days” this week, so that 


shaped, no pictures cr description can convey any clear, 
lasting impression, and so we are asking you to come and 
see these things for yourself.” There are very well-filled 
order books in all edge-tool factories, as well as in those 
making engineers’ small tools. The production of hack- 
saws has been increased by the extension of production 
facilities. 


stronger for locomotive hards, the consumption of which 
was very heavy during the holiday period. Pressure for 
better supplies of coking coal is being exerted in an 
effort to improve the make of coke and build up reserves. 
Gas coal is in good request. Household serts are quieter, 
and consumers are reluctant to take delivery of outcrop 
and other inferior grades. Export business is well main- 
tained. Bunkers have been active for prompt and near 
forward delivery, the demand being strongest for large 
d and hed thirds. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel producers have 
heavy bookings and are running their plants at high 
pressure in the endeavour to deal satisfactorily with 
delivery obligations. The demand for maximum sup- 
plies of many commodities is intense and both home 
and overseas customers are preparing to place substantial 
orders for delivery over any period that can be arranged. 
Sellers, however, are not inclined to accept much new 
business until they have appreciably reduced their present 
commitments. Changed conditions have somewhat 
increased the’ competition in overseas markets, but the 
recently advanced prices of North-East Coast products 
are still at a level that promise to attract overseas buyers. 
The distributable tonnages of nearly all descriptions of 
pig iron remain well below current requirements, but 
increasing deliveries of iron ore, limestone and coke 
encourage the hope of an early increase in blast-furnace 
outputs by the re-kindling of stacks that have been out 
of blast for a considerable time. The scarcity of pig 
fron necessitates the extensive use of scrap at foundries 
and steelworks, and the demand for good steel scrap and 
heavy and medium cast-iron scrap is still heavy though 
recent deliveries to users have been on a very substantial 
seale. Manufacturers turning out semi-finished and 
finished descriptions of material have heavy orders in 
hand. 

Foundry and Basic Iron.—The scarcity of ordinary 
foundry pig iron is still acute and consumers are experi- 
encing difficulty in obtaining their tonnage allocations. 
The inadequate supply is seriously affecting operations 
in the branch of industry manufacturing light castings, 
the export demand for which is extensive. The output 
of the basic blast ‘furnaces is going into immediate use at 
the makers’ own consuming plants. 

Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite is somewhat less scarce than of late, but 
regular users continue to call for larger quantities than 
they are receiving. The outputs of low- and medium- 
phosphorus qualities of iron are steadily absorbed as soon 
as they become available. Refined-iron manufacturers 
are.able to maintain production at a sufficiently high level 
to cover actual needs. 

Manufactured Iron and Steel.—The semi-finished and 
finished iron departments of industry are well employed 
and inquiries circulating support the belief that plants 
will continue very actively engaged for some months. 
There is no slackening in the demand for steels. Com- 
modities needed for constructional work are fully 
occupied. Shipbuilders have large contracts to carry 
out. and could increase their operations if they could 
secure higher steel allocations. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








SocrzeTy OF ENGINEERS.—Monday, May 2, 5.30 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
* Air Lift Pumping,” by Mr. Bernard Payne, 

RoyaL Socrery or ArtTs.—Monday, May 2, 6 p.m., 
John Adam-street, Adelphi, W.C.2. “ Navigation at 
Sea,” by Captain H. Topley. 

INSTITUTON OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, May 2, 6 p.m., James Watt 
Memorial Institute, Birmingham. Fortieth Kelvin Lec- 
ture: “ Theory of Semi-Conductors and Rectifiers,” by 
Professor N. F. Mott. London Students’ Section: Mon- 
day, May 2, 7 p.m., Victoria-embankment, W.C.2. “A 
Method of Carrier Frequency Synchronisation for Rroad- 
casting Transmitters,” by Mr. D. J. Whythe; and “ An 
Application of Wave Analysis to Routine Frequency 
R M te,” by Mr. 1. J. Shelley. Measure- 
ments Section: Tuesday, May 3, 5.30 p.m., Victoria-em- 
bankment, W.C.2. Lecture on “ Some 
Problems,” by Professor G. W. 0. Howe. North-Western 
Centre: Tuesday, May 3, 6.15 p.m., Engineers’ Club, 
Albert-square, Manchester. Annual Meeting. “ Tidal 
Power and the Severn Barrage,” by Mr. H. Headland. 
Wednesday, May 4, 6.45 p.m., Harris Institute, Corpora- 
tion-street, Preston. “ Tidal Power and the Severn 
Barrage,” by Mr. H. Headland. Southern Cenire: Wed- 
nesday, May 4, 6.30 p.m., City Council Chambers, Clar- 
ence-parade, Portsmouth. Annual Meeting. “ Over- 
head Line Regulators,” by Mr. H. W. Grimmitt. 
Utilization Section : Thursday, May 5, 5.30 p.m., Victoria- 
embankment, W.C.2. Joint Meeting with the Lystrru- 
TION OF BRITISH AGRICULTURAL ENGINEERS. “Some 
Aspects of Agricultural and Horticultural Electrification 
in the United States and Canada,” by Mr. F. E. Rowland. 

SHEFFIELD SOCIETY OF ENGINEERS AND METALLURG- 
IsTs.— Monday, May 2, 6.15 p.m., Royal Victoria Station 
Hotel, Sheffield. “‘ Maintenance and Materials,” by Mr. 
F. E. Probyn. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, May 3, 
5.30 p.m., Great George-street, S.W.1. Discussion on 
“Maintenance of Maritime Works.” Introductory 
Notes: “ Timber,” by Mr. F. V. M. Bell; “‘ Reinforced 
Concrete,” by Mr. G. L. Hargreaves; and “ Steel,” by 
Mr. E. L. Browning. 

INCORPORATED PLANT ENGINEERS.—South Wales 
Branch: Tuesday, May 3, 7.3@ p.m., Grand Hotel, 
Cardiff. ‘‘ Use of Tungsten-Carbide Tips in Rock Dril- 
ling,” by Mr. R. W. Evans; “ Diesel-Engine Mainten- 
ance,” by Mr. J. L. Ball; “ Plant Maintenance,” by Mr. 
J. H. Edwards; and “ Carbon Tips on Machine Tools,” 
by Mr. H. Power. London Branch: Wednesday, May 4, 
7 p.m., Royal Society of Arts, John Adam-street, 
Adelphi, W.C.2. “The Elimination of Vibration from 
Machinery,” by R. B. Gray. Peterborough Branch: 
Thursday, May 5, 7.30 p.m., The Gas Company’s Cfiices, 
Church-street, Peterborough. Open Discussion Meeting. 
Birmingham Branch: Friday, May 6, 7.30 p.m., Imperial 
Hotel, Birmingham. “ Metal Spraying;” by Mr. W. E 













Junior I ON OF ENGINEERS.—Midland Sec- 
tion: Wedn May 4, 7 p.m., James Watt Memorial 
Institute. “A New Approach to Con- 


INSTITUTION OF 
Graduates’ Section : Thursday, 
gate, St. James’s Park, 8.W.1. ‘Anna 
“ Atomic Physics.” a 

Roya SratisticaL Sociery.—Industrial Applications 
Section: Friday, May 6, 6 p.m., Elma Lighting Service 
Bureau, 2, Savoy-hill, W.C.2. Brains Trust Meeting 
conducted by Professor E. 8. Pearson, Dr. B. P. Dudding, 
Mr. Philip Lyle and Mr. E. C. Fieller. 





THE OLD CENTRALIANS.—The 39th annual dinner of 
the Old Centralians—the old students’ association of the 
City and Guilds Engineering College of: the Imperial 
College of Science—will be held on Monday, May 9, at 
7 p.m. for 7.30 p.m., at the Grocers’ Hall, Princes-street, 
London, E.C.2. Old Centralians wishing to attend 
should communicate with Captain A. M. Holbein, 3, 
St. James’s-square, London, 8.W.1. (Tel.: ABBey 
7833.) We are also informed that the annual 
reunion and dinner of the Midland Branch of the 
Old Centralians will be held at the New Imperial Hotel, 
Temple-street, Birmingham, on Friday, May 6, at 6.15 
p.m. Any Old Centralians—former students of the City 
and Guilds Engineering College, South Kensington—who 
are resident in the Midlands and have not been advised 
of this function are asked to communicate with the 
honorary secretary of the Branch, Mr. A. A. Blanco, 99, 
Middleton Hall-road, King’s Norton, Birmingham, 30 
(telephone : KINg’s Norton 1327). 
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EXHIBITS AT THE BRITISH 
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(For Description, see Page 385.) 


INDUSTRIES FAIR, BIRMINGHAM. - 
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Fig. 13. 
BREAKER; Messrs. A. REYROLLE AND COMPANY, 





132-KV Smatt Onm-VoLtume CrircuitT 


LIMITED. 























Fic. 14. PortaBLe Mintne SusstaTion ; GENERAL ELEctRIc Company, 


LIMITED. 


ELECTRIC-POWER EXHIBITION. 


Aw exhibition, which is intended to serve as a per- 
manent educational centre on matters relating to elec- 
tricity supply, was opened by the Minister of Fuel and 
Power (the Rt. Hon. H. T. N. Gaitskell) at’ British 
Electricity House, 170, Great Portland-street, London, 
W.1, on Thursday, April 21. It occupies a space adjoin- 
ing the British Electricity Authority’s inquiry bureau 
and has been given the title ““ More Power and What It 
Means.” It will be open to parties of visitors, and, in 
addition, it is proposed to circulate some of the displays 
and models throughout the country. 

The entrance of the exhibition has been arranged 
to illustrate the size of the Authority’s organisation. 
This covers 304 generating stations with nearly 13,000 
MW of plant, which are interconnected by a national 
grid of high-tension transmission lines 5,185 miles in total 








Fie. 15. 


length. It therefore forms probably the largest elec- 
tricity supply system in the world. Statistics relating 
to this system are shown in illuminated panels along- 
side representative photographs. Adjoining is a large 
map of the country showing the former electricity 
supply undertakings, and upon this an illuminated out- 
line of the present fourteen electricity areas can be 
superim by pressing a button. Another exhibit 
is designed to show how the switching-on of various 
types of load is reflectedin the extra output demanded 
from the generating plant. 

The generation of electricity from steam is illustrated 
in an exhibit consisting of a number of diagrams 
awemye as a background to a working model of a 
typical station. The many activities involved in 
pliant construsting and equipping a steam power 
station are also sh6wn and an indication is given of 
the conflicting interests that must be satisfied, and 





Hicu-TENsiIon REVERSING SWITCH ; 











GENERAL ELECTRIC 
Company. LIMITED. 


the possible delays that may occur, before a site can 
be chosen which complies with technical require- 
ments bur does not conflict with local or national amen- 
ities. A map of the world shows the countries from 
which the raw materials for a power station are 
drawn and there is also a working model illustrating 
how the system is controlled and how current flows 
along the interconnecting lines. ; 

Adjoining the exhibition is a small cinematograph 
theatre for the display of documentary films prepared 
by the Authority, the walls of the building are also 
covered with diagrams. At a later date, a working 
model of a power station will be installed. One of the 
turbines in this will be constructed of P x and 
the steam pipes will consist of illuminated tubing. 

The exhibition was designed by Mr. Arthur C. 
Brabant, A:R.I.B.A. and conforms fully with modern 
display standards. ' bg otis 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 

Telegraphic Address ; 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMpr.te Bar 3663 and 3664. 


All editorial ce should be addressed 
to the Editor and all other correspondence to the 
Manager. . 


Accounts are payable to ‘“‘ ENGINEERING,” Ltd. 
ues should be crossed “‘ The National Provincial 
Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or, three months, pro rata), payable in advance :— 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 





ADVERTISEMENT RATES. 


ool 


Terms for displayed advertisements on the green 
paper wrapper, on the inside black and white pages 
he buff art paper two-colour supplement, as 
01 obtained on application to 

\ 3 © pages are 12 in. and 9 in 
wide, divisible into four columns 2} in. wide. Serial ad- 
Marsch mete Dytelaed ares wh ge 
larity, but absolute regularity cannot be guaranteed 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
averages six words and when an. advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six ; and 
33} per cent. for fifty-two insertions. 


F 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“ ” : 4 

Copy ”’ instructions and alterations to standing 
advertisements for display announcements must be 
reosived at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 


proofs for approval. 
The Proprietors will not hold themselves ner rang 
for advertisers’ blocks left in their possession for more 


than two years. 
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PUBLIC RELATIONS. 


Tue war and its aftermath have necessitated the 
imposition of regulations and controls on many 
activities of the members of the general public. 
Some of these restrictions affect them in their 
business relations and, where the dictates of outside 
authority interfere with the operations of, say, a 
manufacturing company, the impact may be 
softened, and the implications of the rules elucidated, 
if there are members of the staff sufficiently 
acute to interpret (or, possibly, to evade) the 
intentions of the people who make the. regula- 
tions. The procedure may be rather expensive, 
but it is workable. When, however, controls and 
regulations are designed directly to affect the 
actions of individuals, trouble may arise from the 
fact that the rules cannot be understood by persons 
of merely average intelligence. This is perhaps 
inevitable, because, when any one of the regulations 
may figure at some time in an action at law, it is 
necessary that they should be expressed in legal 
language, which may well be incomprehensible to 
the layman. It is one of the duties of public rela- 
tions officers to provide some exposition of them in 
everyday language; not by any means their only 
duty, but one which, in the case of Government 
and municipal ts especially, goes far to 
justify the appointment of such officials, whose 
functions are not always appreciated by the public. 

Publicity and public relations officials are now so 
numerous that they are met with at every turn; 
we understand, indeed, that they have had, for 
several years, their own “‘ professional ”’ association, 
and their higher grades, at least, enjoy salary scales 
which few engineers can hope to equal. Many of 
their activities, no doubt, are well-directed and 
useful, but study of some of the widely published 
“stories in pictures” give cause for wonder if the 
general public are quite so silly as publicity depart- 
ments appear to suppose. This adverse reaction 
may be extended to cover some of the posters with 
which sundry Ministries and other organisations 
now adorn the wayside. Some of these appear to 
have no other than a decorative purpose; for 
example, some of the attractive posters which 
ornament London tube stations. They are not 
direct Government. publicity, but some Ministry 
posters also appear to fall within the same class, 





or at any rate to concentrate on an appeal to 





pulilic. to save waste paper. It is possible that 
the campaign might be more successful if the pub- 
licity department concerned would explain to the 
public why, if waste paper is so valuable, it should 
not be paid for. 

These general reflections are engendered by a 
recent publication* in which the activities of public 
relations officers are reviewed. It is generally 
assumed by outsiders, presumably, that the duties 
of publicity, departments, are concerned with 
explaining policy, not with initiating it, and that 
their activities are confined to the written: word, 
the drawing-up of poster and newspaper advertising 
matter, and possibly the, supervision of film pro- 
duction. It is a little surprising to learn from 
Mr. J. H. Brebner, the author of this brochure, 
that “‘ in the London Transport organisation, the 
publicity department is responsible for the design, 
erection and maintenance of all shelters, stop 
posts and other roadside furniture associated with 
its passenger services,” and that “‘the building 
and engineering departments, concerned carried 
out their work as agents of the publicity officer.” 
This arrangement must be unusual; prima facie, 


405 | it appears to necessitate the inclusion of architects 


and engineers among the staff of the publicity 
department. 

This matter is one of internal organisation and 
does not concern the. public, but it bears.on the 
aspect of publicity services which is of most interest 
to the technical Press. -Without suggesting for a 
moment that, the publicity department of - the 
London Transport organisation is exceeding its 
proper function, and dismissing it. from further 
consideration, it may be said that scientific and 
technical journals are not always. helped by the 
activities of publicity officers. No doubt, their 
intentions are beyond cavil, but the -putting of 
them into practice is not always guided. by ade- 
quate special knowledge. The London Transport 
organisation, clearly includes technica] members on 
its staff. The trouble with the corresponding de- 
partments of many other bodies is that they clearly 
do not, and their usefulness, so far as the technical 
Press is concerned, suffers greatly in consequence. 

A section of Mr. Brebner’s booklet is headed 
“The Press.” It contains the statement that 
“‘whatever happens, a Press officer must. always 
give the Press the things it needs, not the things 
it-does not need.’ That is an, admirable sentiment. 
but its application is not as simple as might appear. 
Mr. Brebner recognises that there is such a thing as 
the ‘‘ technical and trade Press ’’—it is mentioned 
in his section headed ‘‘Advertising;”’ but he does not 
deal with it in any way in his discussion on the 
supply of material to ‘“‘The Press.” .. Technical 
journals receive much matter from publicity de- 
partments which they do not need, but it is the 
business of their editors, not of publicity officers, 
to decide what is useful and what is not. Of the 
masses of material which reach their offices, the 
greater part is of no service, but some items 
are of value and although the system in vogue 
results in a heavy proportion of the material 
received being réjected, any attempt by publicity 
departments to carry out a preliminary “‘ screening ”’ 
would result, almost certainly, in the elimination 
of valuable material by officials who do not know, 
and cannot know, what items are suitable for a 
particular journal and what are not. So far as the 
technical Press is concerned, it is better, except in 
very obvious cases, that a considerable amount of 
practically useless material should be circulated 
than that functions which are properly those of an 
editor should be exercised arbitrarily by an official 
who cannot be acquainted with the interests and 
purposes of editorial policy. 

The system is clumsy, perhaps, but it works 
tolerably well in the case of the kind of border-line 
material which some journals may be interested to 
know about, whether they use it or not, but which 
they do not really regard as essential knowledge. 
When, however, the question of supplying the 





* Public Relations and Publicity, by J. H. Brebner, 
O.B.E. Published for the Institute of Public Adminis- 
tration by the National Council of Social Service, Incor- 
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technical Press with ‘“‘the things it needs” is 
examined, a very different state of affairs is found. 
In the past, before publicity departments had 
attained their present status, it was usual for the 
individual concerned with publicity matters to pass 
material intended for the technical Press through 
the appropriate section of the works staff before 
issuing it ; in some cases, the publicity department 
included technical men whose duty it was to deal 
with such material. Experience suggests that in 
too many cases publicity departments are now of 
opinion that they are competent to deal with all 
matter sent out, without any such technical guid- 
ance. Mr. Rrebner states that the large nationalised 
industries and ‘“‘many organisations employing 
only a fraction” of their number of employees 
“cannot under modern conditions be efficiently or 
successfully managed without qualified experts in 
public relations and publicity.” This may be so, 
but in few cases in practice. do the “ qualified 
experts ”’ appear to include men of technical attain- 
ment. There is no suggestion here that the pub- 
licity department should design locomotives, al- 
though apparently one of them has recently been 
engaged in deciding what colour they shall be 
painted. All that is asked is that in technical 
matters the publicity department should contain 
someone with a notion of what the technical Press 
really does need. 

A few—but only a few—of the principal engi- 
neering firms have shown a practical realisation of 
this requirement, and of the fact that, in spite of 
the great increase in the numbers of technical and 
trade journals since the beginning of the present 
century, hardly any two of them are alike in their 
methods of preparing and presenting the material 
with which they deal. The same cannot be said of 
Government departments, however, or of most of 
the organisations which are the mouthpieces of the 
nationalised industries and services. Almost with- 
out exception, their staffs are drawn either from the 
ranks of the newspaper Press or from their own cleri- 
cal personnel. We recall offhand only one instance 
of ‘a publicity official in such an organisation who 
has held a responsible editorial position on a tech- 
nical journal; there are a few with some 
experience of purely trade periodicals, but that is 
not the same thing. The plain fact is that Fleet- 
street and the technical Press simply do not speak 
the same language, and, if his background is only 
that of Fleet-street, the public-relations officer who 
imagines that they do, and who insists that he 
shall be the sole intermediary between the technical 
men of the body which he represents and the tech- 
nical Press, merely complicates a task of inter- 
pretation which, in its nature, is difficult enough. 
When, as sometimes happens, he goes to the length 
of issuing ‘‘ directives ” as to how and when material 
is to be presented, it is hardly surprising if the edi- 
torial temper shows signs of caustic embrittlement. 

The remedy is simple. It is that, in the first 
place, a clear distinction should be drawn between 
the functions of a public relations officer and those 
of a Press publicity officer; the difference in the 
titles should explain sufficiently the difference 
between the respective functions. In the second 
place, the Press publicity officer should be required 
to make a personal study of the characteristics of 
individual journals ; to ascertain, by direct inquiry, 
the types of reader for which they cater; and, in 
short, to apply to the formulation of his policy pre- 
cisely the methods which every editor of a specialist 
journal must use in formulating his own. Mean- 
while, it may be suggested to those who employ 
publicity officers that they should not be too ready 
to accept the number of extracts received from 
press-cutting agencies—the ‘“‘coverage,” in the 
Jargon of the trade—as a measure of efficiency ; 
what matters is not the number of times that a 
firm’s name or products are mentioned, but who 
reads the material and what reactions it produces 
in the minds of the readers whose opinions matter 
to the firm. An article which appears only once, 
but is noted, abstracted, listed in text-books and 
works of reference, and possibly copied (with or 
without acknowledgment) in other journals all over 
the world is infinitely more valuable than one 
which is printed by a score of journals at once and 
then is forgotten. 








ELECTRICITY SUPPLY IN 
1946-47. 


THE return of engineering and financial statistics 
relating to authorised electricity supply undertak- 
ings in Great Britain for the year 1946-47* has been 
published by H.M. Stationery Office under the 
authority of the Ministry of Fuel and Power. The 
latter body, of course, comes into the picture, owing 
to the dissolution of the Electricity Commisssioners ; 
and it may be presumed that similar information 
relatithg to subsequent years will also be the 
responsibility of that department. This series of 
statistics, although suffering to some extent from 
the interval between the period to which they refer 
and their actual publication, has always been ex- 
tremely useful. It is to be hoped therefore that 
it will be continued. The method of presenta- 
tion will have to be changed, of course, and the 
details will be fewer, but as an indication of tech- 
nical and financial progress the returns can still play 
as useful a part in the future as in the past. The 
present issue shows no departure in layout from its 
predecessors of the war years and, like them, it will 
provide much useful information for future his- 
torians. It also gives the taxpayers who, after all, 
supply the financial backing for these gargantuan, 
and not always successful, bodies, with some idea of 
what is being done and at what cost or profit to 
themselves. Incidentally, it may be mentioned 
that the price has been increased by 9s. 

During the first part of the period covered by this 
return the industries of the country were still 
engaged, with some success, in the difficult task of 
switching over from wartime to peace economy. 
Towards the end of the period, however, progress 
suffered a severe check, owing to the fact that, in 
spite of numerous warnings by those responsible for 
the conduct of the electricity supply undertakings, 
the coal stocks at the stations became so de- 
pleted that it was impossible to meet demands. 
The result was widespread dislocation and incon- 
venience and a slowing down of the industrial 
machine for some weeks. The incidence of two mild 
winters since then may perhaps explain why this 
event has been so speedily forgotten by the general 
public ; and we should be disposed to agree with Mr. 
Winston Churchill that at this date recriminations 
are a waste of time, were it not for one astonishing 
fact. No mention is made of this bleak chapter in 
the history of the electricity supply industry in 
the return ; and the casual reader might, therefore, 
deduce that no incident of such outstanding import- 
ance had occurred during the year to which the 
statistics relate. This is hardly fair either to those 
at present engaged in the industry or to those who 
will be so engaged in future. 

At the end of 1946-47 there were 565 authorised 
undertakings, including the Central Electricity 
Board and the North of Scotland Hydro-Electric 
Board, holding supply powers in the United King- 
dom, of which 561 were actually giving supplies. 
This was three less than in the previous year. Just 
over 60 per cent. of the generating plant capacity, 
and the same proportion of the output, was the 
responsibility of the loca] authority undertakings, 
the remainder being in the hands of private con- 
cerns. On the same date there were 351 generating 
stations, or five less than in the year before. These 
contained, in the aggregate, 12,546 MW of generat- 
ing plant, compared with 12,320 MW in 1945-46. Of 
this total, 12,346 MW, or 98-41 per cent., generated 
alternating current. The concentration of generat- 
ing plant in large stations still continued, since the 
114 largest stations, or 32-5 per cent. of the total, 
each had an installed capacity of 25 MW, or over, 
and contained 11,355 MW of generating plant, or 
90-5 per cent. of the total plant installed. In spite 
of the incident to which we have referred in the 
previous paragraph, the total amount of electricity 
generated by the authorised undertakings, including 
the Central Electricity Board, amounted to 41,977 
million kWh, compared with 37,533 million kWh 
in 1945-46, an increase of 11-8 per cent. Nearly 
97 per cent. of this total was generated under the 





* Ministry of Fuel and Power. Electricity Supply, 
1946-47. London: H.M. Stationery Office. [Price 
1. 108. net.| 





direction of, or by, the Central Electricity Board. 
This percentage, which was slightly higher thai 
during the previous year, marked a further ste; 
towards the unified control, which has now bee: 
undertaken. The output may be compared wit! 
that of 1944-45, when it amounted to 38,245 mil- 
lion kWh, the highest figure previously recorded. 
It is fair to add that during 1946-47 the output 
would have been still higher, but for the various 
restrictions that were imposed on consumption. 
The addition of supplies from outside sources 
brought the gross public supply up to 42,224 mil- 
lion kWh, compared with 38,091 million kWh in 
1945-46, an increase of 10-9 per cent., which is 
equal to many pre-war figures. The sales to con- 
sumers were 35,059 million kWh, of which power 
accounted for 51 per cent. and domestic supplies 
(lighting, heating and cooking) for 44 per cent. It 
is interesting to note that the corresponding figures 
for 1945-46 were 56 and 39 per cent., while in 
1944-45 they were 62 and 34 per cent. The actual 
consumption for power was approximately the same 
in 1945-46 and in 1946-47. 

Although supply on the alternating-current system 
is becoming almost universal, some consumers are 
still being supplied with direct-current. This is 
shown by the fact that while 553 undertakings gave 
alternating current supplies no less than 234 of these 
also supplied direct-current. Five other under- 
takings furnished only direct-current supplies. 
About 10-6 million consumers were supplied from 
alternating-current systems and about 900,000 from 
direct-current systems. All but two of the all 
takings supplying alternating-current operated on 
the Peta nl The aggregate of the individua] 
maximum loads of the undertakings, based on 
electricity generated and/or purchased, was about 
13,250 MW ; and about 11,188 MW when based on 
the generating stations of the undertakings, includ- 
ing the Central Electricity Board. It may be noted 
that the corresponding figures for 1945-46 were 
12,277 MW and 10,837 MW, respectively. The 
change in conditions between the two years, how- 
ever, is better indicated by the figure for collective 
load factor, which was 39-5 per cent. in 1945-46 
and 42-8 per cent. in 1946-47. This-is perhaps 4 
sign that productive effort is increasing after some 
relaxation. 

As regards operating and financial data, the return 
shows that the coal and coke consumption during 
1946-47 amounted to 25,963,000 tons (including 
4,971,000 tons of pulverised fuel). The consump- 
tion in 1945-46 was 23,031,000 tons (including 
4,323,000 tons of pulverised fuel). Prices, however, 
still continued to rise and the cost of coal increased 
from 44s. 3d. per ton in 1945-46 to 45s. 9d. per ton 
in the year under review. The attempt to relieve 
the coal situation is illustrated by the fact that the 
consumption of oil fuel increased from 19,992 tons 
in 1945-46 to 38,613 tons in 1946-47, the greater 
part of this increase being due to the fact that 
24,317 tons were used for boiler firing, compared 
with 7,255 tons in the previous year. The average 
cost of this fuel, however, fell from just over 101. to 
71. 28. per ton. 

The total expenditure charged to capital account 
at the end of 1946-47 was 838,115,0001. compared 
with 794,600,000/. at the end of 1945-46. The net 
capital expenditure during the year was 43,516,0001. 
compared with 19,199,000/. in 1945-46, thus illustrat- 
ing the efforts that are being made to overcome plant 
shortages. The total revenue of all the undertak- 
ings was 175,690,0001. compared with 157,836,000/. 
in 1945-46. This represented an average of 1-203d. 
per kilowatt-hour sold in 1946-47 compared with 
1-196d. in the previous year. The total working 
expenses in 1946-47 amounted to 121,688,000/. com- 
pared with 102,978,000/. in 1945-46. and absorbed 
69-3 per cent. of the revenue as against 65-2 per 
cent. in the previous year. The works cost of 
generation accounted for 58 per cent. of the total 
working costs, compared with 59 per cent. in 1945-46 
while the average working expenses per 1001. of total 
capital expenditure were 14-5/. compared with 12-91. 

It may be emphasised that these statistics relate 
solely to authorised undertakings giving a supply of 
electricity to the public. The output of the numer- 
ous private stations which supply power to railways, 
collieries and factories is not included. i 
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NOTES. 


Tue 8.8. ‘* Maapatena.”’ 


Tue disaster which has overtaken the new Royal 
Mail liner Magdalena on her maiden voyage, if not 
entirely without precedent in shipping history, is of 
a character and a magnitude sufficiently unusual to 
attract world-wide attention. The Magdalena, 
which sailed from the Thames on March 9, was on 
her way homeward from Buenos Aires and making 
for Rio de Janeiro when, about 15 miles from Rio, 
she struck a rock and was badly holed in the region 
of No. 3 hold, between the bridge and the main 
superstructure. The passengers were taken off and 
the ship lightened, and, some hours later, she was 
refloated and towed stern-first in the direction of 
Rio. There was a heavy swell running, however, 
and the working of the ship among the waves gradu- 
ally extended the fracture until, when she was in 
sight from the water-front at Rio, the hull broke in 
two. The fore end sank in the harbour entrance 
and now lies with the deck awash. The after part, 
containing the propelling machinery, remained 
afloat and eventually was beached. Fortunately, 
there was no loss of life. Present indications are 
that the after part can be salved, though, obviously, 
the task of towing it to a repair yard or taking out 
and adding a new fore end is one of considerable 
technical difficulty. There will be general sympathy 
with the owners, the Royal Mail Lines, the builders, 
Messrs. Harland and Wolff, Limited, and the master, 
Captain R. D. Lee, at this regrettable termination 
to a voyage which, when it began, was regarded as a 
shipping event of more than usual moment. 


THe James CLAYTON LECTURE. 


At a general meeting of the Institution of Mech- 
anical Engineers held at Storey’s Gate, London, 
8.W.1, on Friday, April 22, Dr. E. G. Bailey, a 
past-president of the American Society of Mechanical 
Engineers and an honorary member of the Insti- 
tution, gave the James Clayton Lecture, entitled 
“Invention and the Sifting-Out of Engineering 
Facts.” The chair was taken by the President, 
Dr. H. J. Gough, F.R.S., who formally weleomed 
Dr. Bailey as an honorary member of the Institu- 
tion ; the honorary membership was conferred upon 
him in 1945, but this was his first visit to London 
since then. Dr. Bailey entered his signature in the 

embers’ book and received a certificate 

from the President. At the conclusion of the meet- 
ing, it was announced that the Council had conferred 
honorary membership on Sir Harry R. Ricardo. 
B.A., LL.D., F.R.S., past-president of the Insti- 
tution. In his lecture, Dr. Bailey discussed the why 
and the wherefore of invention and referred to his 
own experience. There was evidence, he said, that 
greater impetus for invention was needed in the 
basic industries to maintain and advance the 
present standards of living. Inventions of the basic 
type, which were responsible for the Industrial 
Revolution, were now tending to decrease. Although 
in the United States the patent rights of inventions 
made by employees are usually vested in the 
employer, he believed that ideas were not withheld 
on that account. Dr. Bailey, whose lecture was 
addressed largely to the younger members, gave 
some good advice on the methods of invention, 
referring in particular to that curious phenomena 
of the human mind—the intuitive “‘ flash,”’ offering 
the solution to a problem after a long period of 
inquiry. After recalling his own experiences, 
especially on boilers and associated equipment, he 
8 opportunities for future invention. He 
thought that the greatest opportunities lay with 
processing methods, “not only new chemical 
compounds, but also iron, steel, cement, insulating 
and building materials, refractories, gas from coal, 
and heat from coal for purposes other than those 
now considered possible.” Instrumentation was 
another sphere of invention which offered many 
unities. In conclusion, Dr. Bailey contrasted 

the popular faith in engineers and their works 
with the lack of a rational understanding of human 
nature. A vote of thanks to the lecturer was pro- 
posed by Sir Claude Gibb, F.R.S., seconded by Dr. 
S. F. Dorey, F.R.S., and carried by acclamation. 








Tue Iron anp Sree. InstiTure. 


The 80th annual general meeting of the Iron and 
Steel Institute was held on Wednesday, April 27, 
at the Central Hall, Westminster, and on Thursday, 
April 28, at the Institution of Mechanicai Engineers, 
London. We intend to give our usual reports of the 
official business and the technical discussions in our 
next and future issues, but, in the present note, 
deal only with the presentation of awards and 
medals on the morning of the first day. When 
handing the Bessemer Medal for 1949 to Professor 
J. H. Andrew, D.Sc., the President, Sir Andrew 
McCance, D.Sc., F.R.S., said that, after being trained 
at the University of Manchester, Professor Andrew 
had gained industrial experience in the works of 
Sir. W. G. Armstrong, Whitworth and Company, 
Limited, where he remained for a number of years 
before entering the scholastic profession. His first 
post in an educational institution had been that of 
Professor of Metailurgy at the Royal Technical 
College, Glasgow. After serving in that capacity 
for twelve years he had been appointed Professor of 
Metallurgy in Sheffield University, which position 
he still held. Professor Andrew had early turned 
his attention to research and had published numer- 
ous papers on a variety of metallurgical subjects. 
In acknowledging the honour conferred upon him 
by the Institute, Professor Andrew recalled that it 
was 45 years since he had first taken up the study of 
metallurgy. In recent years the co-operation be- 
tween science and industry had become increasingly 
close, and, of the many steelworks men who had 
given him great help and encouragement he could 
mention only two by name, namely, Mr. W. J. 
Dawson, C.B.E., and Mr. H. H. Burton. He was 
also greatly indebted to his staffs and research 
workers at Openshaw, Manchester, Glasgow and 
Sheffield. The other tations of awards in- 
cluded that of the Sir Robert Hadfield Medal, for 
1949, to Mr. M. W. Thring, head of the physics Sec- 
tion of the British Iron and Steel Research Associa- 
tion, in recognition of his studies on the theory of 
heat transfer in the open-hearth furnace ; and the 
Williams Prize of 100/., for 1948, to Mr. J. S. Bryan, 
of the Morgan Crucible Company, Limited, and for- 
merly of Messrs. John Lysaght’s Scunthorpe Works, 
Limited, for his paper on ‘‘ Gaseous and Liquid 
Fuels at Iron and Steel Works,” of which he was 
Joint author with Mr. J. B. R. Brooke, who, on 
account of his position as director and general 
manager, was not eligible for the award. Finally, 
Ablett Prizes for 1948, of 501. each, were presented 
to Mr. G. S. Martin, of the Lanarkshire Stee] Com- 
pany, Limited, and Mr. M. Y. Harvey, of Messrs. 
Colvilles Limited, for their paper on ‘‘The Main- 
tenance of Electrical Machinery in Iron and Steel 
Works.” 


INSTITUTION OF ELECTRICAL ENGINEERS. 


Proceedings at the meeting of the Institution of 
Electrical Engineers, on Thursday, April 21, began 
with the tation of the Valdemar Poulsen 
gold medal of the Danish Academy of Technical 
Science to Sir Edward Appleton, G.B.E., K.C.B., 
F.R.S., for his outstanding contributions to radio 
techniques and particularly for his researches on 
the ionosphere. In making the presentation, His 
Excellency the Danish Ambassador (Count Eduard 
Reventlow) recalled that the medal was instituted 
in 1939, the first recipient being Poulsen himself. 
Sir Edward’s work had been followed in Denmark 
with interest and admiration, and Danish scientists 
greatly valued the assistance and inspiration he had 
given them. In reply, Sir Edward Appleton said 
he hoped that the award would give pleasure to all 
who had been associated with him in his work. It 
was a great honour to have his name linked with 
that of Poulsen, who was a pioneer in the production 
of continuous radio waves, in radio telephony and 
in the recording of sound on steel wire. The 
President (Mr. T. G. N. Haldane) then handed the 
certificate of honorary membership of the Institution 
to Mr. J. M. Donaldson. Mr. Donaldson, in return- 
ing thanks for the honour, said he was the more 
gratified by it because he had always felt that the 
electricity supply engineer had not had the apprecia- 
tion and recognition which his work deserved. He 
had in mind particularly the old-fashioned type of 
supply engineer who used to design and run generat 





ing stations and was responsible for everything from 
the supply of coal to the consumer’s terminals. All 
these men had gone ; those who ran the Areas now 
dealt with the supply side only, while the power sta- 
tions were under the divisional controllers. Tosome 
this appeared the wrong system, but it seemed to be 
working well, largély due to the selective skill of 
those at the top. The President finally presented 
the Faraday Medal to Mr. C. 8. Franklin for his 
distinguished work in radio engineering, in particular 
for his original studies on short-wave transmission 
and reception and for his invention of the beam 
aerial. In thanking the Institution for the award, 
Mr. Franklin said that nearly all his life had been 
spent in the service of the Marconi organisation, to 
many of whose members, including the late Marchese 
Marconi and Mr. Andrew Gray, he wished to pay 
tribute for their encouragement and help. On the 
conclusion of these three ceremonies the 40th 
Kelvin Lecture was delivered by Professor N. F. 
Mott, F.R.S., who took ‘‘ Semi-Conductors and Rec- 
tifiers ” as his subject. We are proposing to deal 
with this in a forthcoming issue. 


Tue InstrruTiIon oF CHEMICAL ENGINEERS. 


The question of education in chemical engineering 
is given prominence in all the deliberations of the 
Council of the Institution of Chemical Engineers. 
In this connection it is stated in their report, which 
was presented at the Institution’s 27th annual 
corporate meeting, held at the May Fair Hotel, 
London, on Apri! 22, that negotiations are still in 
progress with the Ministry of Education and the 
Royal Institute of Chemistry, with the intention that 
Ordinary and Higher National Certificates in Chemis- 
try may be endorsed with regard to extra subjects 
taken, and countersigned by the Institution in 
respect of chemical-engineering subjects. This 
arrangement, it is pointed out, is a counterpart of 
that already existing in regard to Ordinary and 
Higher National Certificates in Mechanical Engi- 
neering. The Council emphasise, however, that they 
regard these proposals as a temporary expedient 
and that the establishment of Ordinary and Higher 
National Certificates in Chemical Engineering, as 
such, is to be hoped for in the near future. The 
report of the Council, covering the calendar year 
1948, also records that the roll of members has shown 
a net increase of 119 during the year, the actual 
figures being 2,126 members on December 31, 1948, 
against 2,007 on December 31, 1947. During 1948, 
the Council received with regret the notification 
of the deaths of Dr. William Cullen, a past-president ; 
Mr. W. S. Milne, and Mr. K. B. Quinan, C.H., a 
past vice-president. The accounts of the Institution 
show that the income for 1948 was 8,695/., as com- 
pared with 7,664/. in 1947, and the expenditure, 
8,6811. in 1948 and 7,645. in 1947. It is added that 
the substantial increase in revenue is more than 
offset by the increased cost of printing and other 
charges. The annual dinner, held in the evening 
of April 22, at the May Fair Hotel, brought the 
27th corporate meeting to a close. The President, 
Mr. H. W. Cremer, C.B.E., occupied the chair and 
the principal speaker was Sir Charles Darwin, 
K.B.E., F.R.S., who, in proposing the toast of the 
Institution, paid tribute to the work done by Mr. 
Cremer in having chemical engineering i 
as a subject by a number of educational institutions 
in this country. The toast of the guests was pro- 
posed by Mr. C. S. Garland and replied to by Sir 
John Cockcroft, C.B.E., F.R.S., while Dr. Herbert 
Levinstein proposed the health of the President. 
At the end of the evening, Mr. Cremer invested his 
successor, Professor D. M. Newitt, F.R.S., with the 
presidential chain of office. 


Tue Junior INSTITUTION OF ENGINEERS. 


The annual dinner of the Junior Institution of 
Engineers, which was held on Friday, April 22, at 
the Connaught Rooms, London, W.C.2, under the 
chairmanship of the President, Sir Noel Ashbridge, 
was notable not only for the fact that, in a succession 
of good speeches, no one questioned the origin or 
applicability of the Institution’s title ; it was the 
first at which a past-chairman (Mr. W. A. Tookey, 
who once again fulfilled his familiar role of toast- 
master) has been able to join in toasting his son 
(Mr. G. W. Tookey, K.C., A.C.G.I.) as holder of the 
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chairmanship of the Institution. It may be re- 
marked, incidentally, that twice, in its 65 years of 
vigorous life, a son has followed his father in the 
presidency, that office having been held by the late 
Sir Archibald Denny and by Sir Maurice Denny, 
and by the late Professor Sir J. J. Thomson and by 
Sir George Paget Thomson. The loyal toast having 
been honoured, Mr. A. S. Quartermaine, C.B.E., 
vice-president of the Institution of Civil Engineers, 
who was deputising for his President, proposed that 
of “The Institution,” remarking that few 
institutions could boast of such a wide range of 
interests as the ‘‘Juniors”—which was well 
exemplified by the fact that its present chairman, 
though trained as an engineer, had just been made a 
King’s Counsel. Mr. G. W. Tookey, in reply, 
thought that an engineering training might be of 
service to those who framed laws as well as to those 
who endeavoured to interpret them, for there was 
some recent legislation, he felt, which could be 
expressed (and, perhaps, understood) more readily 
by means of graphs than words. He referred also 
to the friendly collaboration between the Maudslay 
Society and the Institution (which was founded, in 
1884, as an association of the apprentices of Mauds- 
lay, Sons and Field) whereby the Juniors would be 
enabled, in the near future, to award a scholarship 
of 100/.fper annum in memory of Henry Maudslay. 
The toast of ‘‘ Radio Engineering and Broadcast- 
ing,” which followed, was proposed by Sir Edward 
Appleton, F.R.S. (honorary member), who spoke of 
the great contributions which this country had made 
to the science of radio transmission in providing the 
first radio communication from Cornwall to New- 
foundland, the first long-distance broadcasting 
system, and the first public television service. Sir 
Noel Ashbridge, who replied, emphasised the close 
link between the physicist and the radio engineer, 
and the great. amount of varied engineering skill 
and knowledge required to maintain an organisation 
such as that of the British Broadcasting Corpora- 
tion ; for instance, he said, the B.B.C. now pos- 
sessed seven miles of aerial masts. The toast of 
“The Guests,” proposed by Mr. S. J. Crispin (vice- 
chairman) was responded to by the Mayor of West- 
minster (Councillor Hal Gutteridge, M.I.Mech.E.) 
and Mr. T. G. N. Haldane, M.A., President of the 
Institution of Electrical Engineers ; and, as is the 
J.LE. custom, the proceedings closed with a toast 
to Sir Noel Ashbridge, as chairman of the dinner, 
and the singing of “‘ Auld Lang Syne” (with the 
careful regard to the correct. procedure which was 
drilled into the Sassenach members more than 20 
years ago by the then President, Sir Murdoch 
MacDonald). 


Tue Dreset Enarne Users ASSOCIATION. 


The annual luncheon of the Diesel Engine Users 
Association was held at the Connaught Rooms, 
London, on Thursday, April 21, the President, Mr. 
W. Howes, being in the chair. The toast of ‘‘ The 
Guests ” was proposed by the President, who recalled 
that the Association was formed 40 years ago, the 
first meetings having been held in a London tavern. 
Since that time the Diesel engine had been deve- 
loped considerably ; likewise, the association had 
developed and now included members from many 
different industries. Mr. Howes then thanked the 
authors of the many interesting papers which had 
been read before the association during the past 
year. These were, perhaps, of more practical than of 
academic interest but the D.E.U.A. was essentially a 
practical association and he was sure that the papers 
had proved of great value to the members. During 
the course of his speech, the President took the 
opportunity of paying tribute to the late Mr. E. P. 
Paxman. The reply was made by Rear-Admiral (E) 
W. G. Cowland, Deputy Engineer-in-Chief, Admir- 
alty, who, in the course of an entertaining speech, 
peinted out that although the Association had been 
formed to help the users, it also had helped the 
manufacturers and, by means of an anecdote, showed 
that the success or failure of the Diesel engine rested 
largely with the user. The toast “‘ Founders and 
Old Members ” was proposed by Mr. Clifford Green, 
who said that the Association was started in a spirit 
of friendship to give mutual help during the early 
days of the Diese! engine, and he hoped that it would 
progress on the lines originally laid down. The 


LETTER TO THE EDITOR. 


THE METRIC SYSTEM. 


To THe Eprror oF ENGINEERING. 


Smr,—I have just read with interest (and complete 
amaze) the paper contributed to the British Asso- 
ciation’s Brighton meeting by Mr. Percy Good, and 
reprinted on page 319 of your issue of October 1, 
1948. How anyone of such high standing in such 
matters can solemnly argue, in this day and age, 
that the British system is superior in any single 
respect to the metric is astounding indeed ; and to 
suggest with apparent seriousness, as he does in the 
last paragraph, that the present generation should 
fight a kind of determined rearguard action for the 
continued infliction of our traditional system on 
the suffering world of commerce is surely reactionary 
thinking of the worst possible kind. 

Take, for instance, the Chinese, at once the most 
practical, and yet the most resistant to foreign 
ideas, of any people.’ ‘They had a system of weights 
and measures even more traditional and comic-opera 
than our own. On top of all the strange units, not 
only did the value of these units alter according to 
the district, but even the relation between each unit 
and its sub-units varied greatly ; for instance, the 
weight of a picul varied throughout the country and 
the number of catties in a picul depended entirely 
on local tradition. Also, I think this is the only 
country in the world in which, at one time, 100 cents 
did not necessarily make one dollar. 

Well, in 1933, I think it was, the now expiring 
Nanking Government was near its prime and was 
turning out some excellent legislation, among which 
was a Weights and Measures Act. This was very 
cleverly devised to clear up all the confusion and to 
introduce the metric system, which was considered 
—quite rightly, in my opinion—to be the best. 
Do not forget that the British system was fairly 
commonly understood and used in the trading 
centres, and it would have been far easier to adopt 
this. 

The conversion was arranged in two stages, first 
from the old units to standard market (Shih) units 
and then from the Shih units to the official (Kung) 
units—the Metric System. Unfortunately, the 
Japanese struck before this process was completed, 
so we are still largely in the Shth-unit stage. As an 
example, the old Chinese foot (chih) varied in length, 
I believe, from 10 to 15 English inches, depending 
on the locality and, in some cases, on the material 
involved (the baker’s dozen principle). This chih 
was converted to the shih chih, or market foot, 
which equalled 4m. The kung chih, or official foot, 
was three shih chih, or 1 m. For the reason given 
above, the shih chih is still in common use, though 
the kung chih is well understood. 

Take, again, the weight measure—the catty 
(chih). In some parts of China, 100 chih made up 
one tan (or picul) and quite commonly this picul 
weighed 133 English pounds, so let us call a catty 
1}1b. This was converted to the shih chih, or market 
catty, equal to 500 grammes or 1-102 Ib. The 
kung chih is two shih chih and is 1 kg. This is now 
the standard unit of weight. 

It will be appreciated that, by comparison with 
the headaches of the Chinese Government, our 
change over to the metric system would be a very 
simple matter. What would be the real objection 
to the crown as the unit of currency, for instance ? 
It would be very simple, surely, to turn a half-crown 
into 50 cents, a shilling to 20 cents and a sixpence 
to a dime. When the howl of outraged tradition 
had died down, it would be found to be a great help 
to the “daily petty mental arithmetic which forms 
the mathematics of the millions,” and unborn 
generations would call us blessed. 

Mention is made of the time wasted at school in 
learning the British weights and measures. How 
very true. Who does not have hazy memories of 
struggling with strange things called rods, poles 
and perches, and how many in a thousand have the 
remotest idea in later years what these expressions 
mean? Of course, all this is a complete waste of 
time—the same sort of waste of time as Churchill 
experienced in trying to fathom the true meaning 





reply was made by Mr. C. O. Milton. 








wasting their time in just this way, and at consider. 
able expense, my feelings are somewhat personal. 

Consider the die-hard effect of tradition. The 
East Africa Currency Board went the whole hoy. 
One pound was called 20 shillings and the shilling 
was decimalised to cents. As far as I know, this 
has worked well for years, though I admit it was a 
shock at first to see the price of a car, in a show 
window in Mombasa, expressed in thousands of 
shillings. In West Africa, the shilling is not deci- 
malised, but the ‘‘ pound ”’ note is called ‘‘ Tweniy 
Shillings ’” and nowhere on it does the word “‘ One 
Pound” occur. In spite of this, business in these 
parts of Africa has been unable to shake off the old 
tradition, and, when it is necessary to record 
quantities of shillings, it is the invariable custom to 
record them in two columns, pounds and shillings. 
All this does is to double the clerical work and the 
chance of error, while achieving no useful purpose 
whatsoever. 

Mr. Good states that the British system enables 
people to think more quickly. If he is able to arrive 
at the price of so many cwt., quarters and Ib. of 
coal at so many pounds, shillings and pence a ton 
more quickly than that of so many kilos at. so-and-so 
dollars and cents, he must be a remarkable man 
indeed. Maybe our ancestors had 12 fingers in 
some remote past age,* but how they got 112 lb. 
into one hundredweight is difficult to understand. 

Of course, it would be foolish to deny that the 
** half” and the “‘ quarter ’’ are very easily compre- 
hended by the simplest minds, but I fail to see how 
this is an argument against the metric system. In 
the United States, 25 cents is commonly referred to 
as ‘‘a quarter.” Why not? The picture changes 
when we get to the smaller divisions. Can it be 
shown that one-eighth Ib. is more easily understood 
than one-tenth lb. ? Of course not. The fact that the 
Americans often call a quarter ‘‘ two bits’ is not 
the expression of a sub-conscious desire to divide 
this perfectly sensible decimal dollar into eighths, 
but derives, I believe, from an even older unit of 
currency—the piece of eight. Which is the more 
easily visualised by the layman, a brass sheet 
¥%-in. thick, or one 2-mm. thick? The briefest 
acquaintance with the millimetre is enough to make 
the dimension ‘‘2 mm.” a living thing, but the 
average man, even though he has lived with inches 
all his life, has to pause and think what “ three 
thirty-seconds ”’ looks like. 

Take also the ‘‘third.’”” How cam anyone argue 
that this is a ‘‘ natural ’’ sub-division ? Who ever 
thinks of 4d. as ‘‘ a third of a shilling ?”’ Have you 
ever seen a hostess at a children’s party trying to 
divide buns into three equal parts ? Halve them— 
easy ; quarter them—no difficulty in that ; but see 
what happens when the children have to be con- 
vinced that the thirds are equal to each other. 
They never are. Trisection is perhaps one of the 
most “‘ unnatural ’’ minor activities of man. 
To suggest to the metric countries that they 
should alter the length of a metre to suit our yard 
and the weight of a kilogramme to equal 2 lb. is 
rich insularity indeed. Why should we not alter 
our yard to suit the metre—or more sensibly, use 
the metre and be done with it? With all due 
respect to Mr. Good, I am afraid he is off on the 
wrong foot here. These are revolutionary times. 
The reactionary attitude will get us nowhere. 
I hope this letter gets to you. It may be your 
first from Communist China. 
Yours faithfully, 
C. K. CROOKSHANK. 
The Kailan Mining Administration, 
Tongshan, North China. 
January 20, 1949. 





ALLOCATION OF RADIO WAVELENGTHS.—According 
to The Times, the United States, Russia and the eastern 
European nations have refused to sign an international 
broadcasting ag t adopted by the 69-nation radio 
conference held in Mexico City. One reason for the 
American rejection is that the agreement gives Russia 
three times as much air time as the United States. Russia 
was allocated a large proportion of broadcasting time as 
the largest single country with the biggest population 
and 16 official languages. 


* Not so remote; the founder of ENGINEERING— 











of ‘‘ Mensa, O Table!”” As my two sons are now 


Zerah Colburn (1837-1870)—had 12 fingers.—Ep. E. 
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THE INSTITUTION OF 


NAVAL ARCHITECTS. 
(Continued from page 377.) 

Tue second of the two papers presented on 
Thursday morning, April 7, in the course of the 
Spring Meeting of the Institution of Naval Archi- 
tects, was on the subject of “‘ Interaction Between 
Ships,” the author being Professor A. M. Robb, 
D.Sc., Member of Council. It bore the sub-title of 
“ 4 Record of Some Experiments, and Evidence on 
Wall Effect,” and described some ad hoc research 
work undertaken in connection with the collision, in 
1942, between the Cunard White Star liner Queen 
Mary and the cruiser H.M.S. Curacoa, in which the 
latter vessel was run down and sunk. 


INTERACTION BETWEEN SHIPS. 

Evidence having been given in the Admiralty 
Court which indicated that the course of the 
Curacoa might have been affected by the proximity 
of the much larger Queen Mary, a series of experi- 
ments was carried out by the Ship Division of the 
National Physical Laboratory, on “behalf of Cunard 
White Star, Limited, to ascertain whether there 
was any justification for this supposition. The 
models of the ships were made to the scale of 
1: 56, the length of the Queen Mary model being 
rather more than 18 ft. and that of the Curacoa 
model rather more than 8 ft. The Curacoa model 
was self-propelled, but that of the Queen Mary 
was not, although it was equipped with a motor 
and propellers for use if this was deemed necessary. 
The Curacoa model was constrained by rods from 
the dynamometer carriage while the propellers 
were accelerated, the rods being withdrawn when 
the model had reached the desired speed. The 
subsequent positions of the Curacoa model were 
recorded by a cinematograph camera on a platform 
about 11 ft. above the model. Due to some lack 
of symmetry in the hull or slight difference between 
the propellers, the model had a tendency to swing 
to port (i.e., towards the Queen Mary model’s 
course), and this had to be corrected by starboard 
helm, which was made somewhat excessive to avoid 
exaggerating any mutual attraction that might be 
observed. As the Queen Mary model had to over- 
take the Curacoa model, it was towed by a rope 
which was reeled on to a drum driven by gearing 
from an axle of the dynamometer carriage ; and it 
was guided by rails under the carriage to ensure 
that it maintained a straight course. The behaviour 
of the Curacoa model was found to be affected by 
the wall of the tank at all distances from 7-7 ft. 
to 11-3 ft., the influence tending to deflect the 
model away from the wali, though the model was 
clear of reflected waves at ail times. The inter- 
action experiments proved very interesting. In 
some cases, the Curacoa model was drawn in 
lateraily to the Queen Mary model, while main- 
taining a paralle] course, until there was a side-to- 
side collision; but in others the Curacoa first 
steered towards the Queen Mary and then was 
repelled. In general, it was found that there was 
a clear possibility of interaction, even in practically 
unrestricted water; and that, although the effect 
of interaction might be appreciable at a considerable 
distance laterally, the consequences might not be 
serious if the interaction was initiated when one 
ship was close astern of the other. It was in these 
circumstances that the overtaking ship might pass 
ahead and transform attraction into repulsion 
before the vessels came into dangerous proximity. 
Professor Robb illustrated his paper with a cine- 
matograph film, showing the method of measuring 
the relative positions of the models. 


Mr. R. W. L. Gawn, in opening the discussion, 
said that it was 36 years since a paper had been 
presented to the Institution dealing directly with 
interaction between ships.* Full details were pub- 
lished some years later of the results of model 
experiments at the National Physical Laboratory, 
relating to the investigation of the collision between 





* “ Experiments on Suction or Interaction bet 


H.M.S. Hawke and the White Star liner Olympic. 
The investigation in Professor Robb’s paper also 
related to interaction between a cruiser and a 
liner, but there were important differences. In 
the previous case, the interaction effects were 
intensified by shallow water, whereas Professor 
Robb’s experiments ap to relate to deep 
water and greater speed, namely, 25 and 26} knots. 
The higher speed naturally resulted in an increase 
in the lateral forces and swinging moments involved, 
but, apart from any modification to the pressure 
field due to the wave system, the general pheno- 
menon was the same as at lower speeds. Higher 
speed also required quicker response, which was 
reflected in full measure in the model experiments. 
Owing to the small scale, the time was reduced in 
the ratio of about 7} to 1, and that, combined with 
the high speed, meant that special precautions must 
be taken to ensure accurate records. Another 
feature of high speed was that significant forces 
might obtain at correspondingly large separations. 
Mr. Gawn referred to a paper he had presented to 
the Institution three years ago,* which gave some 
eyidence as to the large distance at which the 
effects of the pressure field around a ship might be 
significant. When commenting on interaction at 
large separation, the author had cast more than a 
doubt on Sir Horace Lamb’s investigation of the 
effect of wall interference on the resistance of a 
model. Mr. Gawn asked for some further explana- 
tion ; a statement of the magnitude of the changing 
velocity in the field of flow, or some remarks on the 
magnitude of the interaction forces and couples 
would be helpful in that respect. Finally, he com- 
mented on the use of the obsolete term “helm ” 
and the modern term “rudder” in the paper, 
suggesting that the double terminology was con- 
fusing, and could be dangerous when dealing with 
ships in company. 

Captain J. P. Thomson said that collisions had 
taken place in convoys in two wars during darkness 
and dense fogs; many of them were beam-on, yet, 
to his knowledge, interaction was never mentioned 
as being the cause. He had discussed the matter 
with Captain H. C. Archer, O.B.E., who had com- 
manded the motorship San Adolfo from 1939 to 
1946, when employed in refuelling battleships under 
way. The San Adolfo was of 15,400 tons displace- 
ment, 442 ft. between perpendiculars, 60 ft. beam 
and drawing 26 ft. Among the numerous vessels 
fuelled at sea were the battleships Howe, King 
George V and Duke of York, with a displacement 
of 35,000 tons, a length of 739 ft. 8 in., beam 103 ft. 
and draught 27 ft. 8 in. The practice in oiling was 
for the battleship to steam at a steady 10 knots. 
The tanker took station on the battleship’s star- 
board beam, closing in to 100 ft., 60 ft., and, finally, 
40 ft. At 40 ft., a wave was built up between the 
ships, rising to a height of 15 ft. amidships, and 
the San Adolfo carried about 15 deg. to 20 deg. 
port helm, which was, no doubt, caused by the 
wedge of water built up between the two vessels. 
It was necessary always to guard against the bow 
going out and the stern swinging in. Another 
captain had given his experience of transferring oil 
from his vessel, a sister ship of the San Adolfo, to 
another sister vessel by the beam oiling method. 
That was done at a distance of 50 ft. to 70 ft. Both 
vessels steamed at 10 knots and took helm both 
ways. There was no interaction evident. It 
appeared, therefore, that the practical seaman 
regarded interaction in deep water as an inter- 
esting legal argument which was not borne out in 
practical experience. 

On the other hand, interaction, suction or wash 
was present in a narrow channel and in ship canals, 
such as the Manchester Ship Canal. Captain 
Thomson had recently noted the behaviour of the 
San Adolfo when moored to a wharf in the Man- 
chester Ship Canal. The draught was 26 ft. forward 
and aft, and the depth of water in the berth was 
28 ft., giving 2 ft. of water under her bottom. 
A vessel named the Yankee Clipper, about 500 ft. 
long, was approaching at about 2 knots, having a 
tug fast forward and another made fast aft. When 
the distance between the approaching vessel and 





Passing Vessels,” by Professor A. H. Gibson and J. 
Thompson Hannay. Trans. I.N.A., vol. 55, page 61; 
and ENGINEERING, vol. 96, page 238 (1913). 


* “Some Model Experiments in connection with Mine 
Warfare.” Trans. I.N.A., vol. 88, page 148; and 





ENGINEERING, vol. 162, page 449° (1946). 


the San Adolfo was about 500 ft., the latter had 
ranged towards the approaching vessel, straining 
her moorings in an alarming manner. When the 
two vessels were abeam, the San Adolfo commenced 
to move in the opposite direction, again straining 
her moorings to a breaking point. The draught of 
the Yankee Clipper was about 14 ft. forward and 
18 ft. aft. For damage claims in the Canal (“‘ wash” 
damage, it was usually called), it was always alleged 
that the moving vessel was ing at excessive 
speed. He believed it was not so much the speed © 
as the forces which were set in motion by the mobile 
ship, even if proceeding at the slowest speed con- 
sistent with safe navigation. There was a volume 
of water which sought a way of escape in various 
directions, and that reacted from the side of the 
Canal and also under the ship’s bottom. There 
was a further complication by the displacement and 
wash from the paddles or screws of the tugs. It 
would be interesting to know at what width of 
channel and depth of water the interaction became 
apparent ; there was room for very close study of 
that side of interaction. 

Mr. W. C. 8S. Wigley, M.A., said he had hoped 
that Professor Robb would have found time to 
compare, roughly\at any rave, the results obtained 
in the experiments with calculations made on the 
basis of, say, Professor T. H. Havelock’s paper on 
the mutual action of two bodies. It seemed to 
him that such a set of experiments had two uses ; 
first, there was its obvious use in dealing with the 
question of the Curacoa and the Queen Mary, and, 
secondly, it could be used to check the theory, to 
find out how nearly theory approximated to the 
truth, so that it could be used again in other cases. 

Sir Amos L. Ayre, K.B.E., was not satisfied that 
interaction was the cause of any of the recorded 
collisions ; indeed, he would like to see a clear-cut 
definition of interaction. He did not know whether 
it was due entirely to the two bodies having some 
interaction between them, or if and to what 
extent the propulsive factors, such as the pro- 
pellers, came into the matter. He had looked for 
interaction not only in deep water, but in the 
Thames. In the case of two steamers operating 
where the water was quite restricted, as in the 
Thames, perhaps One steamer overhauling the other 
—and, incidentally, in shallow water—he could not 
see any sign of interaction.’ However, he was 
prepared to accept what was stated in the paper, 
for, after all, it gave a true record of the experi- 
ments. He recalled the evidence of the Commander 
of the Curacoa and suggested the possibility was 
that his rudder was 16 deg. to starboard, and that, 
at a certain moment, the engines of the cruiser 
were put astern, with the result that the force 
acting on the rudder swung the vessel across the 
bows of the Queen Mary and there was a collision. 
That was a possibility also, in a case where a 
Hamburg-Amerika liner coming through the Straits 
of Dover had sunk a British submarine, and in the 
case of the Hawke-Olympic collision, where the 
rudders of the liner and of the Hawke were to 
starboard and the engines were put astern. 

Professor Robb, in his reply to the discussion, 
said he had deliberately avoided any application of 
his experiments.* He believed that there was 
evidence of interaction in deep water. He had 
seen it only once; it was very dramatic, but it 
was not until the experiments he had described 
were carried out that he had realised what had 
happened. The occasion was about 33 years ago, 
when he was on board a ship coming up a straight 
channel in the Middle East. He saw a heavily- 
laden transport sheering into his ship at a fairly 
considerable speed, but she had sheered away with 
incredible velocity. He could not have imagined 
that a 400-ft. tramp, displacing about 11,000 tons, 
would sheer away so quickly. The whole story 
could be seen fairly clearly on one of his diagrams, 
showing attraction followed by repulsion. 

The President (Admiral of the Fleet Viscount 
Cunningham) commented that, “as a user having 
some small experience,” he had always had con- 
siderable doubt about interaction, and he was 
still not convinced. He was much in agreement 
with Sir Amos Ayre concerning the cause of the 
collisions mentioned. 





(Zo be continued.) 
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THE INSTITUTE OF 
METALS. 
(Continued from page 378.) 


WE continue below our report of the discussion 
of the Symposium on “ Metallurgical Aspects of 
Non-Ferrous Metal Melting and Casting of Ingots 
for Working,” held on Thursday, March 31, during 
the annual genera] meeting of the Institute of 
Metals. We deal first with the remarks of the last 
few speakers at the morning session and then pass 
on to the proceedings of the afternoon session. 

Dr. Georges Blanc said that systematic experi- 

ments on the scavenging of melts with dry nitrogen 
had recently been made in France. Half a melt of 
high-lead tin bronze had been poured in the usual way 
and the other half had been cast after being sub- 
jected to five minutes of energetic bubbling with 
nitrogen, in each case with and without deoxidation 
by means of phosphor-copper. With the nitrogen 
treatment and deoxidation, 100 per cent. sound 
pieces had been obtained in castings which had pre- 
viously given the foundry a good deal of trouble. 
The next speaker, Mr. L’Oiseau, said that the 
Durville process was now being employed for the 
production of sand castings as well as ingots. Pre- 
cautions, however, had to be taken with the cores 
so that there should be no deformation or displace- 
ment when the apparatus was rotated. Mr. J. O. 
Hitchcock, who spoke next, said that attention paid 
to perfecting the casting process to avoid waste 
swarf and other scrap was well repaid by an in- 
creased yield of the final product. It was also sur- 
prising, on examining some casting processes, how 
a simple adjustment of the temperature could give 
an increased yield without modifying the casting 
technique in any way. The next speaker, Mr. G. 
Skript, stated that nothing had been said about 
rotary furnaces in the Symposium. These furnaces 
had given excellent results particularly for gunmetal 
and the brasses. In the first place a better slag- 
metal reaction could be achieved by their use and 
the oxidation processes could be better conducted. 
Moreover, if used properly, they reduced melting 
losses. 
The authors of the six papers were then asked by 
the chairman if they desired to bring out some 
point in their papers which had not received atten- 
tion. Mr. G. T. Callis said that it was extremely 
difficult to get a Durville ingot completely solid, 
even when the ratio of diameter to length was 
as low as unity. It should be emphasised that the 
successful operation of the process depended on a 
very slow speed of rotation over the horizontal 
when @ considerable amount of freezing had already 
taken place from the bottom of the mould upwards. 
The only other author who spoke was Mr. N. I. 
Bond-Williams, and at the conclusion of his remarks 
the chairman called upon two other speakers before 
the luncheon interval. The first of these, Mr. 
H. W. G. Hignett, emphasised the importance of the 
human element in the foundry. Continuous-casting 
processes, he said, required meticulous attention to 
details ; if one small matter went wrong the effects 
were disastrous. This, he suggested, was a factor 
in their favour because it kept the persons in charge 
of the process “on their toes.” The other speaker, 
Dr. L. Northcott, thought that it was rather amazing 
that flaming dressings were still used, as, in investi- 
gations carried out for the British Non-Ferrous 
Metals Research Association, at Woolwich, a quarter 
of a century ago, largely by Mr. G. L. Bailey, very 
definite evidence had been found that the flaming 
dressing gave rise to sub-surface cavities which led 
to defects when the material was subsequently 
worked. Bailey had developed a technique of 
using a soot dressing with an externally-applied 
reducing atmosphere and very excellent castings had 
been obtained. 

At this stage of the proceedings the chairman 
adjourned the meeting until 2.30 that afternoon, and, 
when the members reassembled after the luncheon 
interval to continue the discussion on the Sympo- 
sium, Mr. H. 8. Tasker, the senior vice-president of 
the Institute, again occupied the chair. 

On being called upon, Professor H. O’Neill, the 
rapporteur of the Symposium, summarised the 
morning’s discussion. He said that there appeared 








to be a very general appreciation, on the part of 
those who to produce cast metal, of the work 
that had been done by individual research workers 
and the research associations. During the dis- 
cussion, a plea for more thermodynamics had been 
made and regret had been expressed that the papers 
in the Symposium dealt almost exclusively with 
copper alloys. If, therefore, the discussion that 
afternoon could record more facts and observations 
concerning aluminium and other alloys, apparently, 
it would be appreciated by most members present. 
Finally, it had been said that the papers did not 
contain a great deal about mould washes and that 
what had been stated was not very scientific. It 
seemed, therefore, that members would welcome 
more discussion and information about the manner 
in which mould washes operated. 

Mr. W. F. Brazener, who continued the discussion, 
said that metal with a high rate of shrinkage could 
not be successfully cast into open moulds unless 
special precautions were taken. Tough-pitch copper 
and 60:40 brass, however, were suitable. The 
best zinc slabs cast in open moulds were, after 
pouring, surface heated in an electric heater in 
order to keep the surface molten and maintain a 
steady rate of solidification from the bottom. 
Unless this were done, there was a tendency for 
shrinkage to cause a break in the surface and 
render the resultant ingot unsuitable for rolling. 
In the casting of non-ferrous metal alloys for further 
working, probably the greatest step taken in recent 
years had been the introduction of the water-cooled 
mould with vertical pouring. The next speaker, 
Mr. E. A. Bolton, discussed large castings of the 
order of one, two, three, or even more, tons, which 
were destined for rolling into plates. In many cases, 
the rolled plate was for use in condensers, chemical 
plant, or similar purpose, and the great essential 
was that it should be free from porosity under the 
hydraulic test. Open moulds were still greatly used 
for some of these large castings. At his works a 
change-over had been made to Ajax-Wyatt furnaces 
for the casting of nickel silver and there was no 
doubt that the product was substantially better 
than had previously been the case. 

Mr. P. F. Hancock said that water vapour and 
sometimes hydrogen, in contact with the melt, were 
practically inseparable from the operation of fuel- 
fired furnaces ; with electric melting, on the other 
hand, a clean dry atmosphere could be maintained 
at all times, and either oxidising, neutral or slightly- 
reducing in character. Under these conditions, 
the possibility of hydrogen pick-up was minimised, 
and, if it were already present in the melt from 
Taw materials or other sources, the most favourable 
environment was created for its elimination. In 
the melting of brass, unlike most-non-ferrous metal 
alloys, gas pick-up was of minor importance, and 
it was surprising, therefore, to find that this was 
the field, in non-ferrous metal practice, in which 
electric melting had achieved its widest use. In 
the bronze foundry, the avoidance of gas pick-up 
had begun to be a iated, and a number of 
electric furnaces, particularly of the rocking-are and 
rocking-resistor types, had been installed in recent 
years. For ingots, however, very few installations 
of electric-melting equipment seemed to have been 
put down in this country, although the advantages 
which had been amply proved in the foundry would 
appear to be of equal value in ingot production. 

Mr. F. Hudson said that Bailey and Baker had 
indicated quite rightly that the ideal structure to 
be aimed at in billets and ingots for subsequent work 
should consist of uniform equi-axed grains, free 
from preferred orientation and the presence of large 
individual grains. It would be interesting to learn 
how many producers valued this point and endea- 
voured to obtain it by actual production methods as 
distinct from having it done for them by the adop- 
tion of an alloy of particular composition. A method 
of casting, developed by Willcox and covered by a 
United States patent, was the nearest approach he 
had so far seen to an answer to the problem of 
producing ingots of uniform equi-axed grains. The 
method combined a high-frequency melting furnace 
and a high-frequency heated ingot mould. The 
pouring operation was similar to that used in the 
Durville process. 

Dr. O. H. C. Messner said that, in Switzerland, 


high-frequency as well as low-frequency electric 
furnaces had been used for melting nickel silver, 
but, after long discussions, it had been decided 
that the low-frequency or Ajax-Wyatt furnace, as 
employed in the brass foundry, was the more 
suitable. The main disadvantage of the furnace 
was the comparatively short life of the linings. {t 
might surprise some to hear that Switzerland was 
sometimes faced with a shortage of electric power. 
The country depended entirely on hydro-electric 
power and if the rainfall were scanty the situation 
became difficult, particularly in the winter season. 
For this reason, some Swiss works were thinking of 
again erecting emergency melting units fired by oil 
or coke. Mr. E. A. G. Liddiard, who spoke next, 
said that tranquil solidification had the virtue, 
apart from the avoidance of the trapping of oxide 
films or mould gases, of preventing or delaying the 
initiation of bubbles of dissolved gas. next 
speaker, Mr. R. W. Ruddle, said that Bailey and 
Baker had suggested that the degasification of 
aluminium alloys was more readily effected with 
chlorine than with nitrogen. In his own experience, 
the two were about equally effective with most alu- 
minium alloys, but with alloys containing substan- 
tial quantities of magnesium, nitrogen was the more 
effective degasification agent. In magnesium-free 
alloys the chlorine released from the degassing tube 
at the bottom of the pot reacted with the aluminium 
to form bubbles of aluminium chloride gas which 
passed up through the melt, thereby removing the 
dissolved hydrogen. When magnesium was present, 
however, magnesium chloride was formed preferen- 
tially and since this substance was a liquid at the 
temperature involved, the size of the bubbles of 
chloride diminished rapidly as they floated to the 
surface. This obviously reduced the efficacy of 
degassing considerably. 

Mr. W. E. Ballard discussed the question of 
flaming dressings and stated that the main function 
of the oil present was to hold on to the mould 
surface a layer of material which could prevent 
the sticking of the molten metal. Graphite, char- 
coal and bone ash all seemed to give such an inert 
smooth layer, providing that they were sufficiently 
finely ground and that they were dried. In the 
past, too little attention had been given to this 
question of dryness. On the other hand, finely- 
ground powders were difficult to wet and some 
powders might give more trouble in this respect 
than others. These and other matters could be 
easily investigated. The next speaker, Mr. J. W. 
Cuthbertson, said that Mr. Bond-Williams was the 
first bronze manufacturer who had been bold 
enough to apply, to industrial practice, the results 
of laboratory-scale researches on flux-degassing and 
slow pouring. The bronze manufacturer, in order 
to satisfy his client, was frequently called upon to 
produce material containing, say, 0-25 per cent. of 
phosphorus, or more. This seemed to be largely a 
matter of tradition, and it was a very unfortunate 
one, because a low phosphorus content was very 
much to be preferred. Continuous or semi-con- 
tinuous casting methods applied to bronze were a 
new departure, but they enabled long lengths of 
bar to be easily produced. Moreover, dimensional 
tolerances could be held much more closely than 
by any other casting method. Again, cored bar 
could be made almost as easily as solid bar, and, 
if other than a circular cross-section were wanted, 
this again presented no special difficulties. The 
properties of continuously-cast bronze were excel- 
lent. Structurally, bars made by this process 
showed an axial zone of columnar crystals sur- 
rounded by very fine equi-axed crystals, the relative 
amounts of the two types of crystal varying with 
the dimensions of the casting and with the casting 
conditions. Continuously-cast bronze was very free 
indeed from porosity and when properly made had an 
excellent surface completely free from “ tin sweat.” 

Dr. A. G. Ramsay said that it would be of great 
assistance to the practical caster if metallurgists 
made up their minds and told him that the only 
gas which really did dissolve in metal was hydrogen. 
Other gases which dissolved did so to such a slight 
extent that the matter was still controversial. 
Porosity troubles, not due to hydrogen, were caused 
by compounds which had formed in the metal and 





were interacting, such as oxides. In a brief final 
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CIRCULATOR FOR HOT-WATER HEATING. 


MESSRS. HOLDEN AND BROOKE, LIMITED, MANCHESTER. 
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comment, Professor O'Neill, the rapporteur, said 
that much had been said regarding tranquil casting, 
yet centrifugal casting methods were also applied 
to give good results. The distinction appeared to 
be that centrifugal casting was generally not used 
for metal which was to be worked subsequently. 
The Symposium had conveyed the impression that 
electric melting was now well established. Much 
had also been said regarding mould dressings and 
further research work on these would be well worth 
while. The Symposium had been referred to a8 a 
landmark, but there was no room for complacency. 
There was still a lot to be done, but the spirit in 
which research and industry were going, hand in 
hand, augured well for the future. 

Before concluding the session and adjourning the 
general meeting until the following day, the chair- 
man expressed the thanks of the Council and 
members of the Institute to the authors of the six 
papers of the Symposium and to Professor O’Neill 
for his services in guiding the discussion. Mr. Tasker 
expressed the hope that other conferences of similar 
nature would be held at future meetings. 


ANNUAL DINNER. 


In the course of his reply to the toast of His 
Majesty’s Ministers, proposed by Dr. C. J. Smithells, 
M.C., at the annual dinner of the Institute held at 
the Savoy Hotel, Strand, London, on March 31, the 
Rt. Hon. Herbert Morrison, P.C., M.P., Lord Presi- 
dent of the Council, referred to ies made at 
times by various authorities regarding the possible 
future scarcity of some base metals or other vital 
commodity. He wondered whether scientists and 
technicians, who made these often gloomy pro- 
phecies, did not sometimes underrate their own 
powers to find fresh supplies in unexplored terri- 
tories, to exploit lower grades or more inaccessible 
deposits, or to make the available amounts stretch 
much further by new means of processing and 
utilisation, or by finding substitutes for them. He 
added, however, that he was bound to take notice 
that some metals, among them, perhaps, lead, for 
which no effective substitutes were yet. known, 
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were likely to become very scarce if new sources 
for them could not be developed. In this con- 
nection, he was glad to know that surveys employing 
modern techniques were being undertaken to map 
the enormous remaining unexplored mineral re- 
sources of the Commonwealth, and perhaps, when 
another two years of intensive survey had been 
carried out, the picture would look very different. 
Sir Ben Lockspeiser, M.A., F.R.S., who proposed 
the toast of the “‘ Institute of Metals and the Non- 
Ferrous Metal Industries,” stated that the present 
efficiency of the non-ferrous metal industry in this 
country was due to the fact that it was firmly based 
on science. The industry possessed first-rate tech- 
nical and research laboratories, staffed by trained 
scientists and technologists. It was of interest to 
note that one of the reasons why we in the United 
Kingdom held a lead in the realm of jet engines 
was because we were able to produce better alloys 
for making the blades of gas turbines than anyone 
else in the world. The reply to this toast was 
made by Mr. H. 8S. Tasker, senior vice-president, 
who occupied the chair in place of Sir Arthur 
Smout, the President, whose absence was due to 
illness. The toast of ‘‘The Guests” was proposed 
by Colonel Sir Paul Gueterbock, K.C.B., D.S.O., 
M.A., and the reply was by Brigadier-General J. B. 
Ackerman, United States Air Attaché. 


(To be continued.) 





The OCnemical Socrery.—The research fund of the 
Chemical Society provides grants for the assistance of 
research in all branches of chemistry. About 700i. per 
annum are available for this purpose, the income being 
derived from a donation of the Worshipful Company of 
Goldsmiths, from the Perkin Memorial Fund, and from 
other sources. Applications for grants will be considered 
in June and should be submitted on the appropriate form 
not later than Tuesday, May 10. Applications from 
Fellows will receive prior consideration. Forms of 
application, together with the regulations governing the 
award ‘of grants, may be obtained from the general 
secretary, The Ohemiical Society, Burlington House, 
Piccadilly, London, W.1. 
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SMALL CENTRIFUGAL PUMP FOR 
HEATING SYSTEMS. 


THE roe and vertical section reproduced 
in Fi x and 2, on this page, are of a salt call 46h. 
tained motor-driven centrifugal pump, known as the 
“* Selfette ” Circulator, which has been introduced by 
Messrs. Holden and Brooke, Limited, Sirius Works, 
Manchester, 12, for circulating hot water in low- 
pressure heating systems. It is a smaller and simplified 
version of the firm’s “‘ Super Selfix ” circulator, and is 
made in several sizes, suitable for pipes of 14 in., 2 in. 
and 3 in., internal diameter. The co: ding 
motor sizes are 4, 4 and $h.p. As will be seen from 
the illustrations, the circulator is desi to fit between 
two pipe flanges, so that no special foundations are 
necessary. The cast-iron body of the circulator is 
surmounted by a combined top cover, oil reservoir, 
seal housing, bearing housing and motor stool, which is 
also of cast iron. The motor is mounted on four 
rubber-metal pads. The impeller shaft, of high-tensile 
steel, is connected to the motor shaft by a moulded- 
rubber coupling. It runs, at its lower end, in a 
phosphor-bronze bush of the self-lubricating type, and 
at its upper end in a Morganite bush. The shaft is 
sealed by a packingless gland, in which a light helical 
spring maintains the face of the seal ring against the 
stationary ring when wear takes place. The impeller 
is practically balanced hydraulically in the vertical 
direction, and the slight downward thrust due to the 
weight of the rotor is resisted by a thrust collar which 
is fastened to the shaft and bears on the flange of the 
upper bush. The impeller is of gunmetal, and is keyed 
to the shaft. 

Oil from: the reservoir feeds into the upper Morganite 
bush. The gland is stated to be practically watertight, 
but any excess water or lubricating oil ie discharged 
through an inclined hole. The circulator is fitted with 
an air-release cock, and the fla' are tapped for con- 
necting pressure gauges. The only routine maintenance 
required is the periodical checking of the oil level in the 
reservoir. By removing the four cover nuts, the com- 
plete assembly, consisting of the motor and rotating 

can be removed, and if the circulator is erected 
ween two valves it is not n to drain the 
system. The motors run at 1,425 r.p.m., and can be 
supplied to suit various 50-cycle systems. The capa- 
cities of the circulators depend on the head, ranging 
from 5 gallons per minute for a head of 5-3 ft. and 
models, respec- 
tively), to 30 gallons per minute at a head of 2-3 ft. for 
the smallest circulator and 85 gallons per minute at a 
head of 4-1 ft. for the largest size. 





GENERATION OF ELEorRiciry.—The monthly statis- 
tical statement issued by the Ministry of Fuel and Power 
shows that 4,659 million kWh of electricity were generated 
during March, 1949, compared with 3,962 million kWh 
during the corresponding month of 1948, an increase of 
697 million kWh, or 17-6 per cent. Industrial consump- 
tion in March, 1948, was, however, affected by the Easter 
holidays. 





RESEARCH ON APPLICATION OF LIGHT ALLOYS TO SHIP- 
BUILDING.—A research scholarship, of the value of 4001. 
per annum and tenable for two years, has been offered by 
The Aluminium Development Association to encourage 
and facilitate research in the application of light alloys to 
ship construction. The scholarship will be administered 
by a committee of the Institution of Navel Architects 
and it is hoped to make the award in September, 1949. 
Particulars of entry, which closes on July 31, can be 
obtained from the secretary, Institution of Naval Archi- 
tects, 10, Upper Belgrave-street, London, S.W.1. 





INDIAN HypRo-ELecTRicC POWER SCHEME.—ANn agree- 
ment has been made between the Government of East 
Punjab and the Westinghouse Electric International 
Company, 306, Fourth-avenue, Pittsburgh 30, Pa., 
U.S.A., for the design of a 110-MVA hydro-electric scheme 
on the River Sutlej. It will consist of two stations— 
Nangal I and Nangal Il—six miles apart, each of which 
will be equipped with two 27-5-MVA sets generating at 
11 kV. The turbines of these sets will operate at a head 
of 98 ft., obtained by damming the river. The voltage 
will be raised to 132 kV for transmission. 





RoaD TRANSPORT OF ALTERNATOR STATOR FOR AUS- 
TRALIA.—The Pyrmont B generating station of the 
Sydney County Council is to be equipped with four 
55-5-MVA turbo-alternators supplied witit steam at 
1,200 Ib. per square inch and 925 deg. F. A stator for 
one of these machines, weighing 106 tons, was recently 
dispatched by road from the works of the Metropolitan- 
Vickers Electrical Company, Limited, at Trafford Park, 
Manchester, to Liverpool, for shipment. A low-slung 
articulated trailer was used for this purpose and was 
hauled by a high-power tractor, another tractor being 
attached at the rear to facilitate cornering. No delay or 
dislocation of road traffic occurred during the journey. 
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LAUNCHES AND TRIAL TRIPS. | 


M.S. “ BrrrisH WORKMAN.”—Single-screw oil tanker, 
built and engined by Messrs. Harland and Wolff, Limited, 
Govan, Glasgow, for the British Tanker Company, 
Limited, London, E.C.2. Main dimensions: 463 ft. 
(between perpendiculars) by 61 ft. 6 in. by 34 ft.; dead- 
weight capacity, about 12,280 tons. Six-cylinder single- 
acting. four-stroke Harland-B. and W. Diesel engine. 
Trial trip, March 24. 

M.S. “ Lanpy II.”—Twin-screw tug, built by Messrs- 
Richard Dunston, Limited, Thorne, near Doncaster, for 
the London Midland Region of British Railways. Main 
dimensions: 75 ft. by 16 ft. by 9 ft. Two six-cylinder 
Diesel engines with oil-operated reverse reduction gear 
constructed by Messrs. Ruston and Hornsby, Limited, 
Linco. Delivered, March 28. 

M.S. “ WImMBORNE.”—Single-screw coaster, built by 
Messrs. Philip and Son, Limited, Noss Works, Dart- 
mouth, for Messrs. John Carter (Poole), Limited, Poole. 
Main dimensions: 135 ft. 3 in. by 25 ft. by 10 ft. 9 in. ; 
deadweight capacity, 400 tons. Crossley-type Diesel 
engine of 350 b.h.p. at 320 r.p.m. Launch, April 11. 

M.S. “* Jon PORLAKSSON.”’—Single-screw trawler, built 
by the Goole Shipbuilding and Repairing Company, 
Limited, Goole, for the Icelandic Government. Main 
dimensions : 170 ft. by 29 ft. 6 in. by 15 ft. 6 in. ; fish- 
room capacity, 18,500 cub. ft. approximately ; gross ton- 
nage, about 500. Diesel engine, of 1,200 b.h.p. at 
110 r.p.m., te give a speed of 13 knots, constructed by 
Messrs. Ruston and Hornsby, Limited, Lincoln. Trial 
trip, April 11. 

M.S. “Etin Haven.”—Single-screw cargo liner, 
carrying 12 passengers, built by the Burntisland Ship- 
building Company, Limited, Burntisland, Fife, for 
A/S Inger (Jacob Kjéde A/S), Bergen, Norway. Main 
dimensions: 414 ft. by 55 ft. 6 in. by 36 ft. to shelter 
deck ; deadweight capacity, about 7,600 tons on a loaded 
draught of 25 ft. Four-cylinder opposed-piston Scott- 
Doxford Diesel engine, to develop 4,400 b.h.p., supplied 
by Messrs. Scott’s Shipbuilding and Engineering Com- 
pany, Limited, Greenock, and installed by the ship- 
builders. Launch, April 13. 

M.S. “ DELPHIC.”—Twin-screw refrigerated cargo 
liner, built and engined by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne, for 
Messrs. Shaw Savill and Albion Company, Limited, 
London. Main dimensions; 509-ft. by 65 ft. 6 in. by 
42 ft. 103 in. to shelter deck ; insulated cargo capacity, 
about 447,770 cub. ft.’ Two five-cylinder Hawthorn- 
Doxford oil engines to develop together 10,000 b.h.p. at 
about 118 r.p.m. on service with a speed of 16 knots. 
Launch, April 13. 

8.8. “ HELENUS.”—Single-screw cargo liner, carrying 
30 passengers, built and engined by Messrs. Harland and 
Wolff, Limited, Belfast, for Messrs. Alfred Holt and 
Company. Liverpool. Main dimensions: 522 ft. 6 in. by 
69 ft. by 38 ft. 6 in.; gross tonnage, about 11,750. 
Triple-expansion double-reduction geared turbines to 
develop 14,000 s.h.p. at 106 r.p.m. on service, and two 
oil-fired Foster-Wheeler controlled superheater boilers. 
Launch, April 13. 

M.S. “‘ ATLANTIC EMPREsS.”—Single-screw cargo ves- 
sel, built by Messrs. William Gray and Company, Limited, 
West Hartlepool, for Mr. S. G. Livanos, London. Main 
dimensions: 470 ft. (between perpendiculars) by 62 ft. 
by 41 ft. 6 in. to shelter deck; deadweight capacity, 
12,000 tons on a mean draught of about 28 ft. Four- 
cylinder Hawthorn-Doxford oil engine, to develop 4,450 
b.h.p. in continuous service, supplied by Messrs. R. and 
W. Hawthorn, Leslie and Company, Limited, Hebburn- 
on-Tyne, and installed by the shipbuilders. Speed, 134 
knots. Launch, April 14. 

S.S. “ LANCER.”—Single-screw trawler built by Messrs. 
Cook, Welton and Gemmell, Limited, Beverley, York- 
shire, for the Loyal Steam Fishing Company, Limited, 
Grimsby. Main dimensions: 180 ft. (between perpen- 
diculars) by 30 ft. 6 in. by 16 ft.; gross tonnage, about 
660 ; fishroom capacity, 16,000 cub. ft. Triple-expansion 
engines and one oil-fired multitubular boiler supplied and 
installed by Messrs. Charles D. Holmes and Company, 
Limited, Hull. Launch, April 14. 

M.S. ‘‘ CARPENTARIA.”—Single-screw cargo liner, carry- 
ing twelve passengers, built and engined by Messrs. 
Barclay, Curle and Company, Limited, Whiteinch, Glas- 
gow, to the order of the British India Steam Navigation 
Company, Limited, London, E.C.3. Main dimensions : 
485 ft. by 62 ft. 6 in. by 40 ft. 9 in. to shelter deck ; 
gross tonnage, 9,000. Six-cylinder opposed-piston Bar- 
clay Curle-Doxford engine to develop in service 6,300 
b.h.p. at 116 r.p.m. and a speed of 15 knots. Trial trip, 
April 21. 





Dry Dock PassED THROUGH PANAMA CANAL.—A 
United States Navy dry dock, which recently passed 
through the Panama Canal, was too wide for the channel ; 
it was therefore raised to a vertical position on its side 
and supported by a large number of pontoons. It was 


LABOUR NOTES. 


HippENn unemployment in the engineering industry 
is the subject of an investigation now being conducted 
by the Engineering Industries Association, Some of 
the members of the Association are of the opinion that 
this has assumed considerable proportions during the 
past six months or so. The question was raised a short 
time ago at a meeting of the London branch of the 
Association, members of which considered such undis- 
closed unemployment to be caused by a decline in the 
number of home orders, due in the main, haps, to 
the high incidence of the purchase tax. e@ experi- 
ences of other branches of the Association are stated 
to confirm these views. Manufacturers are stated to 
be building for stock to avoid breaking up established 
production teams and the Association is therefore 
circulating each of its 3,500 member-firms and asking 
them to state the percentage increase or decrease of 
their labour forces during the past six months, and, 
also, the trend of their order books over the same 
period. 


Several instances in which firms have been compelled 
to reduce shifts and cut overtime have come to the 
notice of the Association. Machines are stated to have 
stood idle for two days a week, and 1948 bonus figures 
of 24 per cent. and 27 per cent. are reported to have 
dropped during the first three months of 1949 to 
17 per cent. and 19 per cent. The Association hopes, 
by means of its investigations, to secure a reliable 
assessment of employment in the engineering industry 
and its report will be awaited with interest. 








Demands for immediate increases in the wages paid 
to ineering apprentices were made at the sixth 
annual youth conference of the Amalgamated Engi- 
neering Union at Bournemouth on April 21 and 22. 
The conference did not follow the advice of Mr. Ben- 
jamin Gardner, the Union’s secretary, that they 
should limit their demands to 30 per cent. of the adult 
rate at the age of 15, rising to 80 cent. at 20. 
Instead, the conference passed a resolution calling for 
40 per cent. at 15 rising to 90 per cent. at 
20 years, and to 100 per cent. at 21. They also asked 
that the conference should be re-called in the event 
of the Union’s negotiations with the employers on the 
terms of the resolution being unsuccessful, in order 
that the resumed conference might consider what form 
of immediate action should be taken. The only girl 
delegate, Miss Rachel M’Master, an assembler in a 


Glasgow sewing-machine factory, moved a resolution | gran 


calling for the rate for the job for apprentices, and 
equal pay for equal work as between girls and appren 
tices. She mentioned instances of girls aged 19 and 20 
earning 41. weekly, while boy apprentices on the same 
work were paid only 2/. 8s. She also referred, in 
contrast, to cases of girl assemblers being paid 9d. per 
hundred articles assembled against a rate for boys of 
ls. 3d. per hundred. 


The membership of the National Union of General 
and Municipal Workers has more than doubled during 
the last ten years, according to a statement made by 
Mr. Tom Williamson, general secre of the Union. 
8 ing at a dinner, held in London on April 21, to 
celebrate the diamond jubilee of the Union, Mr. William- 
son said that the Union’s membership had grown from 
some 400,000 in 1939 to around 850,000 at the present 
time. While the constitution of the Union gave ample 
seope for criticism and differences of opinion, there 
was no room in its organisation for disruptive elements. 
Sixty years had been spent in building up the Union 
to its present strength, but the whole structure could 
be destroyed in 60 days by the actions of irresponsible 
persons. Mr. C. R. Attlee, who was among the guests, 
praised the courage and vision of the early pioneers 
who had made the work of the trade unions ible. 
The Prime Minister said that the h of a trade 
union depended not only on having a few good men 
at the top, but on its whole membership, at every stage, 
playing a full part and taking its share of responsibility. 








A delegate conference of the Lancashire area of the 
National Union of Mineworkers decided last Saturday, 
on the recommendation of the area executive ce@m- 
mittee, to ban all overtime and week-end work and to 
withdraw the miners’ representatives from all joint 
committees, both consultative and welfare, in the 
North-West Region. ohibitions were to 
operate as from last Monday and are to remain effective 
until such time as negotiations have been resumed by 
the Divisional Coal Board for conceding the request 
of the 50,000 Lancashire miners for concessiqnary coal. 
They will then be reviewed in the light of existing cir- 
cumstances, The Union’s demand on behalf of these 
miners for seven tons of free or cheap coal a year for 
each householder or breadwinner was rejected by the 





towed by six tugs and the passage took two days. 


North-West Divisional Coal Board in Manchester on 


April 20. The ban is expected to result in the loss of 
about 4,000 tons of saleable coal:now being mined each 
week as the result of Saturday work. Somedislocation 
in the cycle of operations is likely to result and this 
may lessen day-to-day production in the division. 





The claim of the National Union of Mineworkers on 
behalf of their members for a second week’s annu:! 
holiday with pay was rejected by the National Refer. 
ence Tribunal for the Cobeinies Industry in an award 
issued on Friday last. At present, the miners receive 
yearly twelve days’ holiday with pay, comprising six 
consecutive days which are as the annua! 
holiday and six te days in respect of statutory 
and custo holidays. The tribunal state that the 
Union contended that the present holiday was insuffici- 
ent to put miners on terms of equality with persons 

in other occupations and that employees in 
the coal-mining industry required the } riod 
of continuous rest claimed by the Union.  Union’s 
main argument for the immediate granting of the con- 
cession was the necessity for increasing the number o/ 
recruits entering the industry. The tribunal, however, 
declared that they were not satisfied that any falling-off 
of entrants was due to the shortness of the holiday 
period for which payment was made, or that the grant 
of an additional week’s holiday with pay would have 
any serious effect in providing fresh recruits. 


Both the National Coal Board and the Union had 
agreed, the tribunal state, that two weeks’ annual 
holiday with pay was a desirable ‘objective for the 
industry and the only difference between them was 
whether the concession should be made immediately 
or to a later date. The Board contended 
that the time to grant the extra week had not yet 
arrived. A serious loss of output would result and the 
additional expenditure on wages alone would amount 
to about five million 


pounds annually. The ble 
loss, after taking all the factors into i ion, 
might be as high as twelve million pounds a year. The 


Board also pointed to the loss of 23,000,000/. in the 
first year of nationalisation, which loss was likely to 
be reduced by no more than three million pounds as a 
result of the second year’s working. The tribunal 
declared, after carefully weighing the arguments for 
and against the claim, that in view of the present 
position of the country as a whole, and of the existing 
state of the industry, the concession could not safely be 
ted at present. The award will be reported to the 
Joint National Negotiating Committee and will be con- 
sidered by the executive committee of the Union on 
May 12. 





The special delegate conference of the National 
Union of Railwaymen which met in London on April 21 
and 22 discussed what action should be taken by the 
Union in view of the rejection of the railwaymen’s 
claim for an overall wage increase of 12s. 6d. a week. 
It may be recalled that, following the rejection by the 
Railway Executive of the Union’s claim in December 
last, the Union gave the Minister of Labour 21 days’ 
notice of the existence of a dispute. After consulting 
the National Arbitration Tribunal, and being informed 
that the industry’s own negotiating body was the most 
suitable vehicle for dealing with the matter, Mr. George 
Isaacs referred the claim to the Railway Staff National 
Tribunal for arbitration. This body in due course 
rejected the claim. While there appears to be no 
statutory obligation on the Union or the Executive 
to accept decisions of the Railway Staff Tribunal as 
final, there was a war-time agreement, which remains 
in foree, that they would do so. 





Mr. J. B. Figgins, the Union’s 1 secretary, 
stated at the close of the second day of the conference 
that much resentment had been shown at the rejection 
of the claim and especially at the reasons which were 
adduced in opposition to it. Several resolutions 
favouring strike action and working to rule were sub- 
mitted but the conference ultimately decided to adjourn 
until yesterday and, in the meanwhile, to ask the 
Prime Minister and the Ministers of Transport and 
Labour to receive a deputation. Following a prelimin- 
ary consultation with Sir Robert Gould, chief industrial 
commissioner to the Mini of Labour, the Union's 
deputation saw Mr. Isaacs last Tuesday, when they 
impressed upon the Minister the difficulty of maintain- 
ing peace in the railway industry, in view of the com- 
plete rejection of the The Minister undertook 
to consider the matter and to communicate with the 
Union in time for yesterday’s adjourned conference. 
It seems likely that the conference will be informed 
that the decisions of negotiating machinery must be 
respected, but that a new claim in favour of the lowest- 





paid groups of railwaymen can be presented for con- 
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HEAT ENGINES.* 
By K. Baumann, M.I.Mech.E. 


(Concluded from page 384.) 


Tue power which can be obtained with any given type 


of heat engine without change of linear 


or stresses, varies inversely as the square of revolu- ‘ 
tions over a large sizes. applies a) xi- 
mately also to the which can be pitt r 
through pinions where 


: of 
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Heat Consumption B.Th.U. per KW. per 


(e403 


re] at . per 


? for convenience : 


gear for a reference speed of 10,000 r.p.m. is giveninthe| ™ ™ 
maxim 


XI. It is a Pig RAD 5 ne to transmit 

gears the power any heat engine exce 
that foot the lenges dechis Gow sete turbines. " 
} The cost of generation for any heat engine is deter- 


i in Table| The annual cost of generation & in 
watt installed is the sum of the capital 
the fuel costs. 


Fuel cost = 5555 * = shilling per kilowatt in- 





* The 36th Thomas Hawksley Lecture, delivered at | Stalled 
Mechanical 


the Institution of 


Engineers, London, on 


Friday, November 19, 1948. Abridged. 








a 


maintenance and attendance, per cent. 
Heat consumption in B.Th.U. per kilowatt-hour. 


Cost of fuel in shillings per ton. 


cent. 
F 1 


Counte ttt ras “5 


F 8,760 Al 





mhr 
2,560" 


= Calorific value of fuel in B.Th.U. per Ib. 
Load factor referred to installed capacity, per 


pon. a 





Steam Temp. at Turbine...Deq.F. 


mined by the following factors, the units being selected 


= Capital cost in shillings per kilowatt installed. 
= Rate of capital charges, including a rate for 


kilo- 
and 


Therefore, 


mhr mh 
k = ooo Ob pant 
Cr + F560 r(o *. an) 


The heat consumption of heat engines can be 
improved by spending additional capital, and the cost 
of generation is a minimum when the decrease in fuel 
costs equals the increase in capital costs, i.e., when . 


m Ac m 
AC = Ans 5e0 * Bh 3,560" 

If the capital cost C is plotted as a function of the 
heat consumption h, as in Fig. 8, herewith, the plant 
giving the minimum cost of generation, that is, the 
economic plant for the particular operation factor m, 
is represented by a point on the curve where the 
tangent to the curve is parallel to a line which cuts 
the abscissa at point 2,560 and the ordinate axis at a 
point m, or any common multiple of such values, 
respectively. Lines for different operation factors 
are conveniently shown in the diagram radiating 
from a point 4 x 2,560 = 10,240, and thus the economic 
design point for any operation factor can easily be deter- 
mined, provided that the relationship between capital 
costs and heat consumption is known. 


TABLE XII.— Maximum Powers of Different Heat Engines. 




















Brake 
| Brake Revs. horse- 
Type. | horse- per power 
| Power, min, ey 
| 10,000 
flow low. inde 140,000 3,000 12,600 
-pressure Biss ; 
Steam turbine, single flow ..| 70,000 3,000 6,300 
Aero-engines (Sabre) .. ..| 3,055 | 3,856 455 
Off engines for locomotives ..| 2,000 1,000 20 
Gas turbines :— 
turbine, single flow .-| 20,000 3,000 1,800 
Power from low-pressure 
— ~~ double flow --| 40,000 3,000 3,600 
turbine, single flow .-| 60,000 3,000 5,400 
The cost of generation is k =r(c +hx za): 


OA in the diagram is the capital cost and AB is 
hx oo it follows that O B represents the capital 
value of the cost of eration for the operation factor 
m, and also that of any plant for which the capital 
cost and the heat consumption is by a 
located anywhere on this tangent. the nei - 
hood of the economic point, the capital cost and the 
heat consumption may be changed considerably with 
relatively little c! in cost of generation, as indi- 
cated diagrammatically in Fig. 9. 

The steam power plant is a particularly good example 
of a heat engine of which the efficiency can be improved 
by spending additional capital. It has been shown 
that the governing factor in the determination of the 
economic point is the operation factor in combination 
with a capital cost factor. It has been convenient in 
the past to ascertain the economic point of steam- 
turbine plant by considering the variation of a single 
variable, and in this way the economic rating has been 
examined as affected by the leaving and exhaust losses, 
the economic feed temperature, the economic pressure 
and the economic condensing plant. 

Thus, the economic rating of a turbine frame, which 
largely depends on the leaving and exhaust losses, 
varies for given initial steam conditions as follows :— 


R a 8 / cost of turbine interest rate 
cost of fuel plant load factor 
a / back pressure. 
As the cost of a given turbine is industrially depen- 
dent on the cost of fuel, the economic rating does not 
vary appreciably with changes in the cost of fuel. 








x 








Further, as the economic rating varies only as the one- 


TABLE XI.—POWER TRANSMITTED THROUGH ONE PINION. 














| 
Brake Re horse | oy 
Date of v8, ‘ 
Reference. Manu- Manufacturer. Used for. nee - horse- per wer apes, Remarks 
facture. power. min, (Fee ~ SF 
| 10,000, . 
Inst. Locomotive Engineers, vol. 36, 1985 Metropolitan-Vickers ..| L.M.8. loco-tarbomotive -| Single .. 2,600 9,300 2,250 275 | 2 Bearings 
No. 191, May-June, 1946, p. 197 
Maker .. - ve es 1935 Metropolitan-Vickers ..| Steam turbine bmg alternator ..| Single .. 8,400 5,000 2,100 | 229 3 Bearings 
woo vw. Sn inn rs, vol, 1940 De Laval, U.S.A. ..| U.S. naval turbine, 26,000 h.p. .-| Double .. py a } 8,840 | n Bi 2 Bearings. 
. NO, 9, * 9 
C.L.0.8. Re 19/274 and 29 1945 Stoeckich ..| Submarine a mn om ne 2,500 14,100 5,000 — _ 
Maker .. pore, vee os ae} 1947 Brown Sora ee .-| Gas turbine driving alternator ei. ane --| 20,150 4,768 4,580 | 355 — 
ENGINEERING, Oct. 31, 1947 1947 B.T.-H., Bugby .| Electric motor driving experimental | Single . 8,000 18,500 10,270 342 2 Bearings 
compressors. Increasing gears 
* a - m ie * = < Single . 5,000 18,000 8450 | 808 | 2 Bearings 
Maker ”.. 1847 | Metropolitan-Vickers .:| Electric” motor driving rotors for | Single . 1,450 | 20,267 5,940 36 || «(306 











overspeed test. Increasing gears 

















* Approximate. 











406 


eighth power of the interest rate and inversely as the 
pg power of the plant load factor, variations of 
these also do not seriously affect the rating. For 
example, a change in either of these terms by a factor 
of 2, changes the economic rating only by 9 per cent. 
Calculations based on modern conditions show that 
the variation of the economic rating with these terms is 
even smaller; for a ratio of 2 the economic rating would 
only change by 6 per cent. 

The reason why the economic rating of a turbine 
depends to such a small extent on the various factors is 
due to the fact that an improvement in the efficiency 
of the turbine results not only in a reduction of fuel 
consumption but also in a reduction of the cost of the 
boiler, the coal- and ash-handling plant, the condensing 
plant, and the circulating-water system. The benefit 
is obtained even if the sizes of these components of the 
steam plant are not adjusted, because, as their ratings 
also are ascertained from economic considerations, the 
benefit will be obtained either by saving in capital costs 
or improvement in efficiency or maintenance charges. 
In 1921, the cost of the plant affected by the heat 
consumption of the turbine was 6-8 times that of the 
turbine ; to-day it is 10-7 times. 

For 1920 conditions, with cost of fuel 40s., interest, 

depreciation, and maintenance 20 per cent., and load 
factor 50 per cent., 1 per cent. saving in the steam 
consumption of the turbine resulted in saving in fuel 
costs which was equivalent to a capital value of about 
5s. per kilowatt capacity, and the saving resulting 
from the lower capital cost of the rest of the plant 
was 3-4s. per kilowatt, the ratio of the two being 0-68. 
That means that the total saving was 1-68 times the 
saving of fuel costs alone. With interest, depreciation, 
and maintenance of 10 per cent., which is more in line 
with present practice, the total saving would have 
been 1-35 times the saving in fuel costs. The corre- 
sponding savings, with interest, depreciation, and main- 
tenance of 10 per cent., are to-day 8-64s. for the 
capital value of fuel saving, and 7-28s. for saving in 
capital cost of the rest of the plant, the ratio being 
0-84, which means that the saving is 1-84 times the 
saving in fuel costs as compared with 1-35 times in 
1920. 
It does not pay to design a plant to obtain the 
maximum improvement in heat consumption, as the 
increase in cost of plant does not justify obtaining the 
last fraction of 1 per cent. The economic improvement 
is below the maximum by an amount which depends 
on the operation factor and on the cost of steel for the 
additional heating surface in the economiser required 
to maintain the boiler efficiency at higher feed tem- 
peratures. The difference between the maximum and 
the economic improvement is a function of 


cost of coal load factor — 
cost of steel “ interest rate’ 


but, as the cost of steel is industrially dependent on 
the cost of coal, their separate variation, for all prac- 
tical purposes, can be disregarded, and the difference 
lotted as a function of the second ratio only, as in 
ig. 10, on 405 ; the difference between the maxi- 
mum and the economic temperature is also plotted on 
the same basis. 

The economic pressure depends on the improvement 
in thermal efficiency of the plant with increase in 
pressure, on the operation factor, and on the rate of 
increase in capital cost for every 100 Ib. per square inch 
increase in pressure. The increase in cost of plant in 
1926 for every 100 lb. per square inch increase in 
pressure was as follows :— 








Pressure, 

Ib. per 

sq.in. .. 200 300 400 500 600 700 800 900 1,000 
Shillings 

perkW .. 3-16 4-00 4-84 5-68 6-54 7-36 8-22 9-06 


Guy pointed out* that it was natural that, in the 
ordinary process of engineering development, the 
increase in cost of plant with increase of pressure 
would tend to decrease. In 1938, I estimated that 
these increases were about two-thirds of those quoted 
by Guy. To-day they appear to be about the same 
as in 1938, although manufacturing cost of plant is 
about double that of 1938. This indicates that progress 
in bee has, in fact, resulted in a reduction of the 
cost of improvement, when ex asa 
of the total cost of the plant, to one-third Ff what it 
was 20 years ago. For an operation factor m = 200, 
therefore, which is representative of modern power- 
station conditions, a pressure of 900 lb. per square inch 
is justified. 

It remains to examine the economic steam tempera- 
ture in relation to the economic . In practice, 
the temperature has been sales with the pressure in 
such a way that the wetness in the exhaust of the tur- 
bine has not exceeded a maximum of 13 to 14 per cent., 





* “The Economic Value of Increased Steam Pressure,” 
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above which, erosion in the last blades becomes exces- 
sive. 


With standard pres- 


sures of ... -.. 400 600 900 1,350 Ib. per 
sq. in. 
the following stan- 
dard temperatures 
have been adopted 800 850 900 950 deg. F. 
resulting in a wet- 
ness of -» 11-9 12°5 13-2 13:8 percent. 
The reduction in 


heat consumption 
due to raising the 
pressure is “ome 
The reduction in 
heat consumption 
due to raising 
the temperature is 1- 
Making a total re- 
duction in heat 
consumption of... 


-06 per cent. 


-72 per cent. 


5-05 4°21 3:74 per cent. 
The question arises whether, apart from the necessity 
for keeping wetness within permissible limits, these 
temperatures were justified, or whether it would have 
been justified to raise them even further. If 950 deg. F. 
is permissible with 1,350 lb. per square inch why should 
it not be economic to adopt this temperature with 
600 lb. per square inch ?; or, alternatively, would it 
not be more economical to adopt 950 deg. F. with 
600 lb. per square inch and obtain an improvement 
in heat consumption of 3-41 per cent., rather than to 
adopt 900 Ib. per square inch with 900 deg. F. resulting 
in an improvement in heat consumption of 4-21 per 
cent. 
There are important factors quite apart from the 
solution of this economic problem. From the point of 
view of standardisation, it is essential that the number 
of combinations of pressure and temperature should 
be a minimum, and, for this reason, stepping up the 
temperature with the pressure has a good deal to 
recommend it. The importance of standardisation 
applies not only to steam turbines, but also to boiler 
nt, piping, and auxiliaries, although the design of 
Boilers is also affected by the quality of coal. The 
saving obtained by standardisation as a result of 
more economical production of plant may more than 
compensate for improvements in fuel consumption. 
As a result of the rapid improvement of steam plant 





by H. L, Guy, Proe.I.Mech.E., vol. 1, 1927. 





during the last 30 years, and the haphazard variation 
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in the pressures and temperatures adopted, it has been 
hardly possible to establish the true relationship be- 
tween price of the plant and increased steam conditions. 

The temperature which the superheater tubes attain 
depends not only on the steam temperature, but also on 
the steam pressure. With a higher steam pressure, the 
temperature of the superheater tubes for any given 
steam temperature is reduced, with the result that 
the increase in the cost of the plant with increased 
temperatures may be greater at lower than at higher 
pressures. These are weighty arguments in favour of 
the practice of stepping up the temperature with the 
pressure. It is also a fact that the art of plant design 
has progressed both towards higher temperatures and 
higher pressures, and the difficulties which had to be 
overcome are similar in character. 

The heat consumptions for different pressures and 
temperatures, er y on the author’s calculations,* 
a boiler efficiency of 88 per cent., and auxiliary powers 
given in Finniecome’s papert and extended down to 
200 Ib. per square inch, are plotted in Fig. 11, on 
page 405. The conditions include five-stage feed 
heating and a vacuum of 29 in. 

In Fig. 12, on this page, the capital value of the saving 
in heat consumption c = mn is plotted as a function 
of steam pressure for three factors, i.e., 100, 200, 300 
(curves A, B and C, respectively), and the increase in 
cost of the plant (curve D) is plotted on the basis of 
two-thirds of the increases given in Guy’s paper. The 
steam temperature is 900 deg. F. It will be seen that 
there is a diminishing return in heat consumption by 
increasing the pressure, whereas the cost of the plant 
increases more rapidly towards higher pressures. The 
economic pressure is that at which the tangents to the 
two curves are parallel to each other. This can be 
determined more easily by moving one curve relative 
to the other until they touch. In Fig. 13, the capital 
value of the saving by increasing the temperature is 
shown as a function of the temperature, and the 
estimated increase in cost is indicated as increasing 
slowly at lower temperatures and more rapidly towards 
the higher temperatures. Again, the economic tem- 
perature is that at which the tangents to the two 
curves are parallel. 

The increase in cost, in shillings per kilowatt-hour, 
for a reduction of heat consumption of 100 B.Th.U. per 
kilowatt-hour, alternatively by increase of pressure or 
by increase of temperature, is shown in Fig, 14, 
in which equal increments in length of the tem- 
perature ordinate represent equal increments in 
temperature, but equal increments of the pressure 
ordinate represent equal per increments in 
pressure. It will be seen that, for a given improvement 
in heat consumption in the higher ranges of pressure 


* Proc.I.Mech.E., vol. 155, page 125 (1946). 
t ibid., page 134. 

















APRIL 29, 1949. 


TEST BED FOR INTERNAL-COMBUSTION 


ENGINES. 





and temperature, the cost increases more rapidly with 
the increase in pressure than it does with the increase 
in temperature. This arises from the fact that the rate 
of improvement in heat consumption due to increase in 
pressure decreases rapidly above 1,350 lb. per square 
inch. Thus the reduction in heat consumption for the 
50 per cent. increase in pressure from 900 to 1,350 Ib. per 
square inch is 2-06 per cent. (for 450 Ib. increase), but 
for the 50 per cent. increase from 1,350 to 2,025 Ib. per 
square inch it is only 1-2 per cent. (for 675 Ib. increase) ; 
whereas the reduction in heat consumption due to 
increase in temperature remains constant at 1-72 per 
cent. for every 50 deg. F. increase in temperature. 

It should be noted also that the curve of increase of 
cost of plant with temperature shown on Fig. 13, 
in which curves A, B and C show the capital values 
of the savings, and curve D the increase in cost, as in 
Fig. 12, from which that on Fig. 14 is calculated, is 
one which has been assumed for t: of demon- 
strating the general relationship outlined above. 
The pressure assumed is 600 Ib. per square inch gauge. 
While this curve may be approximately correct for past 
practice, it is quite possible that, with more experience 
and with improvement in heat-resisting steels, the 
increase in cost for a given improvement in heat 
consumption will decrease in future to a still greater 
extent with increase in temperature than with increase 
in pressure. Thus a greater improvement in overall 
economy may be obtained by raising the temperature 
than by raising the pressure. Thisis perhaps the reason 
for the adoption in the United States of higher tempera- 
tures for a given pressure than has been usual in the 
past; for example, 1,050 deg. F. with a pressure of 
1,500 Ib. per square inch. 

In the neighbourhood of the economic point, con- 
siderable variation from the theoretical economic 
point may be permitted without affecting the overall 
economy appreciably. 

Percent. Percent. Per cent, 
Thus the steam pressure 

could be changed ove 10 20 30 
by incurring an increase 

in cost of generation of 

20. eee --- 0-028 0-143 0-319 
in spite of a change 

heat consumption of ... 0-622 1-243 1-93 


A similar relationship will apply in the neighbourhood 
of the economic temperature. 


Thus the steam tempera- 

ture could be changed 10 deg. F. 20 deg. F. 30 deg. F. 
by incurring an increase in Per cent. Per cent. Per cent. 

cost of generation of ... 0-023 0-073 0-163 
in spite of a change in 

heat consumption of... 0-350 0-690 1-030 


That is, a change in heat consumption of 1 per cent. 
obtained by either a change in pressure or a change in 
temperature from the economic point will increase the 
cost of production by only one-eighth of 1 per cent. 
These figures show that, with standardisation on the 
basis of steps in increase in pressure of 50 per cent., the 
maximum sacrifice in cost of generation need only be 
0-2 per cent., and on the basis of increase in temperature 
of 50 deg. F., only 0-1 per cent. Such losses would be 
more than balanced by the manufacturing advantages 
of standardisation. 

An interesting study on thé subject of economic 
condensing plant was given by W. T. Bottomley,* in 
which he dealt also with the effect of the departure of 
the plant from the condition of minimum cost, pointing 
out that considerable variations may take place without 
affecting the cost of generation to a great extent. He 





* Trans.N.E.C.Inst., vol. 57, page 221 (1941). 


came to the conclusion, however, that, in view of the 
extreme conditions of load and dirtiness of the con- 
denser, this variation may become greater, and recom- 
mended that the plant should be designed for conditions 
of overall minimum costs if possible. If, however, 
the average conditions are visualised and taken into 
account, the argument advanced for designing for 
minimum costs does not appear to hold. tail 
calculations of condensing plant for given conditions 
and designed for different vacua provide differences 
in average costs of generation, as shown in Fig. 15, 
opposite. For an operation factor of 200, representing 
average power-station conditions in this country, the 
vacuum may be ¢ 0-1 in. (mercury) with a 
change in cost of generation of only one-twentieth of 
1 per cent., the heat consumption being c 
roughly one-half of 1 per cent. It is obvious, therefore, 
that changes in local conditions are not likely to 
affect to any extent the possibility of standardisation 
of condensing plant. 





TEST BED FOR INTERNAL- 
COMBUSTION ENGINES. 


Art the end of the recent war, the Esso European 
Laboratories, Abingdon, Berkshire, like many other 
concerns, were faced with the problem of converting 

rt of their premises to a different class of work. The 
aboratories are the research and development unit in 
Europe for the Standard Oil Company, New Jersey, and 
are employed in investigations into fuels and lubricants 
generally. Part of their post-war conversion pro- 
gramme demanded additional test beds capable of 
accommodating multi-cylinder engines up to a maxi- 
mum of 150 h.p., so that work could commence on the 
study of post-war requirements with to fuels 
and lubricants. To construct the traditional form of 


e test bed, however, would have involved serious 
ye in obtaining and machining the castings and 
in building the necessary concrete foundations. It was 
estimated that it would have taken about a year 
before the new beds could have been in operation, so the 
engineering staff of the Laboratories, after studying the 
problem, evolved a new form of test bed which could 
be constructed from stock sizes of mild-steel plate and 
rolled structural-steel sections. 

The general form of the structure is shown in the 
photograph reproduced on this . The right-hand 
end of the bed is provided with longitudinal T slots 
to which are bolted cross bearers for supporting the 
dynamometer while the left-hand end has transverse 
slots which locate tubular supports for the engine 
bearers. Each side of the bed is fitted with three over- 
hanging brackets which rest on anti-vibration supports. 
The latter are of the pedestal type and can be bolted 
to the floor by any standard form of foundation bolt. 
It should be mentioned, however, that in the case of 
the test bed illustrated, one of the anti-vibration 
supports has been omitted so as to show the bolts. 
In order to provide the requisite mass in the resiliently 
mounted structure, the prefabricated steelwork is 
filled in with concrete; this is done after the anti- 
vibration supports have been placed in position and 
immediately before placing the on them. 

The bed is of simple construction and has been 
designed so that machining operations are reduced to a 
minimum. Each longitudinal for the dynamometer 
comprises two channel-sections set slightly apart 
and each channel has a steel plate welded along its 
length, a space being left between the plates to finn 
the longitudinal slots. The cross members for the 
engine pedestals also consist of channel sections, and 





to provide the necessary transverse slots are of the 
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same construction as the longitudinals for the dynamo- 
meter. The structure is stiffened by two H-sections, 
one of which is located transversely between the 
engine-supports while the other is located centrally 
between the longitudinals for the dynamometer. The 
level of the concrete filling is, of course, adjusted so 
as to give the requisite clearance for the heads of the 
T bolts. It will be obvious that, by arranging the 
T slots at right angles to each other, the operation 
of aligning the engine with the dynamometer is greatly 
facilitated. Furthermore, the form of construction 
adopted for the engine bearers renders the lower part 
of the engine easily accessible. 

The bed illustrated has an overall | h of 7 ft. 6 in. 
and a width of 4 ft. lin. The weight of the steel struc- 
ture, before the concrete is added, is 8 cwt., the addi- 
tional weight of the concrete being 13 cwt. This test 
bed is particularly suitable for car-type engines up to 
approximately 60 brake horse-power, but a larger test 
bed having a length of 11 ft. 6 in. has been constructed, 
the total weight of which is approximately 1} tons ; 
This is capable of accommodating the largest type of 
automobile Diesel engine. 

Several test beds of the form just described are now 
in use and are proving satisfactory in every way. 
It has been found possible to construct and install one 
of these test beds in about a month. An incidental 
advantage is that the test beds can be moved easily to 
a new location, and this allows the grouping of several 
test beds in a test room in a manner most suitable for 
the convenience of the staff. 





THE INSTITUTE OF FUEL. 


Durine the late war, the Institute of Fuel carried 
on its activities in circumstances of considerable 
difficulty and the end of hostilities found the staff in 
occupation of tem accommodation on the 
outskirts of London. With the return of peace, the 
Council and General Committee of the 
Institute set themselves two objectives, firstly, to 
secure suitable ene premises, and, secondly, to 

ursue the application for a Royal Charter for the 

nstitute. Both these objects were attained by the 
early part of 1947 and the establishment of head- 
quarters at 18, Devonshire-street, Portland-place, 
London, W.1, and the grant of the Royal Charter 
constitute two of the greatest landmarks in the record 
of the Institute. It is, moreover, satisfactory to note 
that according to the report of Council for 1948, 
presented at the annual corporate meeting of the 
Institute, held in London, yesterday (April 28), over 
20,5001. of the 25,0007. asked for by the Building Fund 
Appeal Committee has been subscribed since the 
inception of the appeal, which was launched in April, 
1947. 

The report shows that the total membership of the 
Institute, including 174 collective members, stood at 
3,467 in March, 1949, compared with 3,193, a 
166 collective members, in March, 1948. The Counci 
record with regret the deaths of two Fellows, Mr. W. H. 
Duffett and Mr. W. M. Selvey (a past-president), and 
nine members of the Institute. A number of highly 
successful meetings were held in 1948, prominent among 
which was a conference on “ Modern Applications of 
Liquid Fuels,” held jointly with the Institute of 
Petroleum at the University of Birmingham from Sep- 
tember 21 to 23. The first of two whole-day conferences , 
on “Combined Heat and Power Supplies,” held in 
London on January 25, 1949, considered matters of 
great importance on general fuel policy. The second 
conference was held on Wednesday of this week, 
April 27, and both have been under the general direction 
of the Institute’s new President, Dr. D. T. A. Townend, 
who was installed last November. 

A handbook on Careers in Fuel Technology, to which 
reference was made in the Council’s report of two years 
ago, and again last year, has not yet appeared. The 
Council state, in their present report, that certain 
considerations have arisen in discussion with the 
Ministry of Labour and National Service, which have 
not given a clear case for proceeding with publication 
in the form originally pro They add that the 

war years have been full of difficulties in education, 

ly on account of the emergency efforts which have 
had to be made to clear war-time arrears. They trust 
that, when a clearer outlook develops it will be possible 
to frame the text of the handbook. Another matter 
of interest was the inauguration of a new Western 
Section of the Institute, at Bristol, on January 28, 
1949. The Council state that the numbers of members 
in this area are not as great as could be wished, but they 
trust that through Institute icipation in the South 
Western Regional Joint Education Committee with 
the Ministry of Fuel and Power, effective developments 
will result. They appeal to all members in the area 
to give their strongest support to the Committee of 
the Section, so that the probationary period may be 
ry and the new Section fully estab- 
ished. 
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NOTES ON NEW BOOKS. 


Engineering Materials and Processes. By L. H. 
Hanooox, A.M.I.Mech.E. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 15s. net.) 

Tas book is the latest addition to the publishers’ 

- National Certificate Series and is intended for use by 

third-year students in mechanical engineering. It is 

divided into four parts, which deal successively with the 
production and properties of ferrous and non-ferrous 
metals, machine tools, processes iring heat, and 
the testing of materials, The author has assumed 
that the average third-year student is employed in 
industry and is familiar with the various types of 
machines. He has endeavoured, therefore, to enlarge 
the general knowledge of the student and give him an 
insight of the basic principles underlying the various 

In the section dealing with machine tools, 

or example, detailed descriptive matter is reduced 
to a minimum, whereas the principles involved in provid- 
ing different speeds and feeds are discussed at greater 
length. The first section gives a comprehensive 
review of the various processes involved in the produc- 
tion of iron and steel, while the section on processes 
requiring heat includes a chapter on the measurement 
of high temperatures, a subject apt to be overlooked. 
In view of the wide scope of the book, the various 
subjects are dealt with briefly of necessity, and it is 
doubtful whether it will assist in the passing of examina- 
tions. There is no doubt, however, that it will give 
considerable assistance in providing that background 
of general knowledge essential to the proper under- 
standing of engineering problems. 





Coal. The “ World of Industry” Series: Book I. 
By A. P. Youna, O.B.E., M.I.E.E. George Gill and 
Sons, Limited, 67-68, Chandos-place, London, W.C.2. 
[Price 3s. 6d. in limp cloth ; 5s. in boards.] 

Tus popular survey of the origin, winning and utilisa- 

tion of coal is best described, perhaps, as a tract; a 

little in the manner of Samuel Smiles, but backed by 

a more advanced technical knowledge than he possessed, 

though suffering from certain shortcomings that he 

ly managed to avoid, especially in the choice 
of illustrations. These are very numerous, but many 
of them might have been omitted without damage to 
the presentation of the author’s theme, which is, 
broadly speaking, to disabuse the reader’s mind of 
any lingering impression that coal-mining is a job 
that any uninstructed labourer could undertake, and 
that coal is a fuel and nothing more. The mature 
reader, of the class that is likely to study the book at 
all, is hardly likely to entertain any such notion; 
the juvenile reader is equally unlikely to appreciate 
the sociological sermonising in which the author 
frequently indulges; and the student, even the first- 
year student who has barely passed school-leaving 
will probably find much of the text, and still more 
of the illustrations, to be too elementary to be attractive 
if he is receiving any technical instruction at all. The 
matter is sound enough, however, and may even 
influence some yout readers to seek a livelihood 
in the extraction and effective use of coal, which 
appears to be one of the several objects of the book. 





Films About Metals. Current Affairs, Limited, 19, 
Charing Cross-road, London, W.C.2. [Price 3s. 6d.] 


Tue use of films for the purposes of technical instruction 
has spread rapidly in educational circles during recent 
years, and an occasional meeting devoted to their 

isplay is appreciated even by the more sophisticated 

audiences of ineering institutions, especially of 
those societies which cater for a wide variety of interests. 
To secretaries of such societies, and to others who may 
wish to present instruction in a manner not entirely 
devoid of entertainment value, this annotated list 
should be a welcome guide. It has been compiled by 
the Scientific Film Association and the Joint Committee 
on Metallurgical Education, and offers a wide range of 
choice, suitable for oe of audience from the 
scientific to the gen public. The classifications 
cover the historical and general types, metallurgical 
theory and research, metallurgical practice and pro- 
cesses, allied techniques (such as heat treatment, 
surface treatment, welding, etc.), and»manufacturing 
processes and ucts. In each case, the notes give the 
date of production, gauge of film, the running time, 
whether the film is “sound” or “silent,” and the 
name of the distributor. Distributors’ addresses are 
listed in an appendix. 

A Short Survey of Industrial Management. By L. 
Urwick. The British Institute of Management, 
17, Hill-street, London, W.1. [Price 2s. 6d.] 

Tue British Institute of Management f comparatively 

@ new organisation, too new as yet to be judged by its 

fruite, but it is entitled to take credit for the publication 





RD een survey A 2 pnts Deh many men 


who consider themselves as “ still 
with some uncertainty of mind, as a field in which the 
ancient cynicism, that “ Those who can, do; those who 
wahies thieteea Se ank ete resjeted 
et—it more—is first of a 
aeen of © Gesnalonal Popes ” which the Institute is 
Ly It bears a cautious editorial note that “ this 
pa e succeeding expresses the 
mf of the author a oes not necessarily Be a 
the official views of the Institute”; a somewhat 
curious observation, reminiscent in its structure of the 
statement introducing a certain paper now enshrined 
in the Proceedings of one of the senior engineering 
institutions, that “It forms a supplement to a forth- 
comi British Standard Specification.” In this 
case, however, the Institute’s warning should be an 
added recommendation ; the theory management is 
still in great part a matter of opinion, but we have 
seldom seen it so cogently e and the time is 
still far distant when the practice of management can 
be codified into a British (or other) Standard. 





Elementary Technical Electricity. By Roserr W. 
Hurcutnson, M.Sc. Second edition. Revised by 
R. J. Huck, M.A. University Tutorial Press, 
Limited, Clifton House, Euston-road, London, 
N.W.1. [Price 9s. 6d.] 

Tue special merit of this book is the inclusion of numer- 
ous diagrams and illustrations, ther with a large 
number of worked-out examples, which are designed to 
help the student or other reader to understand basic 
theories and the practical significance of magnetic and 
electrical phenomena. It is not written with any parti- 
cular examination in view, since, in its more general 
sections, it touches a wide range of subjects 
including, for example, short chapters or phs 
upon the costing of electrical energy, the calibration of 
ammeters and voltmeters, the wiring of buildings, and 
the principles underlying the electron microscope, radar 
and television. Though the wisdom of ranging over 
some of these last-mentioned specialist subjects in an 
elementary book of this kind may be questioned, the 
explanations, as far as they go, are clear and concise, in 
that they indicate what happens rather than why. In 
places the style is rather a though demon- 
trations were being given to a class, and many of the 
diagrams and much of the subject matter has ap 
in similar form in other work by the same author. 
The chapters on electromagnetic, electrostatic, and 
electro-chemical phenomena, and on vectors and simple 
alternating-current theory, together with the test 
questions at the end of the book will, however, prove 
helpful to students working for a National Certificate 
examination, although the main part of their studies 
will have to be pursued in more conventional text- 
books. 


Sawing and Planing. By A. H. Hayoock. The 
Technical Press, Limited, Gloucester-road, Kingston 
Hill, Surrey. [Price 10s. 6d. net.] 

Onty last week, on page 364, ante, we protested that the 
method of setting out the title of a book might mislead 
those who have to index and catalogue it, to the possible 
inconvenience of the would-be reader. The book now 
under review provides another example. On the front 
cover, it is described in gilt lettering as “‘ Sawing and 
Planing, by A. H. Haycock”; and on the spine it is 
“ Sawing and Planing, Haycock.” On the title page, 
however, it is Principles of Machine Woodworking/ 
Sawing/and/Planing/Giving Examples of the Methods 
of Machine Woodworking,/and the Fundamental Prin- 
ciples of the Operation|of Saws, Knives and Cutters|/by| 
A. H. Haycock ; and the first words of the preface— 
“In writing this book, of which the present volume 
forms the first part ’’—make it clear that the title on 
the cover is, in fact, subsidiary. Having registered 
this objection, however, we may say at once that the 
book itself is one which merits high praise, being clear, 
practical and obviously backed by a great deal of 
first-hand experience. It is based on a series of articles 
which appeared in the journal, Wood ; and, while the 
author modestly observes that “ it is out of the question 
for a single individual to know everything about any 
particular subject” and that his book “is primarily 
intended for apprentices and newcomers to the indus- 
try,” he dishes such an expert knowledge of his 
subject that any a tice or novice who absorbs the 
contents with pA sweat Roms will be well on the 
way to earning his living as a woodworking machinist 
ber { should have acquired also the ability to appreciate 
the volume or volumes still to come. 





ANTWERP Farir.—An International Fair is to be held 
at the Palais des Sports, Antwerp, from June 11 to 26. 
Particulars may be obtained from the Secretary, Foire 
Internationale, Anvers, Belgium. 


CATALOGUES. 


Lwubricanis for Mining Machinery.—A folder prepared 
by Messrs. British Jeffrey-Diamond, Limited, Wakefield, 
Yorkshire, indicates the lubricants they recommend for 
use on their mining machinery. 

Industrial Matting.—The attributes and applications 
of Nuway matting for industrial use are described in a 
leaflet issued by the Nuway Manufacturing Company, 
Limited, Endurance Works, Coalport, Shropshire. The 
matting consists of links of tough fibred rubber fitted on 
to a series of wires. 


Moulds for Plastics.—The comprehensive facilities 
for the production of lds for plastics offered by 
Messrs. B.I.P. Tools, Limited, Tyburn-road, Erdington, 
Birmingham, 24, are illustrated and described in a 
booklet, “ The Ultimate in Precision,” which may be 
obtained from the parent firm, British Industrial Plastics, 
Limited, 1, Argyll-street, London, W.1. 

Grinding Discs.—The Helvetia Abrasives Company, 
Limited, Thurmaston, near Leicester, have ‘issued a 
leaflet which gives particulars of the Fascut grinding 
dises which they have developed. The discs consist of 
@ layer of abrasive, either carborundum or corundum, 
bonded by a synthetic-resin plastic, on a disc of vulcanised 
fibre. A number of practical advantages are claimed for 
the discs. 

Colloidal-Graphite Lubrication.—Two leaflets dealing 
with the uses of their Dag colloidal graphite in Iubri- 
cation have been issued by Acheson Colloids Limited, 
9, Gayfere-street, London, S.W.1. The first, bulletin 
No. 94, describes the uses of the product in metal-forming 
operations, such as stamping, extrusion and die casting, 
while the second, bulletin No. 95, concerns high-tempera- 
ture lubrication. 

Rapid Fastenings.—A booklet entitled “ Spire Speed 
Nuts ” gives full particulars of certain nuts and other 
fastenings made by Simmonds Aerocessories, Limited, 
Treforest, Glamorgan. In general, they are of the type 
in which two springy lugs in a small piece of spring-steel 
sheet engage with the threads of the screw, but numerous 
variations of this principle provide rapid fastenings for 
a wide variety of applications. 

Earth-Leakage Circuit Breakers.—A folder issued by 
Messrs. W. T. Henley’s Telegraph Works Company, 
Limited, 51, Hatton-garden, London, E.C.1, deals with 
the circuit breakers they have designed to protect 
consumers’ installations by automatically disconnecting 
the supply when an earth fault occurs. These are rated 
at 250 volts and 30 amperes, the tripping current being 
between 20 and 23 milliamperes. 

Pumps, Valves and Flerible Couplings.—Messrs. 
Warren, Morrison, Limited, 4-6, Palace-street, West- 
minster, London, S.W.1, have issued some leaflets on 
their pumps, valves and flexible couplings. The pumps 
dealt with include those of the plunger-type and bellows- 
type (obviating the use of glands), as well as hand pumps, 
and power-driven rotary pumps. The valves give a full 
and straight-through bore, and like the flexible couplings, 
are simple in design. 

Cutter- and Tool-Grinding Machine.—A universal 
cutter- and tool-grinding machine made by Messrs. 
A. A. Jones and Shipman, Limited, Narborough-road 
South, Leicester, and designated Fig. 1013, was first 
shown at the Machine Tool Exhibition last year, and is 
fully described in a brochure now obtainable from the 
firm. The maximum swing is 8 in., and the length of 
work admitted between centres is 24 in. Several attach- 
mente are available. 


Brushes.—Messrs. Dendix Brushes, Limited, Chepstow, 
Monmouthshire, have issued a catalogue of their compre- 
hensive range of brushes of many types. The various 
forms include wheel, cup, end, converged face, and other 
brushes for power drive, as well as brushes for hand 
use. They can be used for cleaning, scratching, polishing, 
decarbonising, washing out, scouring, painting, and 
many other purposes. Advice on the selection and use 
of brushes is also given. 

Measuring Instruments.—Some of the measuring 
instruments produced by Messrs. Hilger and Watte, 
Limited, 48, Addington-square, London, 8.E.5, are 
described in three pamphlets issued by the firm. One 
deals with optical flats, and another with Watts Microptic 
measuring machines of the horizontal and vertical 
patterns, for measuring to within 0-00001 in. The third 
gives a selection of precision instruments, including a 
circular table, clinometers, levels, auto-collimator and a 
measuring projector. 

Metals, Alloys and Fine Chemicals.—A booklet con- 
taining a brief outline of the firm’s metallurgical and 
chemical products and their use in industry has been 
issued by Murex Limited, Rainham, Essex. Tungsten, 
vanadium, molybdenum and their alloys and chemi- 
cals, and chromium, copper, titanium, manganese, 
aluminium, nickel, boron and cobalt and their alloys, as 
well as other metallurgical products, are dealt with. 











The booklet, which is designated P.M. 13, is printed in 
Frenoh and Spanish, as well as in English. 
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ExHIBITORS at the British Industries Fair in 
Birmingham, which opened on Monday, May 2, 
and closes next Friday, May 13, find themselves in 
a more fortunate position than that which they 
occupied either in 1947 or 1948. Most of the 
equipment shown is now in production, instead of 
being in the prototype stage, and fairly firm 
delivery dates can be given. This does not mean 
however, that selling will be any easier, as in- 
creasing financial stringency and more severe 


driven crane, the type T 10 stacker, a loading shovel, 
and a 10-cwt. “‘ Runabout ’’ crane. The 6-ton lorry- 
mounted crane is designated type QML, and is on 
a standard Leyland Hippo EH/10L three-axled 
chassis, as shown in Figs. 16 and 17, on this page. 
It is suitable for use in most climates, certain modi- 
fications and fittings being provided for hot or dusty 
conditions. The rear road springs of the chassis 
have been replaced by rigid beams, so that the crane, 





| when slewed to either side, will take the load safely. 
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Frias. 16 anp 17. 6-Ton Lorry-MounTED CRANE 


competition are beginning to form bars to progress 
abroad. Fortunately, there is every indication 
that the high quality on which Br‘ta‘n’s reputation is 
based is being maintained. Designers, also, are 
still finding ways of making improvements, as is 
clear from the following descriptions of some of 
the principal exhibits. 

A new 6-ton lorry-mounted crane is to be seen on 
the stand of Messrs, R. H. Neal and Company, 
Limited, Plant House, Ealing, London, W.5. The 
same firm are also exhibiting their type QM Diesel- 











— x 


“ENGINEERING 


; Messrs. R. H. Neat anp Company, LIMITED. 


The beams oscillate in the same manner as the road 
springs, allowing the vehicle to traverse an undulat- 
ing surface. The tyres may be partly deflated when 
the vehicle is to travel a few miles ; or for journeys 
of, say, a 100 miles or more, the road springs can 
be refitted. The crane will lift a load of 6 tons 
at a radius of 8 ft. at a speed of 37 ft. per minute, 
without the use of jacks or outriggers, and will 
travel with the load at a speed of 2 m.p.h. The 
maximum height of lift, at a radius of 8 ft., is 





21 ft. At a radius of 18 ft., the crane will lift a 





load of 2 tons to a height of 14 ft. 6 in. The jib 
shown in the illustrations has been designed to keep 
the height of the vehicle when travelling to a 
minimum of 14 ft. 3 in., and for lifting the maximum 
possible load off lorries and railway wagons. Other 
jibs of various lengths up to 45 ft. can be fitted 
readily, but the mobility of the crane is reduced 
thereby. The minimum margin of stability, with 
the standard-jib crane on level ground, is 50 per 
cent. ; that is to say, at 8-ft. radius the maximum 
working load is 6 tons, but the load which would 
tilt the vehicle is 50 per cent. greater, i.e., approxi- 
mately 9 tons. 

The power unit, which is mounted in the super- 
structure, is a Ruston and Hornsby 3 VSH three- 
cylinder Diesel engine with a continuous rating of 
34 brake horse-power and a maximum rating of 
37 brake horse-power at 1,500 r.p.m. It is fitted 
with a flywheel 20} in. in diameter, and the fuel tank 
holds sufficient fuel for an 8}-hour working day. 
The drive is transmitted through a flexible clutch- 
coupling to the first pinion of a train of machine- 
cut gears which are totally enclosed in a cast oil- 
bath case. A shafts are mounted on ball bearings. 
The gears transmit the drive to the slewing and 
main-transmission shafts. The derricking-motion 
rope drum is driven from the main transmission 
shaft through two plate clutches, adjusted to slip 
at 50 per cent. overload, and a worm-reduction 
gear. The drum is mounted on a worm-wheel 
shaft, and a spring-set brake on the worm shaft is 
connected to the derricking-clutch operating levers 
in such a manner that the brake is not released until 
one of the clutches is engaged. The drive for the 
slewing motion is from two plate clutches, through a 
bevel-gear reversing unit and reduction gears, to 
the final pinion which engages with the slewing ring. 
A slewing brake is fitted to one of the clutches, and 
the maximum slewing speed is 3} r.p.m. 

A plate-type clutch for the hoisting motion is 
mounted on the main transmission shaft, and drives 
the hoist drum through double-reduction gears. 
The drum is of large diameter and will hold 120 ft. 
of rope in one layer. The connection between the 
drum and the hoist brake is through a patented free- 
wheel, which enables the load to be raised without 
releasing the brake. The design of the brake is such 
that the braking effort is directly proportional to the 
hand-lever movement. Thus, the load can be 
lowered surely and steadily at any desired constant 
speed, and brought to rest without a jerk. A high- 
speed reverse drive is provided so that the hook can 
be lowered rapidly. The crane superstructure is 
carried and guided when slewing by Messrs. Neals’ 
arrangement of rollers above and below the slewing 
ring, thus obviating the need for a centre pivot. 
The lower, or “hook,” rollers are mounted on 
eccentric pins so that adjustment can be carried 
out readily. The standard jib, shown in Figs. 16 
and 17, is of welded rolled-steel channels, but the 
longer jibs are of lattice construction. The jib is 
supported by steel-wire ropes passing over pulleys 
on an A-frame, which is mounted on the rotating 
superstructure, independently of the machinery. 
Telescopic spring-loaded struts connect the jib and 
A-frame to prevent the jib from swing over back- 
wards when traversing uneven ground. The driver's 
controls are arranged conveniently in the crane cab, 
and the total weight of the crane, in working order, 
is 15} tons. 

Among the apparatus exhibited on the stand of 
the Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, 17, mention 
may be made of the cab control unit for trolley 
*buses, which is illustrated in Fig. 18, on page 410. 
This unit has been developed to meet the demand 
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Fic. 18. Troiiry-’ Bus Controut Unit; METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED. 


for a simplified and more compact means of housing 
the large amount of control equipment required in 
the modern trolley-’bus cab, such as the main 
field contactors, accelerating controller and auto- 
matic acceleration equipment, braking controller, 
protective relays and the radio interference sup- 
pression coils. The overall dimensions have been 
chosen so as to be suitable for installation on 
vehicles either 7 ft. 6 in. or 8 ft. wide, and the 
maximum height is such that an uninterrupted for- 
ward view is obtained from the passenger saloon. 
To comply with the requirements of the Ministry of 
Transport, special attention has been paid to insula- 
tion. The high-tension and low-tension compart- 
ments are separated and the secondary insulation 
between the inner frame, on which all the apparatus 
is mounted, and the outer case is completely en- 
closed. The housing itself is dust-proof and, to 
secure good visibility, the interior frame and case 
are finished in a light shade of grey. All the 
insulated panels and parts, other than Bakelite 
mouldings, are finished with an additional coating 
of anti-tracking enamel of bright colour which at 
once shows the presence of dirt. 

The controller itself is simple in operation, a 
special feature being the combined reverser and 
battery switch, which eliminates the complex switch- 
ing and interlocking arrangements formerly em- 
ployed. The reverser is mechanically interlocked 
with both the accelerating and braking controllers, 
so that no current is broken at its contacts. Com- 
plete enclosure of the control gear ensures that con- 
tactor noise is not transmitted to the passenger 
saloon. 

The Metropolitan-Vickers Company are also 
demonstrating an example of the Metrolock drive, 
which has been developed to give the accurate speed 
control of direct-current motors necessary on paper- 
making machines, linoleum calenders and other 
similar plant. The principle employed is to com- 
pare the voltages produced by tachometer type 


generators with a reference signal, which, in some | 


applications, may be produced by a third generator. 
By employing an electronic amplifier in conjunc- 
tion with a magnetic amplifier, known as a “ trans- 
ductor,” it is stated that accuracies to within a 
fraction of one per cent. are attainable. The unit 
exhibited comprises two motors which are supplied 
from a common Ward-Leonard generator, thus 
enabling their basic speeds to be varied. The speed 
controls for these motors are housed in a cubicle, 
illustrated in Fig. 19, which contains the amplifiers 
and transductors. A second cubicle contains the 
contactor gear and instruments required for demon- 
stration purposes. 

As shown in the diagram, Fig. 20, the two motors 
a and b are connected to the same Ward-Leonard 
generator c. Tachometer generators d and e are 
coupled to each motor and give a voltage propor- 
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Fig. 21. 125/28-Ton TransFER MovuLpiIne PREss ; 
Messrs. T. H. anp J. DANIELS, LIMITED. 


tional to the speed of the motors. The generator d 
is backed against a reference voltage which is 





equivalent to the basic speed of both motors. Any 
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Fig. 22. Saw-Tooru NotcH1nGc MACHINE ; MEssrs. 
TuRNER BROTHERS (BIRMINGHAM), LIMITED. 


variation in the speed of motor a from that de- 
manded by the reference produces a difference signal 
and results in the amplifier giving an output which 
will correct the speed by varying the armature 
voltage. The amplifier f feeds the transductor g, 
which supplies the field of the generator c. The 
signal from the tachometer generator coupled to 
motor b is backed against that of motor a through a 
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Fig. 23. 200-Ton Hopsine Press ; Messrs. 
Froxney Presses, Liwrep. 


potentiometer A, which provides relative speed 
adjustment between the two motors. Any variation 
in this relative speed produces a signal in the 
amplifier +. This, in turn, feeds the transductor k, 
which appropriately varies the field of motor b. 
For demonstration purposes an additional tacho- 
meter generator is coupled to each motor to indicate 
speeds. @ne speed indicator gives the speed of the 
motor a in the ordinary manner, while the other 
indicates the percentage difference in the speeds of 
the two motors. 

Special features of the “‘ Metrolock” drive are 
that there is no ancillary equipment near the motors, 
while cone pulleys or other variable-speed gears 
for obtaining relative speed variation are also 
eliminated. The ease with which the speeds can be 
adjusted is an advantage, as is the high sensitivity 
and stability which enable speed variations to be 
corrected with a minimum of transient disturbances. 
The system is applicable to motors of any horse- 
power and to any number of motors of which the 
speeds must be closely related and yet adjustable. 
It can also be applied to single motor drives where 
the speed must be maintained constant within very 
close limits. 

Some of the exhibits of Messrs. Alfred Herbert, 
Limited, Coventry, were mentioned on page 385 
of last week’s issue of ENGINEERING. Another 
machine which will be found on their stand is the 
125/28-ton transfer moulding press, made by Messrs. 
T. H. and J. Daniels, Limited, Stroud, Gloucester- 
shire, and illustrated in Fig. 21, opposite. The 
press, which is being shown in operation moulding 
parts by the transfer process, is hydraulically 
operated by an integral pumping unit, and the 
mould is fitted to 20-in. square electrically-heated 
platens with thermostatic control. The moulding 
material is transferred by a 28-ton double-acting 
transfer cylinder which operates from below the 
press table. The main locking ram is of the annular 
type, with diameters of 12? in. and 12 in., and has 
&@ maximum stroke of 16 in. The maximum “ day- 
light” is 30 in. between the tables and 20 in. 








Fig. 24. 50-Ton Duat TransFeR Press; Mzssrs. 


Fryney Presses, Limirep. 


between the platens. The transfer ram is also of the 
annular type, with 6 in. and 5 in. diameters, and a 
stroke of 10 in. It exerts a maximum force of 
28 tons, and of 8 tons in the return direction. The 
transfer section of the machine has a capacity of 
44 cub.in. The maximum pressure in the hydraulic 
system is 1 ton per square inch, at which pressure 
the total table-locking load is 125 tons and the 
opening load is 12 tons. The press is controlled by 
two lever-operated piston valves, and the finished 
mouldings are ejected by means of hanging bars. 
The net weight of the machine is approximately 
70 cwt. 

The exhibits on the stand of Messrs. Turner 
Brothers (Birmingham), Limited, 24, Cliveland- 
street, Birmingham, include a saw-tooth notching 
machine, which has been developed for the high- 
speed forming of teeth on hand-saw and strip-saw 
blades either in short lengths or continuous strips. 
Two types of machine are available, one of which is 
designed to cut teeth on parallel saws up to 4 in. 
wide only, while the other is intended for cutting the 
teeth on both parallel and tapered saws. The former 
type of machine is illustrated in Fig. 22, opposite, 
from which it will be seen that it is a self-contained 
unit fitted with its own driving motor. This motor 
has two speeds and is capable of reciprocating the 
rain at either 150 or 300 strokes per minute. The 
drive is transmitted to the clutch through two V- 
belts in parallel and the motor is arranged on a 
hinged plate, so as to allow adjustment of the belts. 
The clutch, which is of the key type, is arranged so 
that the ram always stops at the top of its stroke. 
The clutch-operating mechanism is interlocked with 
a brake which acts on the crankshaft as soon as the 
clutch is disengaged, thereby preventing overrun. 
The material to be notched is fed into the machine 
by two pairs of rollers, one pair at each side of the 
ram, and the rollers are opened for the introduction 
of new material by depressing the pedal visible in 
the illustration. The feed rollers are rotated by 
ratchets driven by a variable-throw crankshaft, a 
selection of five ratchets being provided with each 











Fie. 25. 100-Ton PLastic-MovuLpine PREss ; 
Messrs. BRADLEY AND TurRTON, LiwTED. 


machine. These give a wide variety of notchings 
ranging from three points per inch, or a pitch of 
4 in., to 25 points per inch. Alternative sets of 
wheels can be supplied, however, which give inter- 
mediate or higher numbers of points per inch, or 
metric pitches. The loading of the feed rollers is 
balanced and can be adjusted by a single screw 
situated below the bed of the machine. The depth 
of tooth is adjusted by altering the position of a 
hardened guide plate situated at the back of the 
feed rollers, the strip being held against the guide 
plate by a pair of spring-loaded rollers. The 
machine shown in the illustration has been designed 
to cut V-shaped teeth, but various angular settings 
are obtainable and provision is made for adjusting 
the punch holder and die inset after regrinding. 
The exhibits of Messrs. Finney Presses, Limited, 
New Eagle Engineering Works, Berkley-street, 
Birmingham, 1, include a 100-ton single transfer 
press, a 50-ton dual downstroke press, a 200-ton 
hobbing press, and a 50-ton dual transfer press. 
The 200-ton hobbing press, which is shown in 
Fig. 23, on this page, has a fixed upper platen 
and a moving lower platen, while the motor-pump 
unit is housed in the upper part of the machine. 
The platens are T-slotted, or fitted with bolsters, 
as shown in the illustration. These bolsters are 
10 in. by 10 in., and the maximum distance between 
them is 10 in. The speed of the upward movement 
of the ram is approximately 0-008 in. per second, 
and that of the return stroke 0-015 in. per second. 
The frame of the machine consists of two vertical- 
slab side plates, joined by an upper fixed crosshead 
and a lower cylinder unit. Both are keyed and 
secured by screws to the side plates. The ram, of 
high-quality semi-steel, is 12 in. in diameter and 
has a stroke of 6in. The gland is of gunmetal, and 
is provided with an extended neck to assist in 
guiding the ram. The ram packing is of the header 
ring duplex type, and is 14 in. deep. The lower 
platen carries four cast-iron slipper guides, one 
at each corner, which slide on four slide bars 
attached to the side plates. The upper and lower 
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bolsters are fitted with set-screws for clamping the 
work, and are case-hardened and ground. A Ven- 
ning }-in. type TS control valve is mounted on 
the right-hand side of the press; it has a single 
lever with a spring-loaded neutral position. The 
hydraulic pump, a Venning single-stage type S 
model, delivers 0-2 gallon per minute at a pressure 
of 1% tons per square inch, and is driven by a 
1}-h.p. 400 to 440-volt three-phase motor. A push- 
button starter and pressure gauge are mounted on 
the top cover. All high-pressure connections are 
of the Ermeto-coupling type, and the piping is of 
solid-drawn steel, with the exception of the pressure- 
gauge connection, which is a rubber hose. Guards 
with Perspex windows are provided. Similar presses, 
with capacities up to 1,000 tons, are also made by 
the same firm. The 200-ton press is approximately 
6 ft. 1 in. high. 

The Finney press shown in Fig. 24, on page 411, 
is known as a 50-ton dual transfer compression- 
moulding press. It consists of two 50-ton up- 
stroke presses, each with two pull-back rams. The 
capacity of the machine is approximately 3} oz. 
(100 grammes) of plastic. The platens are T-slotted 
for fixing the moulds ; and adjustable stripper gear 
with hanger bars is mounted at the sides of each 
press. The stroke of the clamping ram is 8 in., 
its speed of approach is 1 in. per second, and the 
speed of return is # in. per second. The plunger, 
or transfer, unit is mounted separately on the 
crosshead of each press, and is readily accessible 
for adjustment or change of packing. The plunger 
is 1} in. in diameter, and has a stroke of 6 in. ; the 
plunger load is 12 tons. Each press has four 
columns on which the lower platen slides. The 
hydraulic system is fed by a Venning P6 two-stage 
pump, which delivers 12 gallons of oil per minute 
at a pressure of 250 Ib. per square inch, and 1-2 








* CuToceN ” OxycGEen Cuttine Torcn; THE British OxyGEN Company, LIMITED. 


gallons per minute at 2,240 lb. per square inch. 
Each press is controlled by a single pedal-operated 
valve; on depressing it the clamp ram is set in 
motion, followed automatically by the plunger 
transfer ram. This sequence is reversed by another 
movement of the pedal. For the dwell or curing 
period, the valve is arranged with a spring-loaded 
neutral position, which comes into operation when 
the operator lifts his foot off the pedal. The tem- 
perature of each platen can be adjusted up to 
600 deg. F. Signal-light timers and pressure gauges 
are fitted, and the cycle time can be predetermined. 
The hydraulic system is fitted with pressure-regula- 
tor valves, so that the clamping pressure can be 
reduced to approximately 30 tons. The transfer 
motion can be isolated, when compression moulding 
only is being carried out, by means of stop cocks. 
The machine is provided with vertical guards inter- 
locked with the control valve, and with interior 
lighting. It weighs approximately 3 tons and is 
6 ft. 6 in. high. 

Messrs. Bradley and Turton, Limited, Caldwall 
Works, Kidderminster, are showing three examples 
of their comprehensive range of machines for the 
plastics industry: the No. 736 100-ton semi-auto- 
matic hydraulic press ; a 50-ton hand-operated hy- 
draulic press for small moulding work, particularly in 
laboratories ; and the P2 pelleting press for forming 
moulding powder into tablets. The No. 736 
100-ton press, which is shown in Fig. 25, on page 411, 
is similar in capacity and tool space to the firm’s 
No. 336 100-ton press, but is totally enclosed and 
incorporates a self-contained motor-driven pump. 
The main ram load can be varied from 20 tons to 
100 tons; the hydraulic pressure is 400 to 2,000 
Ib. per square inch. The ram stroke is 10 in., 
and the maximum “daylight” is 22 in. The 
pump is driven by a 3-h.p. motor running at 


1,440 r.p.m., and the oil tank has a capacity of 
30 gallons. The standard platens are electrically 
heated, each requiring 3} kW and measuring 20 in. 
by 20 in. by 2 in. The temperature can be ad- 
justed to any value between 250 deg. and 400 
deg. F. Steam- or gas-heated platens can be 
supplied, if required. The ram head is fitted 
with adjustable bronze guides, and the safety 
guards, at the back and front, are interlocked with 
the action of a single control lever. This lever also 
controls the return of the ejector pins when they 
are in use. The return and ejector load can be 
varied from 8-75 tons to 1-75 tons, and the ejector 
return load from 2 tons to0-5 ton. The maximum 
stroke of the ejector is 4 in. The principal speeds 
are 3 in. per second closing (maximum) ; 3} in. per 
second return ; 0-12 in. per second closing mould ; 
1-5 in. per second opening mould; and 1 in. per 
second returning ejector pins. The instruments 
of the press are mounted on a panel, and include a 
pressure gauge, two dial thermometers and an 
electric process timer. The machine is 9 ft. 8 in. 
in height and weighs 4} tons. 

Messrs. Aveling-Barford, Limited, Grantham, are 
showing a wide range of earth-moving equipment, 
concrete-road machinery and a selection of their 
road rollers. The heaviest road-roller exhibited has 
a weight, in working order, and without any extra 
equipment, of over 10 tons, and a rolling width of 
5 ft. 8in. The machine is driven by a Diesel engine 
and is fitted with a pressure-balancing device which 
enables equal pressure to be obtained on all three 
rollers or the maximum pressure to be exerted by the 
rear rollers. Two other Diesel-engined rollers are 
being shown, one of which has a weight of 15,700 Ib. 
and a rolling width of 5 ft. and the other a weight of 
6,750 Ib. and a rolling width of 4 ft. The largest 
earth-moving vehicle being shown is a 44-cubic yard 
shuttle dumper fitted with a 45-brake horse-power 
Diesel engine. This machine is provided with a 
reversible driving seat, which enables it to be 
driven with equal facility with the load either in 
front of or behind the driver. Messrs. Aveling- 
Barford are also showing their “ Calfdozer,” which, 
as its name suggests, is a miniature form of Bull- 
dozer. This machine is illustrated in Fig. 26, on this 
page, and is shown fitted with a two-tine ripper, a 
recent addition to the range of tools for use with 











this machine. As will be seen from the illustration, 
the Calfdozer is a small fully-tracked machine. It 
is fitted with an 8-h.p. single-cylinder four-stroke 
water-cooled petrol engine and is steered by con- 
trolling the tracks. Usually it is equipped with 
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either a 4-ft. 6-in. wide blade, which can be swung 
to either side for “ angledoziug,” or with a turf- 
stripping attachment. The two-tine ripper takes 
the place of the blade or turf-stripper and is designed 
to break up surfaces which are too hard for the 
biade to penetrate, its operation being analogous to 
that of a scarifier. The ripper is secured to the 
blade arm by the same T-headed locking screw as 
is used for the blade, and, when in use, the blade 
arm is allowed to drop so that the points of the 
tines pierce the ground. When the machine moves 
forward, the set of the tines, together with the 
pressure exerted by the driver, leads them into 
the ground. The blade arm is lifted by power, 
and it is possible to hold it at any required height 
above the ground and thereby to control the depth 
of cut. 

The exhibits on the stand of Messrs. Sciaky 

Electric Welding Machines, Limited, Farnham-road, 
Slough, Buckinghamshire, include a number of 
electric seam and spot welders, among which 
mention may be made of the 100-kVA three-phase 
machine illustrated in Fig. 27, opposite. This 
machine is about 6 ft. long by 6 ft. high and is 
4 ft. 4 in. wide; it weighs about 3 tons. It is 
designed for welding either longitudinal or circum- 
ferential seams in mild or stainless steel sheet and 
to operate at speeds from 3 ft. to 12 ft. per minute. 
The electrodes are actuated by compressed air and 
the control gear is mounted on the framework of 
the machine. A special feature of this welder is 
that current is taken from all three phases. It is 
controlled so that the loads on the three phases are 
equal and so that the power factor is not less than 
0-8. The heating conditions are, therefore, uniform, 
while, as there is no transient current, surges and 
consequent flickering do not occur. 
“These results are obtained by using a transformer 
with three primary windings, each of which is 
connected across two phases of the incoming 
supply. This connection is made through a pair of 
ignitrons in parallel, each of which passes one-half 
of the alternating-current wave. At the beginning 
of a cycle of operations one ignitron of the pair in 
one primary circuit is conductive, so that current 
passes between two phases of the system through 
the winding of the appropriate transformer. As the 
voltage in this circuit passes its peak and begins 
to fall, however, and that in the second primary 
circuit begins to rise, the anode voltage of the corre- 
sponding ignitron in the latter exceeds that of the 
first. It therefore becomes conductive in turn, so 
that current flows through the primary circuit of its 
associated transformer. This action is subsequently 
repeated in the third primary circuit, so that during 
the first sequence of operations current flows in 
turn through the three primaries in the same 
direction. As a result, an electromotive force is 
induced in the single low-resistance secondary 
winding of the transformer, thus causing a large 
current to pass through the welding electrodes and 
workpieces. The first set of ignitrons then become 
non-conductive and the second set conductive as 
the alternating current wave reverses, so that the 
other set of ignitréns become conductive and 
current flows through the primaries of the trans- 
former in the opposite direction, inducing a reverse 
current in the secondary. The interval during 
which any of the ignitrons are conductive can be 
pre-set, so that the primary currents are reversed 
at predetermined intervals, thus determining the 
frequency of the single-phase current which flows 
through the electrodes. 

The British Oxygen Company, Limited, Gros- 
venor House, Park-lane, London, W.1, are showing 
two models of the recently-introduced Cutogen 
oxygen cutting torch, and the latest developments 
in argon-arc welding apparatus. The Cutogen 
No. 1 and No. 2 oxygen hand cutters are fitted 
with a one-piece nozzle and a new design of anti- 
backfire injector. The No. 2 cutter is illustrated 
in Fig. 28, opposite. It is suitable for cutting 
mild steel up to 12-in. thick and cast iron up to 
3-in. thick; the No. 1 cutter is suitable for mild 
steel up to #-in. thick, and for sheet metal up to 
#-in. thick, using a stepped-end nozzle. The 
cutting-oxygen valve is operated by the thumb, 
and in the open position there is a straight-through 
passage which ensures that the gas flows in a 





streamline form to the tip of the nozzle. The 
anti-backfire one-piece nozzle is in the result of 
extensive research and experiment and is intended 
to have a working life considerably longer than that 
of the two-piece nozzle. This is due to the fact that 
there is no inner nozzle to become burnt and 
unserviceable. The one-piece nozzle is designed 
also so that its tip can be refaced if either the 
cutting or heating orifices become damaged. The 
heating-oxygen jets are dis radially round 
the cutting orifice. It is stated that the cutting 
Operation can be observed more easily than is 
usually the case owing to the small diameter of the 
nozzle. The metal parts of the cutters are chro- 
mium plated and the hand grip and valve knobs 
are moulded from a hard plastic. The hose con- 
nections and valve knobs are coloured to facilitate 
identification. The nozzles can be supplied to suit 
acetylene, coal gas, propane, etc. 

The latest developments in argon are welding equip- 
ment, particularly for welding aluminium, aluminium 
alloys, stainless steel, etc., include the new Mark IIT 
manual water-cooled torch, the Mark IV machine 
water-cooled torch, and a 300-ampere composite 
set consisting of a high-frequency unit, a suppressor 
and transformer. The Mark III torch has been 
designed for continuous welding of heavy sections 
without overheating. Cooling water and argon gas 
are conveyed through the torch in semi-transparent 
plastic tubes, and the cooling-water outlet tube is 
utilised to carry the welding-current cable. Thus 
only three connecting tubes are required. The 
handle and electrode head are moulded in a hard- 
wearing plastic, and a heat-resisting ceramic hood 
surrounds the tungsten electrode. Aluminium, 
magnesium, stainless steel and copper alloys up to 
#s-in. thick can be welded in a single run, and up 
to 1-in. thick in several runs. Aluminium, mag- 
nesium and stainless steel are welded by means of 
alternating current, but heavy-gauge copper, Ever- 
dure, and copper alloys are welded most efficiently 
with direct current. The Mark III torch is suitable 
for current from 30 to 450 amperes. The welding 
set includes a rest for the torch, arranged so that, 
when the torch is laid on a hooked arm, the argon 
gas is cut off and the high-frequency unit is switched 
off by means of a relay switch. 

What is claimed, probably with some justice, to 
be the largest piece of electrical equipment ever 
shown at the Fair is to be seen on the stand of the 
British Thomson-Houston Company, Limited, 
Rugby. This consists of a 275-kV oil-break circuit- 
breaker unit, which has been designed for large out- 
door switchgear installations. Its general appear- 
ance is illustrated in Fig. 29, on page 420, which 
shows one phase at the Willesden works of the 
company before dispatch to Castle Bromwich, 
and from Fig. 30, on the same page, which is a 
model of ta three-phase unit. Its construction 
is illustrated in the cross sections of one pole and 
of the control chamber and resistor, given in Figs. 
31 and 32, respectively, on page 420. The weight 
of this circuit breaker is over 10 tons and its 
height from the ground to the top of the insulators 
exceeds 23 ft. The oil tank, which, as will be 
seen from the illustrations, is shaped like a watch, 
is more than 10 ft. in diameter and 6 ft. deep. 
The short-circuit breaking capacity is 3,500 MVA, 
the total break time being three cycles (0-06 second) 
on 50-cycle systems. 

The circuit breaker has been developed from the 
firm’s “shunt arc” designs and incorporates 
resistance switching with a self-compensated arc- 
control chamber. A non-inductive wire-wound re- 
sistor is connected in parallel with the arc during the 
interruption of the short-circuit eurrent. The short 
opening time is obtained by using a quick-acting 
low-inductance trip solenoid and by reducing the 
friction and inertia of the moving parts to the 
greatest possible extent, so that high acceleration is 
secured. Each phase of the circuit breaker is a 
self-contained floor-mounted unit with its own oil 
tank. The three phases are coupled together by 
external connecting rods, which are housed in water- 
proof covers to form the three-pole units. The 
fixed contacts are of the rolling-butt pattern, with 
heavy backing springs, and are mounted in a cross- 
jet arc-control chamber. The moving contacts 
consist of aluminium-alloy tubes and are carried 





on a cross bar of the same material, which is sup- 
ported by the tension rod. The arc-control cham- 
bers are shunted by a non-inductive switching 
resistor of nickel-chrome wire without joints. This 
resistor is connected to the fixed-contact assembly 
and to a contact gate in the throat of the arc-eontrol 
chamber, as shown in Fig. 32. 

The oil tanks for each phase are fabricated from 
sheet steel and are of lenticular shape, an arrange- 
ment which results in a saving of some 30 per cent. 
in oil volume over the conventional upright cylin- 
drical design. The inertia of all the fast-moving 
parts has been reduced to the minimum consistent 
with adequate strength by the extensive use of high- 
tensile aluminium alloys. Ball bearings and stain- 
less steel are also freely used to reduce friction. 
The tension rods and guides are manufactured from 
impregnated laminated wood of high mechanical 
and electrical strength and are non-hygroscopic. 
The torsion-bar springs are of high-duty chrome- 
vanadium steel, designed to impart a high rate of 
acceleration to the moving parts. The shock on 
closing and opening is absorbed by ring-spring 
buffer stops and self-contained oil dashpots, respec- 
tively. The terminal bushings are of standard con- 
struction, the central conductor being immersed in 
oil and enclosed in compression-type porcelain 
insulators. They are fitted with steel expansion 
chambers with visual oil gauges. Accommodation 
is provided in the bushing barrel for ring-type 
current transformers. These bushings are capable 
of withstanding repeated overloads, and are propor- 
tioned so that external flashover occurs before 
internal puncture. 

The breaker is operated pneumatically, the neces- 
sary equipment for this purpose being enclosed 
in a weatherproof sheet-steel housing, which is 
mounted on the end phase tank. A further point 
of interest about the unit is that great attention has 
been paid to easy maintenance. A large manhole 
with a hinged cover is provided for this purpose 
and, as access is possible from ground level, there is 
no necessity for ladders, platforms or derricks. 
The arc-control chambers can be handled by one 
man and, after the oil has been run off, the contacts 
can be inspected, changed if necessary, the arc- 
contro] devices replaced, and the manhole cover 
rebolted in one hour. The oil can also be drained 
from one phase and replaced in the same time. 

(To be continued.) 





THE ANGLO-AMERICAN COUNCIL 
ON PRODUCTIVITY.* 


Tae Anglo-American Council on Productivity, 
which was established in October, 1948, opened its 
second series of meetings in New York on March 29, 
1949. It concluded those meetings on April 7, in 
Washington. During the course of the current session, 
British members of the Council have visited United 
States industrial plants and have held discussions 
with leaders of management and labour in 15 centres. 
The Council, which consists of representatives from 
management and labour from the United States and 
the United Kingdom, has as its sole objective the recom- 
mending and taking of such measures as may be possible 
to assist the programme in the United Kingdom to 
increase the level of productivity in British industry. 
Management and labour alike in the United Kingdom 
have strongly advocated this programme, and the 
formation of the Council resulted from the desire to 
expand the scope of the intensive work which is being 
carried on in this respect in Britain. 

It is the conviction of the Council that only through 
an increasing rate of industrial productivity can 
economic stability and a higher standard of living be 
achieved. This is particularly true in Britain to-day, 
where, since the end of the war, full employment has 
existed and where all the resources of the country 
are devoted to production in the effort to balance 
exports and imports and to wipe out the dollar deficit. 
The Council fully endorses the statement which was 
made in the Finletter Report of December 31, 1948, 
“that higher productivity, resulting in greater volume 
of output at lower cost, is the key to British recovery.” 

Great progress has been made in Britain in the past 
12 months. The trade gap is narrowing, but it is 
clear that a continued all-out effort is necessary to 
enable Britain to attain self-sufficiency by 1952. Higher 
productivity and lower costs are indispensable elements 





* Report of the Second Session of the Anglo-American 
Council on Productivity, held in the United States, from 
March 29 to April 7, 1949. Abridged. 
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of the answer. The Council in carrying on its work is 
concentrating on those particular phases of the problem 
where it believes that, in the short term, the maximum 
benefit can be gained. The first six months have been 
largely occupied in laying the foundation for its 
activities. Offices have been established at 2, Park- 
avenue, in New York, and at 21, Tothill-street, in London, 
each staffed with a small group of technical personnel. 

The Council at this series of meetings has reviewed 
the work of the five committees established in London, 
each of which was charged with the responsibility 
of initiating and supervising separate parts of the 
Council’s programme. The studies which have been 
made by the Committees have included the considera- 
tion of a lengthy list of valuable data, and of reports 
prepared by both the United States’ and the United 
Kingdom’s consultants to each committee. The 
Council believes that from these discussions a frame- 
work for future activities has been created which will 
lead to practical results within individual British 
factories. It is to this task that the United Kingdom 
section of the Council will devote itself on its return to 
Great Britain. 

At its first meetings, the Council recorded its view 
that the problem of productivity is, to a great extent, 
a problem of spreading “‘ know how ” and technique. 
In order that the best practices within industry in the 
United States might be made available to British 
industry, arrangements were undertaken for a series 
of visits to American factories by British employees 
from all levels of production. The first team, composed 
of 16 members, arrived in the United States on March 
14. This team, which was chosen in Great Britain by 
a joint committee of the trade association, Employers’ 


Federation, and the trade unions concerned, came | 360. 


from steel foundries of the United Kingdom. Before 
its return home in May, it will have visited steel 
foundries in Milwaukee, Chicago, Detroit, Columbus and 
Philadelphia, to see at first hand American production 
methods and techniques in all phases. When the 
team returns to the United Kingdom, it will make a 
full report to its industry, and arrangements are being 
made for the widest dissemination and use of the 
experience which the team has gained. The entire 
Council, while in Washington, has had the opportunity 
of meeting and hearing a report from Mr. Frank 
Martin, the leader of the team. In Mr. Martin’s own 
words, “this is an immense experience and we are 
getting a great deal out of it. The experience is bound 
to have an influence on our practice.” 

The Council has already received applications for 
visits by more than 30 productivity teams from British 
industries. All applications are receiving the active 
consideration of the Council and visits of additional 
teams are being scheduled to follow as rapidly as 

ible. The normal programme for each team 
involves a stay of six weeks in the United States with 
a preliminary period of study of the over-all conditions 
of their industry before leaving home, and a further 
period on their return devoted to the dissemination 
through their industry of the experience they have 
gained. The Council, however, does not regard this 
project as a “one-way street.” The visitors will 
impart as well as receive knowledge, as the experience 
already gained from the first team is showing. The 
United Kingdom section warmly welcomes the evident 
interest in a reverse flow of teams. 

It is an essential feature of these plant visits that the 
productivity teams will prepare a full report of their 
experience, and impart the knowledge they have 
gained to all sections of their industries in the United 
Kingdom. Such a programme could not be carried out 
without the consequence that there should, at the 
same time, be a comparable exchange of views and 
experience between the firms concerned. The United 
Kingdom section of the Council is not relying on this 
alone to bring about the freer exchange of information 
on the best practices: much is already being done in 
this direction through the trade associations, industrial 
research associations, etc. The United Kingdom 
section will continue to foster these developments, 
which, it is convinced, can play a very real part in the 
attainment of the Council’s objectives. 

The project of productivity team visits is based 
primarily upon parties from United Kingdom industry 
visiting the same industry in the United States. This 
is believed to be the best method of studying those 
features which are peculiar to each industry, but some 
specialised subjects are common to a range of indus- 
tries. Mechanical handling, flow of materials, pack- 
aging, and factory layout, for example, are matters 
that can be more effectively examined by specialist 
teams. The United Kingdom section has asked, 
therefore, that facilities should be given for a few 
teams of specialists to visit the United States to study 
these general aids to productivity and to report their 
experience to United Kingdom industry as a whole, 
so that the lessons learned may be adapted to the 
circumstances of various industries in the United 


lest the economic difficulties of the United Kingdom 
might be resulting in a failure to maintain—let alone 
improve—the level of British productive plant and 
power in particular industries. This question has been 
studied since the first session in the light of existing 
data. While the figures for the two countries are not 
strictly comparable, the further studies of the Council 
confirm that there is apparently available in the 
United States two or three times the amount of electric 
power per industrial worker that is available in the 
United Kingdom. Estimates of installed horse-power 
per operation in the United States and the United 
Kingdom disclose differences of the same general 
magnitude, in favour of the United States. Although 
special efforts have been made in the United Kingdom 
since the war, the relative difference in the use of 
electric power has not changed materially. 

In regard to capital equipment the Council has 
examined comparative figures showing the amount of 
national expenditures devoted to this purpose in the 
two countries. Approximately one-fifth of the United 
Kingdom’s gross national product is currently being 
devoted to capital investment, and this appears to be 
a somewhat larger percentage than is being applied 
by the United States. While there are no compre- 
hensive figures, breaking down the total capital invest- 
ment of the United Kingdom to show the amounts 
spent by individual industries, the following informa- 
tion, published in the British Government’s Economic 
Survey for 1949, shows the analysis in broad categories 
for the years 1947, 1948 and 1949. Fuel and power : 
1947, 130,000,000/.; 1948, 165,000,000/.; 1949, 
220,000,0001. Transport, communications and _ ship- 
ping: 1947, 325,000,000/. ; 1948, 353,000,000/. ; 1949, 
,000,0001. Agriculture, forestry and_ fisheries : 
1947, 70,000,000/.; 1948,  85,000,000/.; 1949, 
95,000,000. Housing (including repairs and main- 
tenance): 1947, 460,000,000/.; 1948, 475,000,000/. ; 
1949, 420,000,000/. Other social services: 1947, 
40,000,000/. ; 1948, 65,000,000/.; 1949, 105,000,0000. 
Defence and administration: 1947, 50,000,000. ; 
1948, 60,000,000/.; 1949, 70,000,000/. Northern 
Ireland (excluding investment in agriculture and some 
smaller items included elsewhere): 1947, 20,000,0001. ; 
1948, 25,000,0007.; 1949, 35,000,000/. The totals 
(excluding miscellaneous fixed investments) are: 
1947, 1,465,000,0007.; 1948, 1,635,000,0007.; 1949, 
1,755,000,0001. Miscellaneous fixed investment 
amounted, in 1948, to 370,000,000/., and in 1949 to 
370,000,0001. 

The above summary shows an increase in the 1949 
figure for investment in fuel and power and in the 
category “other industries’ (which covers the bulk 
of productive industry), which is a step in the right 
direction. At the same time, attention is called to 
the statement contained in the Economic Survey for 
1949 that “‘ about 1,000 megawatts of new (power) 
plants is likely to be commissioned in 1949, but when 
allowance is made for the proportion of this which 
will be out of service for various reasons, and for old 
plants to be scrapped, the net increase in available 
capacity is unlikely to be very much in excess of the 
growth of demand.” 

The Council is arranging for a report to be prepared 
concerning the methods of collection of ‘data relating 
to capital investment and development, of power in 
the United States. Similar information will be com- 
piled about methods employed in the United Kingdom. 
As the Council secures more data it will give further 
consideration to the question of capital investment 
in individual United Kingdom industries. The Council 
examined data about capital investment in several 
United States industries during the period between 
the two wars and is impressed by the large gains in 
output per man-hour accompanying these expenditures 
for plant and equipment. While there are other factors 
which affect productivity, there is no single limitation 
so restricting as a shortage of power and capital 
equipment. If United Kingdom industries are to main- 
tain themselves under world competitive conditions, 
their mechanical efficiency must not be allowed to 
run down. Indeed, it is vital that it must be steadily 
improved. 

Statistical and detailed information on productivity 
is a valuable tool with which to improve industrial 
efficiency. While neither the United States nor the 
United Kingdom has as complete data as is desirable, 
the deficiencies are greater in the United Kingdom. 
Evidence shows that even the existing data act as a 
useful stimulant and make possible valuable compari- 
sons on the relative productivity rates between various 
industries and within the industries themselves. 

The results of the 1947 census of manufacture will be 
available in the United States this year, and in the 
United Kingdom the census of production will shortly 
be completed, with some results published by the 
end of 1949. The Council has arranged for its con- 
sultants to study this data to see what comparisons 
can be drawn between the respective productivity 
indices in the two countries. Meanwhile, arrangements 


in the United States and in the United Kingdom 
which produce similar products and which are drawn 
from widely different industries, to collaborate in 
supplying productivity data. These and other ap. 
proaches to inter-country comparisons that are under 
consideration by the Council will provide more reliab|.: 
knowledge than now exists about the extent and caus: 
of differences between the two countries. 

Directions in which better statistical informatio), 
within each country can help productivity are unde: 
the consideration of the Council, its committee and th: 
consultants concerned. Comparative studies of pro 
ductivity between plants within the same industry 
of the same country show causes of variation and 
trends, stimulate improvement, and are a means o{ 
measuring progress. The Council is convinced of the 
value of increasing this activity and will promote it 
in all possible directions. 

The Council has devoted much attention to the 
questions of standardisation, simplification and speciali- 
sation. Not only has a large selection of rs on 
the subject been prepared, but evidence on individual 
experience was given personally to the Council by 
United States industrialists who appeared, at the 
invitation of the Council, at its meetings in New York. 
As a result, the United Kingdom section has been 
provided with a large volume of material which it will 
utilise in detailed studies to be undertaken in the 
United Kingdom. Many of the advantages of stan- 
dardisation have been achieved in the United States 
by a process known as “ simplified practice recommen- 
dations.” These are recommendations to limit the 
range of sizes or grades of the product concerned, and 
do not normally cover other details. This intermediate 
stage would provide a means by which the work 
which is being done in the United Kingdom on the 
acceleration of standardisation could be helped. In 
the United States, the initiation of “ simplified prac- 
tice” is almost entirely handled by individual com- 
panies and by trade associations. Consideration will 
be given to the sending of a small group from the 
United Kingdom to study the methods used in the 
United States, with the object of promoting similar 
methods in the United Kingdom. 

It would appear that specialised production of 
components has been employed in a larger range of 
industries in the United States than in the United 
Kingdom. It is based on standardisation and results 
in higher productivity and lower costs by enabling 
larger quantities of the standardised products to be 
produced. It also has the effect of mobilising additional 
financial resources and of permitting the end-product 
manufacturers to expand in other directions. 

The dependence of many branches of British industry 
upon export puts a curb on the possible degree of 
standardisation of sizes, grades, or types of products 
that can be achieved without risking loss of markets. 
The Council is anxious, however, to re-state with the 
greatest possible emphasis the particular benefits 
that can be gained from standardisation, specialisation 
and simplification, and in no other way. These include 
the assembly of standardised components in preference 
to hand fitting; the use of specialised machinery 
and handling equipment ; economy in capital demands ; 
the adoption of straight-line methods and correct 
flow of work, with all that this, in turn, means by way 
of simplified clerical procedures and supervision. It 
will be for the productivity teams to study the applica- 
tion of these detailed methods to different industries. 
It is for the leaders in each industry to pave the way 
for the greatest benefit by promoting the most active 
policy of standardisation, specialisation and simplifi- 
cation. 

Low cost of most product8 depends, in the first 
instance, upon design. No manufacturing company 
can hope to attain low-cost production unless the 
product is originally designed with efficient manufactur- 
Ing processes as a primary consideration of the designer. 
This involves the closest liaison between those respon- 
sible for production methods and tooling, and those 
responsible for design. This point must be given 
primary consideration or the benefits of standardisation 
and specialisation will fail to be realised. 

The Council attaches great importance to the effect 
on productivity which can be exerted by a more 
complete understanding of economic facts, not only in 
industry at all levels, but also among the general 
public. This applies both to broad economic trends 
and their implications, and also to technological 
advances and their effects. Educational projects are 
under way in both countries on this subject, but much 
more activity in this direction is desirable. Both 
sections of the Council have made comprehensive 
reports of the action now being taken by management, 
labour, Government, and educational institutions and 
foundations, and this has been supplemented by 
personal reports by United States experts in different 
parts of the field. It is clear that, in each country, 
methods are being adopted which can usefully be 
applied by the other, and the documentary and other 








Kingdom. 
From the outset, the Council has been disturbed 
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«MAMBA” TWIN GAS-TURBINE PROPELLER ENGINE. 


MESSRS. ARMSTRONG SIDDELEY MOTORS LIMITED, COVENTRY. 

















The Council reviewed an exhibit demonstrating the | The Council considers that it has laid a sound and 
use made in the United States of industrial and tech-| promising foundation. Industrial progress comes 
nical publications to promote productivity. The| through the assimilation of knowledge and experience 
technical Press is a vital factor in the United States | derived from many sources. The Council has opened 
industry through its reporting of improved methods and| new channels by which exchanges of production 
techniques. While the difficulties of the trade and | experience can be made between the United States and 
technical Press in the United Kingdom are recognised,| the United Kingdom. Even though the differing 
the Council believes that, if the publishers of the! conditions of industries in the two countries may 
United Kingdom technical Press are provided with | prevent the exact reproduction of methods, the practice 
more technical material, and are given assistance with | of the one can be adapted to the needs of the other. 
respect to the removal of some of the current limita- |The work of the committees and the visits of produc- 
tions, substantial benefit will follow. The United | tivity teams will facilitate and encourage this process. 





Kingdom section will seek the collaboration of industry, 
the technical Press and Government representatives 
in accomplishing this. 

The United Kingdom section presented a paper on 
the extensive action undertaken in the United Kingdom 
by management and labour to promote specialised 
vocational training. The United States section under- 
took to prepare a paper on United States practice, and 
the Council will give further consideration to the 
question after this comparative information is available. 

The Council has covered a wide field in the short 
period of this series of meetings. Much information 
has been exchanged verbally and much written material 
has been collected for further study. The United 
States section has responded and will respond to 
United Kingdom requests for knowledge about United 
States experiences, but action must be taken in the 


The practice of reciprocal interchange will bring 
benefits to both countries that will long outlast the 
_— emergency. The Council looks forward to a 
urther meeting as soon as the projects now undertaken 
have progressed to a point where a date for the meeting 
can be set. 








THE *“ DOUBLE MAMBA’”’ GAS- 
TURBINE PROPELLER ENGINE. 


At the present time, there is a definite tendency 
in this country towards using aircraft e gines coupled 
together to form single power units. So far, this 
| arrangement has been confined to the larger types of 
aircraft ; the Bristol Brabazon Mark I, for example, 
is fitted with four sets of coupled Centaurus piston 





United Kingdom itself, and, in most cases, by the| engines, while the second type of Brabazon and the 
individual industries and in individual plants. The Saunders-Roe Princess flying boats will be fitted with 
United Kingdom section accepts the responsibility of | coupled Proteus gas-turbine propeller engines. There 
initiating this. It wishes to record its indebtedness for | is a possibility, however, that the idea of coupled 
all the work which has been contributed by its United engines will be extended soon to smaller aircraft, as 
States colleagues to enable it to stimulate thought | Messrs. Armstrong Siddeley Motors Limited, Coventry, 
and action on its return. | announced recently the introduction of the Double 
The observations made by United Kingdom members! Mamba, which consists basically of two Mamba II 
of the Council in the course of their visi s to factories | engines placed side by side. The Double Mamba is 
have resulted in their forming the view that higher | illustrated on this page and although the two engines 
roductivity in the United States comes not necessarily | are joined together at the front, mainly by means of 
ben greater physical effort, but rather from longer | the air intake casting and propeller-shaft reduction-gear 
runs of more standardised products, the use of more | casing, they are otherwise two separate power units 
mechanical aids, and better servicing of the operative. | with their own fuel, lubricating and control systems. 
The United Kingdom members of the Council will! Each engine is provided with its own reduction gearing, 
devote themselves to increasing the effective application | which is arranged to drive one of two contra-rotating, 
of mechanical aids, to promoting the acceptance of | co-axial propellers. The small overall diameter of 
technological improvements and to the further develop- | the Mamba makes it possible to obtain an exceptionally 
ment of standardisation in the United Kingdom. It is} compact power unit with this arrangement, and the 
by these means that increasing output per man-hour | overall dimensions are such that it should prove possible 
will be achieved. | to fit the unit into a single-seat naval aircraft, thereby 
The stimulus of competition and its beneficial effect | giving a considerably greater factor of safety. The 
on productivity was again stressed by certain members | manufacturers claim that the combination will give a 
of the Council. Although there is a difference of view | high power-weight ratio for maximum-power operation 
within both sections of the Council as to the relative | with considerable economy in fuel consumption when 
importance of competition, there was cited the recent | cruising at low powers. ; oe os 
creation by Parliament of 2 Monopolies Commission; The Mamba engines used in the combination are 
as evidence of the fact that the subject is under investi-| generally similar to that described in ENGINEERING, 
gation and study in Great Britain. The belief within | vol. 165, page 583 (1948), but before describing the 
the United Kingdom in an expanding economy is as | double unit, it may be advantageous to give a résumé of 
strong as in the United States. its major features. In its main essentials, the Mamba 
Far-reaching results are to be expected from the | consists of an axial-flow compressor which delivers air 





direct contacts that arg being effected through the | to six combustion chambers, arranged around the axis | 


productivity teams’ visits. By seeing for themselves | of the compressor shaft, and a two-stage turbine. The 
what is happening in United States industry, and by | turbine is coupled directly to the compressor rotor 
talking to their United States friends at every level of | and the airscrew is driven from the forward end of the 
production, the visitors are obtaining first-hand impres- | compressor through an extension shaft and epicyclic 
sions that will be more effective than any report of the| reduction gearing. Air enters through an annular 
Council itself. Equally important will be the exchange | intake facing forward and passes directly to the com- 


the combustion chambers into an annulus at the 
entry to the turbine, and then through the nozzles 
and blades of the two-stage turbine. After leaving 
the turbine, the gases pass to atmosphere through an 
exhaust cone and propelling nozzle. On the Double 
Mamba, each engine delivers 1,270 shaft horse-power 
and 400 lb. thrust from the jet. These figures are 
slightly in excess of those quoted in our original article, 
but the improvement has been obtained through 
refinements of design rather than by major altera- 
tions. 

As previously mentioned, in the double unit each 
engine has its own reduction gear train and drives 
one of two contra-rotating, co-axial propellers. The 
reduction gearing, therefcre, is new, but even so, several 
of the components are the same as those used in the 
single engine. The combined compressor and tur- 
bine wheels rotate at a speed of 15,000 r.p.m., and 
this has to be reduced to a propeller-shaft speed of 
1,450 r.p.m., a reduction ratio of 0-097 to 1. This is 
obtained by a combination of epicyclic and ordinary 
spur gearing, the port engine driving the front propeller 
and the starboard engine the rear propeller. Each 
engine is provided with its own epicyclic reduction gear 
unit, which is driven through a helical-tooth sun wheel 
fitted to the forward extension shaft of the compressor. 
The sun wheel meshes with the larger wheels of three 
compound planet wheels, the smaller wheels of which 
mesh with a fixed gear ring, both the smaller planet 
wheels and the fixed gear ring having spur teeth. 
The front of each planet-wheel carrier is fitted with 
a spur gear which, on the port engine, drives a gear 
wheel fitted to the propeller shaft through an idler, 
and on the starboard engine, drives the propeller 
shaft through two idlers, the extra idler being pro- 
vided on the starboard engine in order to give contra- 
rotation of the propellers. Apart from the extra 
idler, however, the two gear trains are identical. 
Each sun gear has 27 teeth and rotates at engine speed, 
namely, 15,000 r.p.m. The helical planet wheels have 
38 teeth and the spur planet wheels 15 teeth, and both 
rotate at 9,116 r.p.m., but owing to the action of the 
fixed gear rings, which have 63 teeth, the carriers, and 
therefore the integral spur gears, rotate at 2,170 r.p.m. 

The planet-wheel shafts are supported by roller 
bearings at the front and by ball thrust bearings at 
the rear. The idler gears are supported at each side 
by roller bearings while the outer of the two co-axial 
oe pa shafts is supported at the front by a com- 

ined roller and ball bearing and at the rear by a roller 
bearing. The inner propeller shaft passes through the 
hollow outer shaft and is supported at the front by a 
roller bearing, the outer race of which fits into the 
airscrew hub, and at the rear by a combined ball and 
roller bearing. 

On each engine the auxiliaries are fitted at the front 
and rear of the auxiliaries case, which is located just 








behind the air intake and engine-mounting casting. 
The drive is transmitted from the airscrew-shaft 
reduction gear through a single inclined bevel shaft 
which passes through one of the aerofoils in the annular 
air intake. The engine auxiliaries include a governor- 
controlled ignition switch, an oil-scavenge pump, the 
main oil pressure and Tecalemit oil-metering pump, 
an electric tachometer, the propeller constant-speed 
unit and the fuel pump. The aircraft-accessories 
gearbox is located above the air-intake casing and is 
arranged to drive those accessories essential for the 
operation of the aircraft, such as brakes, flaps, under- 
carriage, etc., but which are not essential for the 
running of the engine. The gearbox is driven by a shaft 
arranged above the propeller shafts and fitted with two 
spur-type gearwheels, one of which meshes directly with 
the final drive gearwheel for the inner propeller shaft, 
while the other meshes with an idler which, in turn, 
meshes with the final-drive gearwheel for the outer 
propeller shaft. The idler gear is provided to give the 
correct direction of rotation, since the propellers run 
in opposite directions. It will be seen that the acces- 
sories gearbox is driven by both engines, and, in order 
to avoid a connected drive between them, a free-wheel 
is incorporated in the driven shaft. The accessories 
drive is designed to transmit up to 100 h.p. at maximum 
engine revolutions and is arranged so that full power is 
available when either engine is shut down. The drive 
shaft rotates at 0-187 engine speed in a clockwise 
direction as viewed from the rear. Independent 
starting is provided for each engine by B.T.-H. turbo- 
starter motors, fitted to the front of the reduction- 
gear housing. 

The complete unit shown in the illustration has 
a width of 52-8 in. and a height of 42-35 in. The 
overall length, measured from the rear face of the 
propeller-fitting cone to the rear face of the turbine 
housing, is 79-83 in., while the dry weight is 2,000 lb. 
At sea level and maximum take-off rating at 15,000 
r.p.m., the propeller-shaft horse-power is 2,540 and 


within industries in the United Kingdom. The project! pressor. On leaving the compressor, it passes through | the net jet thrust 770 lb., while for maximum continuous 
that specialist teams in addition to the productivity; a diffuser on its way to the combustion chamber | cruising at 14,000 r.p.m., and an aircraft speed of, 
teams should visit the United States will introduce | manifold, where it is directed into the six combustion |say, 300 m.p.h., the propeller-shaft horse-power is 


another medium for spreading knowledge. 





chambers. The products of combustion pass from | 2,300 and the net jet thrust 255 Ib. 
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CRUSH-FORMING ATTACHMENTS 
FOR SURFACE-GRINDING 
MACHINES. 


Messrs. A. A. JONES AND SutpMan, Limirep, Nar- 
borough-road South, Leicester, have introduced three 
crush-forming attachments for use together on their 
6-in. by 18-in. and 10-in. by 27-in. hydraulic surface- 
grinding machines. The attachments enable the edge 
of the grinding wheel to be crushed to intricate forms, 
and the requisite form to be maintained accurately in 
the course of grinding with the minimum of delay to 
production. Two of the attachments are a “ refer- 
ence” roller and its mounting, bolted to the left-hand 
side of the machine table, as shown in Fig. 1, on this 

, and a “ work” roller and mounting, bolted to the 
right-hand side, as shown in Fig. 2. The reference 
roller, which is not driven, is used for initial crushing 
of the grinding wheel, and for periodical re-crushing 
when the form of the work roller deteriorates. The 
latter is used in two ways : running idle, for truing the 
form of the grinding wheel at intervals during produc- 
tion; and when the form of the work roller itself 
deteriorates, the grinding wheel is first dressed on the 
reference roller and then applied to the work roller 
which is driven. The rollers are of high-chrome alloy 
steel. 

The attachments are provided with individual micro- 
meter adjustments to within + 0-0001 in., in a vertical 
plane, so that their heights can be set to correspond to 
the height of the workpiece. The illustrations show 
the workpiece held by a magnetic chuck between the 
attachments, on the traversing table of the machine. 
When adjusted for height, each attachment is secured 
by a locking bolt. When not in use, the reference- 
roller unit is protected from grit, etc., by a metal cover. 
When necessary, the work roller is rotated at a slow 
speed by a fractional horse-power motor. The drive 
is by a V-belt, as shown in Fig. 2, and a serrated clutch 
is fitted to the roller spindle, so that the roller can idle 
when it is used for crushing the grinding wheel, and can 
be driven when it is being dressed by the grinding wheel. 
A cover is provided for the belt drive. The rollers of 
both attachments are carried on spindles mounted on 
pre-loaded ball journal and thrust bearings, which are 
easily removed. 

The third attachment, which is not illustrated, is for 
driving the grinding wheel at a comparatively slow 
speed for crushing on either roller. It is fitted to the 
wheelhead, adjacent to the main-spindle drive, and 
consists of a motor-driven unit driving a pulley through 
worm reduction gearing, which, in turn, drives the 
grinding-wheel spindle through a chain at a slow speed. 
A switch on the bed of the machine controls the slow- 
speed motor. When set to “crush,” the main driving 
motor is cut out, and the slow-speed motor is started. 
A centrifugal over-riding latch is fitted to ensure that 
the slow-speed drive does not operate until the grinding- 
wheel spindle is rotating at less than the truing speed. 
When the switch is set to “grind,” the slow-speed 
motor stops, and the main motor can be started. 





REGULATIONS FOR MINE 
LOCOMOTIVES. 


REGULATIONS covering the design and use of loco- 
motives underground in coal mines, recently issued 
by the Ministry of Fuel and Power, came into opera- 
tion on May | last. Locomotives, which are defined 
as “mechanically propelled vehicles running on rails 
constructed or used for hauling trucks,” if driven 
by internal-combustion engine, compressed air or 
electricity, and with the consent of the Inspector of 
the Division, may be used underground in any mine 
except in certain circumstances for which the consent 
of the Minister is necessary. The special cases are con- 
cerned with electric locomotives supplied from a trolley 
wire, or locomotives fitted with an internal-combustion 
engine other than a Diesel engine. For Diesel loco- 
motives, it is required that air entering the engine shall 
be cleaned, exhaust gases cooled and diluted, and the 
emission of flame or sparks prevented. With storage- 
battery locomotives, the battery compartment must 
be constructed to resist rough usage and must be 
properly ventilated. All locomotives must be fitted 
with brakes which can be applied by direct mechanical 
action, whether or not they are provided with any 
other device for applying them. Means for applying 
sand to the rails must be provided. A combined 
speed and mileage indicator must be fitted so that it 
can be readily seen by the driver, but this requirement 
may be waived for locomotives which cannot develop 
more than 25 h.p. or attain a speed of more than eight 
miles per hour on the level. A headlight capable of 
showing an obstruction 200 ft. ahead on the road must 
be fitted and the driver must be able to see ahead with- 
out leaning out of the locomotive. 


No locomotive shall be used on a gradient exceeding ! 
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REFERENCE-ROLLER ATTACHMENTS. 





Fie. 2. Worxk-Roiier ATTACHMENTS. 


one in fifteen, and the track must be ballasted. On 
roads used only for the carriage of stores or supplies for 
the working of the mine, and the locomotives do not 
exceed 5 tons in weight, rails of not less than 28 Ib. per 
yard may be used ; in other cases not less than 40 h.. 
or 10 lb. with an addition of 5 lb. for each ton weight 
on any pair of wheels, whichever is the greater. The 
distance between the centres of adjacent sleepers must 
not be greater than 2 ft. 9 in., and rail joints must be 
secured with fishplates having at least four bolts. If 
the locomotive has a cab, the roof of the working must 
be high enough to provide 1 ft. clearance; in other 
cases, the driver must be able to stand upright. Side 
clearance where refuge holes are provided must be 2 ft. ; 
on the other side, where there are not more than two 
tracks, it may be 1 ft. Clearance between passing 
locomotives or trucks must be at least 1 ft. 

In safety-lamp mines, determinations of the ow 
content must normally be made at least once a wee 
in roads in which locomotives are used, but where the 
firedamp content exceeds 0-8 per cent. they must be 
made once in every 24 hours. In places in which the 
content is less than 0-2 per cent. continuously for a 





month, determinations need be made only once a month. 
Locomotives may not be used on any road where the 
firedamp content exceeds 1-25 per cent. 

A locomotive must be examined by a competent 
person once in every 24 hours, and by an electrician 
or mechanic once in every seven days. The braking 
system must be tested every seven days. Any protec- 
tive device fitted to an exhaust opening of an internal- 
combustion engine shall be thoroughly cleaned, and if 
necessary replaced once very 24 hours during which 
the locomotive has been run. Diesel locomotives must 
not be replenished with fuel oil in any mine except at 
a filling station which must be built of non-inflammable 
material and have a concrete floor with an inspection 
pit and two means of . Oil fuel must comply 
with British Standard Class A. A Diesel locomotive 
shall be deemed to have a defect liable to affect its 
safe running if the exhaust gas is found to contain more 
than two parts of carbon monoxide, or one part of 
oxides of nitrogen per thousand. Exhaust-gas samples 
at maximum speed on full load, and at normal idli 
speed at no load, shall be taken and analysed at least 
once in every month. 








1) oo 








ENGINEERING. 





417 





CONTINUOUS ROTARY EVAPORATOR. 


MESSRS. 


THOMPSON, 


ROSE, DOWNS AND 


LIMITED, HULL 





Fie. 1. 
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CONTINUOUS ROTARY 
EVAPORATOR. 


Messrs. Rost, Downs anp THompson, Lutrep, Old 
Foundry, Hull, manufacture continuous rotary evapora- 
‘tors for the separation of two liquids of widely differing 
boiling points. Machines of this type have been in 
operation for a number of years for the solvent extrac- 
tion of edible oils, but they may be used equally well 
for other liquids. The particular advantages claimed 
by the makers are rapid evaporation at a low tem- 

ture, no deposition of “fines” or gum on the 
eating surface, economy in steam and space occupied, 
high efficiency (based on the consumption of power 
and steam), and the suitability of the evaporator for 
oils which froth or foam. The design has been deve- 
loped by Messrs. J. Bibby and Sons, Limited, at their 
vegetable-oil solvent-extraction plants at Liverpool. 
An evaporator is shown from opposite ends in Figs. 1 
and 2, on this page, and Figs. 3 and 4 are longitudinal 
and cross sections, respectively. 

The two principal parts are a static steam-jacketed 
cylindrical vessel with end covers, and a drum-like 
rotor which rotates inside the cylindrical vessel. The 
rotor shaft is extended through the left-hand cover 
(Fig. 3), where it carries a pulley for belt drive or is 
coupled to an electric motor through reduction gearing. 
The shaft may extend through the right-hand cover to 
drive a pump for the extraction of the solvent-free 
liquid, or it may terminate at the bearing, in which 
-case extraction is performed by an external pump, as 
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shown in Fig. 3, or by a barometric leg. The steam 
jacket is insulated on the outside, and extends almost 
the full length of the evaporator. Steam enters at the 
top of the jacket and condensate leaves at the bottom. 
The left-hand cover embodies an inlet for the miscella, 
i.e., the combined solute and sclvent, which enters tan- 
gentially, as shown in Fig. 1, and the outlet for the 
evaporated vapour (Fig. 3). It also incorporates a 
bearing housing and stuffing box for the rotor shaft. 
The rotor is liquid-tight, except for two series of 
annular ports in the right-hand end plate, one near its 
periphery and the other near the shaft. A spring-loaded 
sealing ring is fitted between the right-hand end plate 
and the main outer-casing end cover. Sheet-steel 
vanes are attached to the outside of the rotor, with 
which they rotate, close to the inside of the steam- 
heated jacket. The vanes are arranged helically so 
that liquid between the rotor and the steam jacket 
moves from left to right when the rotor is rotating. 
Swivelling and partly-balanced scrapers are also 
fitted to the drum to keep the heating surface clean ; 
centrifugal force ensures that the scrapers are kept in 
light contact with thesurface. The rotor drum contains 
a number of concentric sheet-metal cylinders supported 
by the drum end discs, At alternate ends each cylinder 
has a number of ports with external scoops. 
Evaporation takes place in two stages: the main 
stage, during which most of the solvent is evaporated, 
and the “ stripping ” or “finishing ” stage, when the 
final traces are removed. The miscella enters through 
the tangential inlet in the left-hand cover, and is pro- 





ExtTractorR Enp or EVAPORATOR. 


| pelled by the vanes longitudinally and circumferen- 


tially, together with any foam which may form, along 
the inside heating surface of the steam jacket. This is 
the first stage of evaporation, during which most of the 
solvent liquid is evaporated. The evaporated solvent 
passes out through the outlet shown in Fig. 3. The 
scrapers carried by the drum prevent “ fines ” or gums 
in the miscella from adhering to the heating surface. 
At the right-hand end, the miscella passes from the 
outside to the inside of the rotor for the second stage, 
entering through the outer annular ports in the end 
disc of the rotor. It passes along the inside of the 
rotor to the left-hand end, where it is picked up by 
the scoops and passed through the ports to the inside 
of the first sheet-metal cylinder. Thus, the miscella 
continues to flow back and forth until it reaches the 
right-hand end of the inner sheet-metal cylinder. 
This concludes the stripping or finishing stage, through- 
out which the miscella again flows in a fairly thin 
film but is in direct contact with counter-flow steam 
which is admitted near the centre of the right-hand 
fixed end plate, and leaves the evaporator with the 
evaporated solvent. At the end of the second stage, 
the solvent-free liquid passes out through the inner 
annular port to a sump in the fixed end plate, whence 
it is extracted either by a suction pump or by a baro- 
metric leg. 

The makers state that one of these evaporators, 
occupying only about 100 sq. ft. of floor area and 
about 7 ft. high, is regularly evaporating about 6 tons of 
trichlorethylene per hour from 1 ton of vegetable oil ; 
but this is not its maximum output. The finished oil 
contains only a very slight trace of solvent, and the 
maximum temperature does not normally exceed 
90 deg. C. The process time is 3 minutes. Another 
evaporator is “ drying” or “ brightening ” 10 tons of 
vegetable oil per hour at a temperature of below 
80 deg. C. The power absorbed by the evaporator and 
the finished-oil pump is about 44 h.p. If a vacuum 
pump is used on a condenser for the evaporated solute, 
the total power required depends on several factors, but, 
as a general indication, it may be noted that on tests 
which have been made, the total power required for the 
evaporator, vacuum pump and oil pump has usually 
been about 8 h.p. The makers state that the evapor- 
ator, in conjunction with a condenser and vacuum 
equipment, is suitable for carrying out evaporation 
as quickly and at as low a temperature as possible. 
The evaporator has also proved to be satisfactory for 
the “ brightening” of various vegetable oils by the 
removal of the last traces of solvent. 
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Messrs. THE ELECTROPLANT COMPANY, Palace of 
Engineering, Wembley, Middlesex, have received an 
order from the British Overseas Airways Corporation for 
two Ward-Leonard sets. One of these has an output of 
230 h.p. and the other of 160 h.p.; and both are being 
constructed from second-hand equipment to the special 
requirements. The necessary switchgear for the installa- 
tion is included in the contract. 


Messrs. HARLAND AND WOLFF, LIMITED, subject to 
the approval of the Ministry of Health, have received an 
order for four dual-fue] Diesel engines with a total output 
of about 1,400 b.h.p., to be installed at the Kew Works of 
the Richmond Main Sewerage Board. Two of these 
engines will be utilised to drive 335-kW alternators, and 
two to drive pumps, the latter each having an output of 
about 240 b.h.p. All the engines are arranged to run on 
fuel oil, and, alternatively, on methane gas derived from 
sewage digestion, in which case ignition will be promoted 
by the injection of a small quantity of fuel oil, the 
changeover from one fuel to the other being accom- 
plished by means of a simple control handle. 


ASSOCIATED BRITISH OIL ENGINES LIMITED, and the 
BRUSH ELECTRICAL ENGINEERING COMPANY, LIMITED, 
Duke’s-court, 32, Duke-street, St. James’s, London, 
8.W.1, have received an order from the Isle of Man 
Electricity Board for the supply of Diesel-electric generat- 
ing plant and switchgear to provide current for the whole 
of the Island, excluding the town of Douglas, which has 
its own power station, equipped with Brush turbines. 
The contract includes six 920-kW alternating-current 
generating sets comprising Mirrlees “HFS” 8 eight- 
cylinder turbo-charged engines developing 1,320 b.h.p., 
at 375 r.p.m., direct-coupled to Brush 920-kW, 1,150-kVA, 
0-8 power-factor, 11,000-volt, three-phase 50-cycle 
alternators. The main switchgear will consist of a 
15-panel Brush switchboard for controlling the six 
generating sets and requisite feeders and transformer 
control. There will also be six exciter cubicles and the 
contract includes a 10-ton crane, motor-driven fuel-oil 
pumping sets and air-starting equipment, with motor- 
driven and engine-driven compressor sets. 


During the past month the British Electricity 
Authority, Great Portland-street, London, W.1, have 
placed contracts for generating-station and other equip- 
ment amounting, in the aggregate, to 3,038,3632. These 
include coal-handling plant foundations for Brighton 
* B ” station, and foundations, buildings and river works 
for Littlebrook “‘ C ” station, with HaLLAway BROTHERS 
(LONDON) LimITED ; structural steelwork for Rye House 
station, with Dawnays LIMITED; coal-handling and 
storage plant for Rye House station, with INTER- 
NATIONAL COMBUSTION LIMITED; superstructures for 
Blackwall Point station, with PETER LIND AND COMPANY, 
LIMITED ; a switch house and control room for Accrington 
station, with J. GERRARD AND Sons, LIMITED; 3-kV 
switchgear for auxiliary services for Bankside station, 
with FERGUSON, PaILIN, LIMITED; turbine-house base- 
ment and foundations for Carmarthen Bay station, with 
BALFOUR, BEATTY AND COMPANY, LIMITED ; boiler-house 
superstructure and reinforeed-concrete work for Harts- 
head station, with FRam REINFORCED CONCRETE CoM- 
PANY, LIMITED; and switch-house superstructure for 
Agecroft station, with M. J. GLEESON LiImITED. 





FLAME SPRAYING OF METAIS AND PLASTICS.—On 
page 144, ante, in the course of a paper on “ Flame 
Spraying of Metals and Plastics in Engineering and 
Shipbuilding,” read before the Institution of Engineers 
and Shipbuilders in Scotland by Mr. F. A. Rivett, and 
reprinted in our columns, some particulars of fused 
plastic coatings of polythene are given, and it is added 
that this substance is “sometimes called Alkathene.” 
Messrs. Imperial Chemical Industries Limited now 
inform us that Alkathene is a trade mark registered by 
them for their brand of polythene sheet. As it is the 
name of a proprietary material we should have printed it 
with a capital A. 





DEVELOPMENT OF PorT OF CHITTAGONG.—The Govern- 
ment of Pakistan have decided to carry out considerable 
development works at the port of Chittagong, in Eastern 
Pakistan. These will include the construction of up to 
nine new jetties, the remodelling of the existing four 
jetties, and the general modernisation of the facilities of 
the port, at a cost of several crores of rupees. The 
Government propose to invite tenders for the work in the 
near future as it is desired that this should be completed 
in the shortest possible time. Contractors who are 
interested are invited to write immediately, and in any 
case not later than June 30, to the Secretary, Ministry 
of Communications, Government of Pakistan, Karachi, 
giving a list of the engineering and harbour works carried 
out by them during the past 15 years and their cost. 
We are requested to add that applications should be 
confined to those firms which have successfully executed 
individual contracts to the value of Rs. 25,00,000. 








Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, S.W.1, at 
the price quoted at the end of each paragraph. 


Wedge-Gate Valves for Petroleum.—A new specifica- 
tion, B.S. No. 1414-1949, covers flanged steel outside- 
screw and yoke wedge-gate valves for the petroleum 
industry. In order to meet the requirements of the 
international petroleum industry, the new publication 
has been based on specification API No. 600A-42, of 
the American Petroleum Institute. This will have the 
advantage of ensuring interchangeability in practice 
between equipment produced by British and American 
manufacturers. The specification provides full design 
details and contains also tables of all the essential 
dimensions for the valves. These will be identified by 
seven numerical designations, namely, 150, 300, 400, 
600, 900, 1,500, and 2,500, which represent their 
respective primary-service pressure ratings at certain 
stipulated temperatures. A British Standard schedule 
of steels for use in the petroleum industry is in course 
of preparation, and, pending the issue of this, references 
are made, in the present publication, to existing 
specifications issued by the American Society for Test- 
ing Materials. Full pressure-temperature ratings for 
all classes of valves are also included. [Price 7s. 6d., 
postage included.]} 

Fixing Accessories for Building Purposes.—Another 
new specification, B.S. No. 1494, stipulates the materials 
to be employed for making, and the principal dimen- 
sions of, fixing accessories used in the building industry. 
These accessories include hook and roofing bolts and 
nuts, washers for roofing sheets, cone and mushroom- 
head gutter screws, screwed and lugged pipe brackets, 
pipe clips and hooks, single and , sat 5 pipe rings, 
rag bolts, coach screws, handrail and dowel screws, 
screw eyes, gate and shutter hooks and eyes, wire 
staples, screw cups, wall hooks, brass-head nails and 
escutcheon pins. The general requirements concerning 
materials and workmanship are given in the first part 
of the specification. Tables of dimensions and specific 
requirements are contained in the second part, which is 
divided into three sections, namely, fixings for corru- 
gated roofing sheets, fixings for pipes, and sundry 
fixings. i of all the fixings covered by the 
specification are included. [Price 5s., postage included.] 





BOOKS RECEIVED. 


“* Mechanical World”” Monographs. No. 49. Alloy 
Steels: Their Properties and Industrial Application. 
By J. WINNING. Emmott and Company, Limited, 
31, King-street West, Manchester, 3. [Price 2s. 6d. 
net.) 

Nickel in Non-Ferrous Castings. The Mond Nickel 
Company, Limited, Sunderland House, Curzon-street, 
London, W.1. [Free to business applicants.] 

Engineering College Research Council of the American 
Society for Engineering Education. Proceedings of the 
Annual Meeting, Austin, Texas, June 14 to 16, 1948. 
The Secretary, Engineering College Research Council, 
College of Engineering, The State University of Iowa, 
Iowa City, Iowa, U.S.A. [Price 1 dol.] 

Hydro-Electric Engineering. By GEOFFREY GERARD. 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 20s. net.] 

The College of Aeronautics, Cranfield. Report No. 24. 
Experiments on an Induction-Type High-Speed Wind 
Tunnel Driven by Low-Pressure Steam. By G. M. 
LILLEY and D. W. HoLper. The Librarian, The 
College of Aeronautics, Cranfield, Buckinghamshire. 
[Strictly limited issue ; copies free to approved firms, 
Institutions and official bodies.] 

Ministry of Fuel and Power. Electricity Supply, 1946- 
1947. Return of Engineering and Financial Statistics 
Relating to Authorised Undertakings in Great Britain 
for the Year 1946-1947. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 30s. net.] 

Department of Scientific and Industrial Research. Na- 
tional Building Studies. Special Report No. 6. Pattern 
Staining in Buildings. By N. S. BILLINGTON and 
Dr. D. G. R. BONNELL. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 6d. net.] 

Department of Scientific and Industrial Research. Memoirs 
of the Geological Survey of Great Britain. Petrology of 
the Northampton Sand Ironstone Formation. By Dr. 
J. H. Taytor. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 12s. 6d. net.] 

British Intelligence Objectives Sub-Committee. Overall 
Report No. 11. Electric Power Engineering in Germany 
During the Period 1939 to 1945. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 1s. 3d. net.] 

Théorie et Pratique du Séchage Industriel. By P. Razous. 

Fifth edition. Dunod, 92, Rue Bonaparte, Paris (VIe). 

[Price 1,250 francs.] 








managing director of Messrs. Lancashire Dynamo ani 
Crypto, Limited, has been elected chairman of ti 
Council of the British Electrical and Allied Manufa.- 
turers’ Association, 36 and 38, Kingsway, Londo, 
W.C.2, for the current session. Mr. Bosworth has be: 

a member of the Council since 1942. 


Mr. Matcoim L. JAMIESON, J.P., has relinquished 
his position on the board of Messrs. G. and J. Weir, 
Limited, Cathcart, Glasgow, S.4, on medical advice. 


Mr. A. 8S. BLacK, manager of the Scottish branch: 
of the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, has been elected to 
the board of directors. Mr. Black joined the staff of 
the company in Glasgow in 1910. 


Mr. F. H. BuLiocg, B.Sc., M.I.C.E., engineer to the 
East Worcestershire Waterworks Company, has been 
appointed to fill a vacancy on the Council of the Institu- 
tion of Water Engineers, Parliament Mansions, Abbey 
Orchard-street, London, S.W.1, caused by the death of 
Mr. S. H. W. Mipp.eton, B.A., B.A.I. (Dubl.), M.I.C.E. 

Mr. S. J. Davies, A.M.I.C.E., has been nominated by 
the committee of the Midlands (formerly the Birmingham 
and District) Association of the Institution ef Civil 
Engineers, to succeed Mr. F. C. VoKES, B.Sc., M.I.C.E., 
as chairman for the 1949-50 session. 

Mr. K. S. EstTiin has resigned his position as manager, 
Plymouth sub-office, Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester, 17, and 
has been succeeded by Mr. W. S. Livsey, D.S.C., B.Sc. 
(Eng.). Mr. J. S. HALL, who has been acting manager 
of the firm’s Swansea sub-office since November, 1948, 
following the death of Sir ARTHUR WHITTEN-BROWN, 
K.B.E., M.I.E.E., has now been appointed manager. 

Mr. H. F. Ports, M.I.Mech.E., has been appointed 
sales director of Messrs. B.S.A. Tools Limited, Macka- 
down-lane, Marston Green, Birmingham, and also of 
Messrs. Burton, Griffiths and Company, Limited, 
Birmingham, and the Index Automatic Machine Com- 
pany, Limited, Redditch, Worcestershire. 

Mr. D. L. DENNISON has been appointed sales manager 
of the Birmingham Tool and Gauge Company, Limited, 
Soho Hill, Handsworth, Birmingham, 19. Until recently. 
this position was held by Mr. C. V. BREWSTER, who is 
now general manager. 

Mr. H. V. Harris, secretary of Messrs. Bennis Com- 
bustion Limited, has been elected to the board. 

Messrs. BENNIS COMBUSTION LIMITED, announce 
that they have formed a subsidiary company, BENNIS 
MECHANIZATIONS LIMITED, High-street West, Fenton, 
Stoke-on-Trent, to take over and develop the business 
previously carried on by Messrs. RICHARD CORITTALL 
MECHANIZATIONS LIMITED. Mr. F. C. Cooper, who 
was previously a director and general manager of the 
latter company, will continue to serve the new concern 
in the same capacities. The services of other key 
personnel are also being retained. 

Mr. LESLIE O’CoNNOR, whose services have been 
loaned to the Ministry of Fuel and Power as Director of 
Coke, in charge of coke supplies, for the past nine years, 
has resigned this position as from May 1, in order to give 
more time to his duties as Director of Carbonisation of 
the National Coal Board. 

The INTELLIGENCE SEcTION of the 
BoarRp has removed from Cromwell-road, 
“The Abbey,” Southend-road, Beckenham, 
(Telephone : BECkenham 5015.) 


Gas RESEARCH 
8.W.7, to 
Kent. 








INSTITUTION OF ELECTRICAL ENGINEERS.—The pro- 
posed summer visit to Greenwich of the Radio Section of 
the Institution of Electrical Engineers has had to be 
cancelled. The visit was to have taken place on a 
Saturday afternoon in June. 


THE COLCHESTER LATHE COMPANY.—Last week we 
received, but too late for inclusion in our issue of April 29, 
advice of the sudden death on April 22, at the age of 68, 
of Mr. Robert Blair, B.Sc., who had been manager of the 
Colchester Lathe Company, Limited, Hythe, Colchester, 
since 1915. It is with much regret that we have since 
learned that Mr. John E. Cohen, their managing director, 
who founded the company, died at Bournemouth on 
Sunday last, May 1. 





EUROPEAN COAL ALLOCATION.—<According to a state- 
ment of the United Nations Economic Commission a 
total of 13,200,000 tons of coal and coke has been recom- 
mended for allocation to 17 European countries and to- 
Trieste for the second quarter of 1949. This figure is 
800,000 tons above the amount recommended for alloca- 
tion in the first quarter of the year. The second quarter 
allocations include 7,700,000 tons of fuel which are ex- 
pected to move under normal trade agreementsbetween 
the participating eastern and western European countries. 














eToeoerlC TlUC( 


Se ee a 








May 6, 1949. 


ENGINEERING. 





419 








NOTES FROM THE NORTH. 

Giascow, Wednesday. 
Scottish Steel.—Steady progress continues to be made 
with both ingot and pig-iron production at local works. 
The level of the former is maintained at the high standard 
of recent months, while the latter has been restored to 
the end of 1948 rate with Colvilles’ No. 1 blast-furnace 
in operation again after being off for three months for 
re-lining. Long-term prospects at this firm’s works are 
bright following the recent announcement that their 
No. 2 furnace, when taken off for re-lining in March, 
1950, will be modified to the “ high-pressure ” system 
developed in America, as this is expected to increase iron 
production at the furnace by 15 to 20 per cent. In the 
meantime, the raw material situation remains satis- 
factory. Coke requirements have increased, but deli- 
veries from the south have been resumed to supplement 
local supplies. Iron-ore imports are covering immediate 
needs, while tonnages of home and German scrap are 
adequate. Makers and re-rollers are making good 
progress with allocations for Period 2. Practically all 
new business offering is now for the third quarter or later. 
Additional tonnages of small bars and light sections are 
expected to be placed with Holland, Sweden, and Finland, 
following the recent completion of bi-lateral trade agree- 
ments. Despite some evidence of weakness on the 
Continent and in America, there is little sign of any 
considerable slackening in business here on overseas 
account, the Dominions notably being keen buyers of 
both light and heavy steel products. Sheets are also 
wanted in large quantity. The home demand likewise 
remains firm. 


Scottish Coal.—With all the pits in the sub-areas of 
the Central West, Central East, and Fife working on 
Saturdays, the output from the Division in the third 
week of April rose sharply to 496,000 tons, as compared 
with an average of about 475,000 tons in the preceding 
weeks. The expansion was offset last week, and produc- 
tion this week will be severely curtailed by the holidays 
during the past two days. The Fife system of having all 
collieries working every other Saturday, in preference 
to one sub-area in alternate weeks, has proved satisfactory, 
and it is understood that there is a likelihood of other 
areas adopting the scheme. Absenteeism in Scottish 
mines has increased this year, the figure in February, for 
example, being 10 -94 per cent., in contrast with 9-13 per 
cent. a year ago. This has counterbalanced, to some 
extent, the rise of 1,000 in manpower to 82,260, with the 
result that supplies for consumers are not improving as 
well as could be desired. The stipulated tonnages to 
tide coke-ovens and gasworks over the holidays seem 
likely to be sufficient, although further strengthening of 
reserves is necessary to bring them up to a more prudent 
standard. Exports continue to expand slightly. 





NOTES FROM SOUTH YORKSHIRE. 


& SHEFFIELD, Wednesday. 
Iron and Steel.—Local brands of pig-iron are coming 
forward fairly satisfactorily, and hematite irons are in 
sufficient supply. The movement of iron and steel 
scrap from sorting yards to steel plants is on a rather 
better scale, and is permitting a high production of 
open-hearth steel. There are still shortages of steel; 
notably in high-carbon qualities. Activity in alloy steel 
is unabated, and in the case of stainless-steel sheets the 
demand far exceeds the supply. Gradually the consider- 
able arrears on the books of makers of edge tools are 
being reduced. Some tool manufacturers advocate 
mass-produced methods on American lines. It is con- 
tended that American firms, working a 40-hour week, 
achieve very large outputs by standardising products 
and simplifying production technique. Australian firms 
are giving good deliveries of tools at prices much lower 
than those of Sheffield. Further satisfactory progress 
has been made with the modernisation of steel foundries, 
and the equipment of new and additional forges. Deli- 
veries of slabs and billets have been improved slightly, 
and operations at rolling mills and forges are more 
satisfactory. The demand for hacksaws is strong, and 
there is a continuous call for engineers’ small tools. 


South Yorkshire Coal Trade.—It is understood that 
coal prices are to be revised, and that probably best 
qualities will be dearer and inferior grades cheaper. 
Steps are being taken for the gas industry to obtain coal 
supplies directly through the National Coal Board 
organisation, thus cutting out the factor and merchant, 
who have conducted the business with skill for very many 
years. A similar scheme is also projected for the elec- 
tricity undertakings; already British Railways buy 
directly from the Coal Board. The demand for coal is 
very strong, and supplies fall rather short of requirements 
except in house coal, which moves slowly. Efforts are 
being made to reduce the heavy stocks of off-the-ration 
house coal, which householders do not care for. Coking 
coal is in stronger request, and gas coal is in good 
demand. Patent fuel and gas coke move moderately. 
Hard coke is active. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel producing plants 
continue to operate as fully as circumstances warrant. 
The consequent heavy total tonnage output, however, 
is far from adequate for current needs and as fixed 
values compare favourably with quotations ruling for 
commodities manufactured by competition in other 
countries, a continued heavy demand for Tees-side 
products is expected. The prospective requirements of 
home and overseas customers are still extensive and 
there seems little likelihood that the present financial 
strain will affect the demand for Tees-side products to 
any extent until buyers have covered their essential 
needs. The position in regard to raw materials is im- 
proving ; imports of high-grade foreign ore are increasing, 
and the yield of the Cleveland ironstone mines continues 
gradually to increase. The demand for larger supplies 
of pig iron shows no diminution. Only 24 blast-furnaces 
are in operation in the North-Eastern area, and some 
slight shrinkage in output is reported, but the make still 
exceeds that of any other home producing area. 

Foundry and Basic Iron.—Many complaints continue 
to be heard of pig-iron shortage. Ordinary foundry 
quality especially is wanted in considerably larger quan- 
tities than are available, and its scarcity necessitates the 
very extensive use of cast iron scrap. 

Hematite, Low-Phosphorus and Refined Iron.—The 
limited make of East Coast hematite is moving promptly 
into use and regular customers are pressing for larger 
parcels than they are receiving. Available quantities of 
low- and medium-phosphorus grades of iron are readily 
taken up and larger deliveries would be welcome. Refined- 
iron manufacturers are providing users with sufficient 
tonnage for their actual needs. 

Manufactured Iron and Steel.—Semi-finished and 
finished ironworks are busily occupied on good contracts 
and the prospective demand is expected to keep plants 
well occupied beyond the second half of the year. Steel 
plants are running at extremely high pressure and are 
achieving record outputs. The weekly production on 
the North-East Coast has reached 62,500 tons. Increasing 
tonnage is being released for shipment overseas and as 
the quantities available for urgent home purposes fall 
short of requirements, allocations of parcels for ship- 
building over the present quarter have had to be cut by 
5 per cent. Sheet-makers’ commitments are too heavy 
to permit the acceptance of further orders at present, 
and bookings for plates, railway requisites and commo- 
dities needed for constructional work require the fullest 
activity of the producing plants. Deliveries of steel 
semies from home and Continental sources are substan- 
tial, but re-rollers would welcome still larger parcels. 


NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 


The Welsh Coal Trade.—The South-Western Divisional 
Coal Board have given 14 days’ notice to the 400 men 
engaged at the Gellyceidrim anthracite colliery, near 
Swansea. The colliery is to be closed to avoid further 
waste of public money. The Board accused the men 
concerned of being non-co-operative, thus causing output 
to fall extremely low. This will be the fifth anthracite 
colliery to be closed since nationalisation and the twenty- 
fourth in the whole division. About a dozen have been 
closed for economic reasons. The difficulty of obtaining 
Welsh and other British coals for export has been 





affected in the past week by the action of consumers in |_ 


Eire who have purchased several cargoes of Polish coal. 
This will be the first Polish coal they have bought since 
1935. British exporters had hoped to supply Eire with 
about 1,500,000 tons of coal this year, of which the 
share of South Wales was about 150,000 tons. This 
would have been about half the total sent by the country 
to Eire in pre-war years. It has become doubtful, 
however, whether the programme could have been com- 
pleted, and this has led the Irish buyers to seek other 
supplies. The first cargo of Polish coal was due at Cork 
early in May from Gdynia and amounted to 3,000 tons. 
It was stated to be of good quality and although the 
f.0.b. price was lower than British, freight and other 
costs would bring up the price to the Irish consumers 
to about the same as that ruling for British coals. The 
scarcity of supplies has held up operations on the steam- 
coal market throughout the past week. As a result 
of past bookings, very little fresh business could be 
entertained for delivery before the end of May. The 
home demand remained very active, and as a result 
export operations suffered. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates was well 
maintained, but makers, having well-filled order books 
for Period 2, were unable to accept much of the business 
offered them. The production was at a comparatively 
high level and the output for the first quarter was about 
5 per cent. higher than that for the March quarter, 1948. 





NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—Education 
Discussion Circle: Monday, May 9, 6 p.m., Victoria- 
embankment, W.C.2. Discussion on “ Graphical 
Methods of Teaching Electrical Engineering, Including 
Radio,” to be opened by Mr. S. N. Ray. North Midland 
Centre: Tuesday, May 10, 6.30 p.m., Yorkshire Elec- 
tricity Board Offices, 1, Whitehall-road, Leeds. Annual 
General Meeting. Address by the President of the 
Institution, Mr. T. G. N. Haldane. Supply Section: 
Wednesday, May 11, 5.30 p.m., Victoria-embankment, 
W.C.2. Annual Lecture on “ Plant Co-ordination: An 
Example of Co-operation,” by Mr. Ward F. Davidson. 
Institution: Thursday, May 12, 5.30 p.m., Victoria- 
embankment, W.C.2. Annual General Meeting. Open 
to Corporate Members and Associates only. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, May 10, 
5.30 p.m., Great George-street, Westminster, S8.W.1. 
Discussion on “ Contractors’ Site Layouts.” Notes: 
*“ Pitlochry Dam and Power House; and Clunie Dam,” 
by Mr. J. A. Bennett; “‘ Kilindini Harbour, Mombasa,” 
by Mr. C. C. Buchler; “ Cliff Quay Power Station, 
Ipswich,” by Mr. Oliver Dawson; and “‘ The Bowland 
Forest Tunnel Contract,” by Mr. C. F. Grundy. Midlands 
Association: Thursday, May 12, 6 p.m., James Watt 
Memorial Institute, Birmingham. Annual General 
Meeting. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, May 10, 
5.30 p.m., 85, Minories, E.C.3. The Lubrication of 
Marine Diesel Engines, by Lieut.-Colonel 8. J. M. Auld 
and Mr. C. Lawrie. 

CHEMICAL ENGINEERING GROUP.—Tuesday, May 10, 
5.30 p.m., Geological Society, Burlington House, Picca- 
dilly, W.1. ‘‘ The Manufacture and Use of Stainless-Clad 
Steel,” by Mr. W. Barr and Mr. J. Erskine. 

ILLUMINATING ENGINEERING SOCIETY.—Tuesday May 
10, 6 p.m., The Royal Society of Arts, John Adam-street, 
Adelphi, W.C.2. Annual General Meeting. Address on 
‘*Public Lighting in France and in England at the 
Present Day,” by Mr. L. Gaymard. 

INSTITUTION OF PRODUCTION ENGINEERS.—W olver- 
hampton Graduate Section: Tuesday, May 10, 7.15 p.m., 
Wisemore School, Walsall. “ Electro-Static Spraying,” 
by Mr. J. Stribley and Mr. W. H. Cockerill. 

INSTITUTE OF PETROLEUM.—Wednesday, May 11, 
5.30 p.m., Manson House, 26, Portland-place, W.1. 
“‘ Examination of Crude Oils in Relation to Geological 
Formations,” by Mr. F. Morton. 

Royal INsTITUTION.—Wednesday, May 11, 9 p.m., 
21, Albemarle-street, W.1. ‘“‘ How Crystals Grow,” by 
Professor E. K. Rideal. 

Roya Socrery.—Thursday, May 12, 4.30 p.m., 
Burlington House, Piccadilly, W.1. The Bakerian 
Lecture on “A Region of Biosynthesis,” by Mr. H. 
Raistrick. 

INCORPORATED PLANT ENGINEERS.—Newcastle-upon- 
Tyne Branch: Thursday, May 12, 7.30 p.m., Turks 
Head Hotel, Newcastle-upon-Tyne. ‘‘ Automatic Boiler 
Control,” by Mr. O’Breen. 

RoyaL AERONAUTICAL SocreTy.—Graduates’ and 

Students’ Section: Thursday, May 12, 7.30 p.m., 4, 
Hamilton-place, Piccadilly, W.1. ‘‘ Pressuce Cabins,”’ 
by Mr. D. Cardwell. 
SocrETY OF MODEL AND EXPERIMENTAL ENGINEERS.— 
Saturday, May 14, 2.30 p.m., Caxton Hall, Caxton- 
street, Victoria-street, S.W.1. “‘Some Aspects of 
Locomotive Work,” by Mr. O. 8S! Nock. 





THE LATE Mr. C. E. WoopRow.—We regret to record 
the death of Mr. Charles Edgar Woodrow, which occurred 
recently at the age of 63. Mr. Woodrow had been 
assistant sales manager of the mechanical department 
of Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester 17, for many years. He 
joined the company in 1904 and was first associated 
with gas engines. Subsequently he was engaged in the 
commercial and sales activities of the steam-turbine de- 
partment. He was also prominent in the trade organisa- 
tions connected with the industry. 





AUSTRIAN CONFERENCE ON WATER SUPPLIES.—The 
Oesterreichischer Wasserwirtschaftsverband, 7 Doblhoff- 
gasse, Vienna, is holding a conference at Bad Ischl from 
Thursday, June 9, to Saturday, June 11, at which 
problems relating to water supply will be discussed. 
Lectures on various aspects of the subject, including the 
importance of water supply in agriculture and the plan- 
ning of water works and power schemes, will be given by 
Dr.-Ing. E. Giintschl, Professor A. Steden, Dipl.-Ing. J. 
Seidling, Dr. W. Einsele, Dr.-Ing. H. Béck and Dipl. Ing. 
F. Rosenauer. Visits will also be paid to places of tech- 
nical interest in the neighbourhood. 
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EXHIBITS AT THE BRITISH INDUSTRIES FAIR, BIRMINGHAM. 


(For Description, see Page 409.) 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial corres 
te the Editor and a 
Manager. 


mdence should be addressed 
other correspondence to the 





Accounts are payable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
er three months, pro rata), payable in advance :— 


For the United Kingdom and all 


places abroad, with the exception 
DE SII anne esepsnians coiescoresce’ a Oe 


For Canada fA 5 0 
Subscribers receiving incomplete copies through 
nts are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art ~—_ two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot & guaranteed. 

The charge for advertisements classified under the 

i of “Appointments Open,” “Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 


for advertisers’ blocks left in their possession for more 
than two years. 


ENGINEERING. 











CONTENTS. 
PAGE 


a cor Industries Fair at Birmingham—II. 

(Illus.) ee . 

The Anglo-American Council on Productivity 

The “ Double Mamba” Gas-Turbine Propeller 
Engine (Illus.) BS MM AL Se ES. 

Crush-Forming Attachments for Surface-Grinding 


413 
415 


Machines (Illus.) iris... ceee ee 416 
Regulations for Mine Locomotives .. 416 
Continuous Rotary Evaporator (Ilus.) ... 417 
Contracts ; ole 418 
British Standard Specifications 418 
Books Received 7 418 
Personal 418 
Notes from the North .. 419 
Notes from South Yorkshire .. 419 
Notes from Cleveland and the Northern Counties . 419 
Notes from the South-West 419 
Notices of Meetings 419 
The Improvement of Industrial Productivity . 421 
Power Utilisation in Canada 422 
Notes 423 


Letters to the Editor.—Brittle Fracture in Mild- 


Steel Plates. Partial-Load Characteristics of 

Marine Gas-Turbine Cycles ... .. 424 
The Institute of Metals 424 
The Institution of Naval Architects .. 426 
The Iron and Steel Institute 427 
Labour Notes 428 


Some Current Types of Marine Diesel Engine 


Niet: ERT tie) ee oh 429 
Low-Alloy Steel of High Strength and Toughness 431 
Launches and Trial Trips _..... EEE 432 
Catalogues ..... so cbpasscrigpaecsnesselay-ouneeecetaeie 432 
Notes on New Books 432 








- ENGINEERING 


FRIDAY, MAY 6, 1949. 





Vou. 167. No. 4345. 








THE IMPROVEMENT OF 
INDUSTRIAL PRODUCTIVITY 


Wuen, last July, Sir Stafford Cripps faced, 
in the House of Commons, the criticism aroused 
by the scheme that he had evolved in conjunction 
with Mr. Paul Hoffman, the United States adminis- 
trator for Marshall Aid, for the establishment of the 
consultative body which eventually emerged as the 
Anglo-American Council on Productivity, we 
devoted some space to a summary of the debate 
and quoted extensively from Sir Stafford’s own 
remarks so that his intentions should be made 
clear, as far as possible, in his own words. In 
common with many of his critics, a number of 
whom sat on his own side of the House, we found 
it more than a little difficult to foresee what effective 
results could accrue from the consultations that he 
proposed. The terms in which he put forward the 
proposals certainly seemed to indicate a view that 
British industry had more to learn from the United 
States than American industry from Britain ; and, 
although he denied, in the course of the debate, 
having said that British industry needed American 
guidance in order to become more efficient, and 
though Mr. P. D. Reed, one of the chairmen of the 
United States section of the Council, hinted that 
American industry might have something to learn 
from Britain, that impression of the Council’s 
intended functions is certainly not the one that is 
generally held. There have been several unofficial 
estimates of the ratio of United States to British 
productivity, varying by 100 per cent. or more 
between the highest and the lowest, but they all 
have in common a conviction that the rate per man 
employed is considerably greater there than here. 

The second session of the Council has now been 
held in the United States and the report upon it, 
published in Washington on April 7, has now been 
made available in London. We reprint it, practic- 
ally in extenso, on page 413 and the two following 
pages in thisissue. A certain amount of abridgment 
was necessary, as the report is rather inclined to be 
repetitive, but the cuts omit no detail of moment 
and, in all, probably total no more than half a 





column of type. Those who desire to consult the 





full text can obtain copies of the report from the 
Council’s London office at 21, Totnill-street, S.W.1. 


In commenting upon the original proposals, we 


409! doubted whether the Council would be able to 


do much more than identify the points of difference 
which gave United States industry the advantage 
in productivity over British industry which, un- 
doubtedly, it possessed. That opinion has not been 
affected seriously by a perusal of the present report. 
There is no doubt whatever that the ‘‘look-see ”’ 
party of 16 employees of the British steel industry 
will have found much to interest them in their tour 
of American foundries, ete. ; in the words of their 
leader, Mr. Frank Martin, ‘‘This is an immense 
experience and we are getting a great deal out of 
it,’ but whether, as he continued, “‘ the experience 
is bound to have an influence on our practice,” 
in the sense that British industry will be able to 
derive direct benefit, remains to be seen. For that 
result to be achieved involves a great deal more 
than the mere exchange of ideas or even a large-scale 
importation of American tools as well as methods ; 
nor is it by any means certain that, even with the 
utmost goodwill of al] concerned, the adoption here 
of these tools and methods would or could produce 
directly comparable benefits. As Mr. Oliver Lyttel- 
ton made clear in his forceful contribution to the 
debate in the House of Commons in July of last year, 
British industry knows already what are the 
obstacles in the way of greater productivity, and 
what are the methods needed to overcome them ; 
what it does not see is how these methods are to be 
applied effectively in the circumstances now ruling. 

The report goes on to state that the Council have 
received already applications for visits by more 
than 30 “‘ productivity teams ” from British indus- 
tries, and that preparations are in hand for addi- 
tional visits. This is all to the good. A visit by 
a single team cannot be sufficiently widely convinc- 
ing to affect the whole of British industry, and even 
if some of the applications have been influenced in 
part by what must seem a Heaven-sent opportunity 
to travel abroad at someone else’s expense—which 
we would not assert as a fact—it would be a miracle 
if any member of the teams returned without having 
experienced a broadening of the mind that can only 
be beneficial in the long run. The ideal would be 
for every man in British industry to be given the 
same opportunity, as a reward of merit, and to take 
advantage of it. Especially is it desirable that 
teams should be sent to America from some of the 
industries which have not the long record of trouble- 
free working and sustained high output that charac- 
terises the steel industry of this country, but which, 
on the contrary, have distinguished themselves by 
their resistance to the introduction of new machines 
and labour-saving methods. 

The list of names of the Productivity Council is 
sufficient guarantee that they did not write or sign 
the report with their tongues in their cheeks, and 
most of their general statements of principle are 
unexceptionable. Its tone is set by the quotation 
from the earlier Finletter Report, of December 31, 
1948, that “higher productivity, resulting in 
greater volume of output at lower cost, is the key 
to British recovery’’; and the observation that, 
‘to enable Britain to attain self-sufficiency by 1952, 
higher productivity and lower costs are indispens- 
able ’—which is a verbatim quotation as regards the 
words used, though we have taken a slight liberty 
with the punctuation. At a later point, the Council 
declare categorically that, ‘“‘ while there are other 
factors which affect productivity, there is no single 
limitation so restricting as a shortage of power and 
capital equipment ’’; a view to which any sensible 
person would subscribe. He would probably do so, 
however, with a reservation regarding the nature 
and significance of the “‘ other factors ” some of which 
are certainly more potent on this side of the Atlantic 
than can be readily appreciated by the average 
working man on the other side, brought up on 
Henry Ford’s principle that it is better to overwork 
machines than men. 

Despite these and various other asseverations of 
what must appear to be obvious common-sense, 
however, there is about the report as a whole rather 
an atmosphere of unreality. As an interim report 
on what the members of the Council have been doing 





during the past six months or so, it will pass 





422 


ENGINEERING. 








May 6, 1949. 














muster; but as a statement of the obstacles in the 
way of increased productivity—more especially, 
those ‘“‘other factors’? which are so delicately 
touched upon—it leaves much to be desired. 
Nowhere is there positive evidence of a determina- 
tion to come to grips with the sort of foolishness 
typified by the dispute that has been dragging on 
for months at Middlesbrough in connection with 
the operation of the new grabs, installed there to 
facilitate the discharge of ore cargoes from ships 
to the Dorman Long steelworks. These appliances 
are designed to be controlled entirely by the crane- 
man, no other labour being required either in the 
ship’s hold or on the quay; but the men’s union 
insists that additional men shall be employed, 
though there is nothing for them to do. The 
matter has been referred to arbitration—not, 
apparently, with the idea of demonstrating whether 
or not additional men should be employed, but to 
decide how many of them shall be condemned to the 
demoralising experience of compulsory idleness with 
full pay. This particular example of deliberate 
restriction of the advantages that should accrue 
from the adoption of more power per man—a 
thesis to which the Productivity Council have 
given such unqualified approval—has become 
front-page news, it would seem, because of the size 
of the grabs rather than the importance of the prin- 
ciple, but it is merely one more instance of an 
attitude of mind which has cost British industry 
untold sums in many different fields. 

It is completely illogical for the Productivity 
Council or anyone else to urge the re-equipment 
or more extensive mechanisation of industry unless 
the whole of industry, and not merely the section 
of operatives directly concerned, is to benefit from 
the introduction of the new machines or methods. 
The number of employable men is limited; the 
capacity of the tools that technical progress is 
able to place at their disposal, by comparison, is 
unlimited, and there is no limit immediately in 
sight to the ability of the human race to absorb the 
products that the machines could make available 
if they were employed to their full capacity. When 
the Productivity Council urge that the power 
available per head should be increased, they are 
assuming that it is going to be used—otherwise, 
there is no point in providing it ; but if the power 
of the machines is to be employed profitably 
there is an implied need for a fluidity in the employ- 
ment of labour which, in fact, does not exist. So 
long as it is maintained that, because a man was 
brought up to work at a particular occupation, 
he shall work for his whole life at that occupation 
only and, if the need for it ceases, he shall be paid 
his full rate for not working, there can be no cause 
for wonder or recrimination if the owners of busi- 
nesses, who must find the money to pay for the 
machines whether these are worked to full capacity 
or not, fail to see why they should incur the expense. 

A striking feature of the British Industries Fair 
is the variety and capabilities of the mechanical 
handling equipment on view, and the interest taken 
in it by overseas buyers is noticeable. Their manu- 
facturing industries will be helped materially by 
the export of this British plant ; yet it is not many 
weeks since London shipping was paralysed by a 
strike of stevedores because a firm of wharfingers 
introduced fork-lift trucks and, not unnaturally, 
expected to make proper and efficient use of them. 
While the Fair was in preparation, there was a 
strike of stand-fitters’ employees because, appar- 
ently, a local man who was not a member of a 
union was found to be tacking down linoleum ; 
though, we were informed, laying floor coverings 
was his (one-man) business. Such experiences, or 
the threat of them, are commonplaces in exhibition 
organisation, as regular exhibitors know only too 
well, and the fact is not disguised from those who 
know by dismissing the incidents, with milk-and- 
watery euphemism, as ‘‘ other factors,’ much less 
important than the “shortage of power and capital 
equipment’; they are largely a cause of that 
shortage. When we hear of a threatened strike 
because an employer is alleged, by failure to install 
and use freely the most up-to-date plant, to have 
prevented his men from attaining their full output, 
we shal] know that the Anglo-American Council on 
Productivity are really getting somewhere. 








POWER UTILISATION IN 
CANADA. 


Ir is the practice of the Dominion Water and 
Power Bureau, of the Canadian Department of 
Mines and Resources, to issue annually a report on 
hydro-electric progress during the year, and a 
second report concerned with water-power resources. 
Some account of the first of these, for the year 
1948, was given on page 184 of our issue of Feb- 
ruary 25. The second has now become available. 
The two reports necessarily overlap to some extent ; 
the second, for instance, gives particulars of new 
installations in the various Provinces which 
appeared in the first and were dealt with in our 
previous article. The second and more exten- 
sive report, however, also covers other fields, and, 
in view of the importance of the whole subject of 
Canadian power, calls for some attention. 

A matter of considerable interest on which it 
throws some light is the relative power potentials 
of Canada and the United States, in so far as these 
may be estimated from water power and coal 
resources. In the article referred to above, it was 
suggested that “to compare the industrial value 
of a ton of coal with a kilowatt-hour of hydro- 
electric generation would involve so many assump- 
tions in connection with conversion and utilisation 
that it is hardly worth attempting.”” The compari- 
son, however, is made in the Water and Power 
Bureau report. It is stated that “‘a comparison 
of power developed from coal-fired boilers with 
that developed from water power under somewhat 
similar conditions, indicates that each installed 
hydraulic horse-power, if operated continuously 
throughout the year, would be the equivalent of 
power from 4-035 tons of coal.”” The total developed 
water power in Canada, at the end of 1948, had a 
capacity of 10,870,719 h.p., and on the 24-hour 
basis this would be equivalent to an annual con- 
sumption of about 44 million tons of coal. Owing 
to variations in river flow and power demand, 
hydro-electric stations do not operate continuously 
at full load, and the report, allowing for this and 
differentiating between electricity used for heating 
and that used for power purposes, and making an 
allowance for hydraulic plants not generating elec- 
tricity, estimates the total hydraulic-power produc- 
tion as equivalent to an annual consumption of 
27 million tons of coal. 

On the basis of figures of the year 1946, which 
were given in the recent Statistical Year-Book of 
the World Power Conference, the developed water 
power in the United States is 0-092 kW per inhabi- 
tant, as compared with 0-58 kW in Canada. There 
has been considerable progress in both countries 
since that time, but their relative positions in this 
matter have probably not altered greatly. For 
coal, however, the annual production in the United 
States was 3-8 tons per inhabitant, against 1-2 tons 
in Canada. Some of the United States coal is 
exported, but in broad terms, and taking 10,000,000 
h.p. of installed hydro-electric plant as equivalent 
to 27 million tons of coal, each inhabitant of the 
United States employs 1-53 h.p., and each in 
Canada 1-23 h.p. In view of the industrial activity 
of the United States, it is not surprising that that 
country should lead in this matter. Its backward- 
ness in water-power development, compared with 
Canada, is due to its abundant supplies of coal and 
the fact that many of the great water-power 
resources are remote from the highly-industrialised 
areas. In Canada, on the other hand, great water- 
power resources are available in Quebec and 
Ontario, which between them contain 75 per cent. 
of the total hydro-electric capacity of the country. 

The comparison in terms of horse-power per 
inhabitant made above is not quite fair to the 
United States, in view of the large proportion of 
the heating load which is carried by oil and natural 
gas. The figures indicate, however, that developed 
power resources in the two countries approach 
the same order of magnitude. Intensive industrial 
activity must be based on a high figure for available 
power per head, and it has recently been empha- 
sised that the output per industrial worker which 
is achieved in the United States could not at the 
present time be attained in Great Britain, simply 








because the necessary power is not available. 
The position in Canada is now better than is 
indicated above. The figure of 0-58 kW (0-77 h.p.) 
quoted is calculated on the basis of statistic: 
relating to the year 1946, but the Water and 
Power Bureau report states that installed water 
power capacity is now equivalent to 0-844 h.p. pei 
inhabitant. 

Of the two Provinces, Quebec and Ontario, 
which together contain some 75 per cent. of the 
total developed water-power capacity of Canada, 
Quebec has a considerable lead, with installations 
totalling 5,939,697 h.p. This Province also has th: 
greatest available capacity, amounting to 13,064,000 
h.p., calculated on six months’ flow. The corre- 
sponding figures for Ontario are 2,894,240 h.p. and 
7,261,400 h.p. In potential capacity, British 
Columbia occupies second position, with 10,998,000 
h.p., the developed capacity at 1,009,769 h.p.. 
however, is not much more than one-third of that of 
Ontario. Manitoba, which occupies fourth position 
in both respects, has only half the installed capacity 
of British Columbia. The lead in development 
taken by Quebec and Ontario is, no doubt, due to 
a considerable extent, to their geographical situa- 
tion. Apart from this, a large part of the Province 
of British Columbia is greatly broken up by mountain 
ranges. 

Although manufactures of many types are devel- 
oping in Canada, the main power-consuming indus- 
tries are pulp and paper manufacture, mining, and 
electro-chemical and electro-metallurgical processes. 
Pulp and paper production ranks as the greatest 
consumer of hydraulic power in the country, the 
total load of 658,741 h.p. being slightly more than 
6 per cent. of the total production. The net value 
of the material produced is also greater than that 
of any other manufacturing industry in the Domi- 
nion. The mill capacity for the production of news- 
print is greater than that of any other country, and 
in the production of wood pulp Canada is second 
only to the United States. Over 90 per cent. of 
manufactured newsprint is exported, and is a 
particularly important contribution to the export 
trade balance of the country. Although the raw 
material of this industry is indigenous, the industry 
could not have developed to its present important 
size if abundant low-cost power had not been avail- 
able ; a mechanical power installation of approxi- 
mately 100 h.p. is required for the production of 
one ton of newsprint a day. 

Of the total of 10,870,718 h.p. of water-power 
plants, 9,936,524 h.p. represents installations in 
central electricity-supply stations. Pulp and paper 
mills have individual installations totalling 658,741 
h.p., and other industries of 275,453 h.p. Of this 
latter figure, it is stated that only a small portion 
represents hydraulic installations used directly for 
mining operations. Metal mining, which forms an 
important part of the Canadian mineral industry, 
is carried on mainly in the western Cordillera and 
the Canadian Shield, which forms a wide area 
around Hudson Bay. Although mining properties 
are frequently situated in areas favourable for the 
local development of water power, more than 
80 per cent. of all equipment employed in metal 
mining, and in the smelting and refining of ores, is 
operated by electric power purchased from central 
hydraulic stations. This is due, no doubt, to the 
low cost and dependability of the public supplies, 
and the fact that this procedure relieves mining 
companies from heavy capital expenditure. In 
some cases, no doubt, local water-power develop- 
ment would involve excessive cost, and it is stated 
that public electricity supply has made mining 
operations economically possible. 

The installed water-power plant of Quebec is 
equivalent to 1,566 h.p. per thousand inhabitants. 
This Province is highly developed and the indus- 
trial, domestic and agricultural loads are respon- 
sible for a considerable proportion of the demand, 
but it also contains large pulp and paper mills and 
aluminium plants, and about 60 per cent. of the 
total world supply of asbestos is mined in the 
southern part of the area. The fact that Ontario, 
also highly developed, has only 674 h.p. per inha- 
bitant, compared with 1,566 in Quebec, is pre- 
sumably to be explained by the location ‘of much 
larger power-consuming industries in Quebec. 
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NOTES. 


THe James Watt INTERNATIONAL MEDAL. 


Tue 1949 James Watt International Medal has 
been awarded to Dr. Fredrik Ljungstrém of Sweden, 
by the Council of the Institution of Mechanical 
Engineers, for his outstanding contributions to the 
development of mechanical engineering, the most 
notable of which are the air preheater which bears 
his name, and the steam turbine which he developed 
jointly with his brother, the late Dr. Birger Ljung- 
strém. The presentation was made at a meeting 
of the Institution held inLondon on Friday, April 29, 
when Dr. Ljungstrém gave a lecture on his life’s 
work as a mechanical engineer, personally and in 
conjunction with his brother, whose death occurred 
last November. The James Watt Medal is awarded 
‘every two years to an engineer of any nationality 
who is deemed worthy of the highest award the 
Institution can bestow and that a mechanical 
engineer can receive.” The occasion of the presenta- 
tion attracted a large number of members and 
visitors. Dr. H. J. Gough, F.R.S., President, 
was in the chair, and H.E. the Swedish Ambassador 
was present. After reciting the terms of the, 
award, the President called on Dr. R. W. Bailey 
F.R.S., vice-president, to read the citation, which 
reviewed Dr. Fredrik Ljungstrém’s mechanical 
engineering work, particularly during the period 
1905 to 1925. While it appears that Birger 
Ljungstrém took a major part in the development 
of the double-rotation steam turbine, Fredrik 
was responsible for the condensing steam-turbine 
locomotive and for the Ljungstrém heat exchanger 
or air preheater, which is now finding increasing 
application to steam boilers on land and sea. After 
a period in his brother’s cycle factory, Fredrik was 
employed by Alfred Nobel in Sweden and later by 
the engineering firm of Dunford and Elliott, at 
Newcastle-on-Tyne. While in England he made his 
first specifically engineering inventions. From 1906 
to 1912, Fredrik assisted his brother in the develop- 
ment of the double-rotation steam-turbine electric 
generator. Subsequently, he devoted his attention 
to the application of the steam turbine to loco- 
motives, and to the rotating air preheater. Between 
1925 and the outbreak of the recent war he made 
several inventions, and during the war he was 
engaged on the problem of extracting oil from 
shale. Since 1946, he has turned his attention to 
yachts, a subject in which he has taken a life-long 
interest. * Some twenty yachts have been built to a 
design which he prepared in 1935, and it is under- 
stood that he is now engaged in tests at the Gothen- 
burg test tank on a design for a 2,000-ton commercial 
motor and sailing vessel. After the citation and the 
presentation of the gold medal by the President, 
H.E. the Swedish Ambassador spoke of the pleasure 
which the Institution’s award to his fellow country- 
man had given in Sweden. Dr. Ljungstrém then 
delivered his lecture, which was illustrated by man 
lantern slides of drawings and photographs of 
designs with which he has been connected. 


NATIONALISATION OF THE Gas INDUSTRY. 


On Sunday, May 1, the gas industry of the 
country became vested in the State, in accordance 
with the terms of the Gas Act, 1948. As a result, 
742 private undertakings and 275 undertakings 
owned by local authorities passed to 12 Area Gas 
Boards, controlling which is a Gas Council with 
financial, advisory and representative functions. 
It will be the duty of the Area Boards to develop 
and maintain ‘“‘an efficient co-ordinated and 
economical system of gas supply for their area,” 
and an ‘“‘efficient and economical production of 
coke.” They will also have powers to manufacture 
and sell products derived from carbonisation. The 
central authority, instead of being concerned with 
generation, as in the case of the electricity supply 
industry, will be largely advisory ; the Area Boards, 
in fact, have almost unrestricted powers to conduct 
their affairs. The central authority will consist of 
an independent chairman, deputy chairman and all 
the chairmen of the Area Boards, while the Boards 
themselves will be made up of seven to nine mem- 
bers, all the appointments being in the hands of the 
Minister of Fuel and Power. In addition, there 





will be a Consultative Council in each area, which 
will consist of between 20 and 30 members. Half 
of these members will be appointed from local 
authorities in the area, while the remainder will 
be representative of consumers and other persons 
or organisations interested in the utilisation of 
gas. Charges, tariffs and the provision of new and 
improved services will also come under their scrutiny. 
They may make representations direct to the 
Minister who may, in turn, refer matters to them 
for inquiry and report. Compensation will be 
paid to holders of securities in gas companies in the 
form of 3 per cent. stock dated 1990-1995, which is 
being issued at and is redeemable at par. Local 
authorities are to be compensated for their gas 
undertakings on the basis of the outstanding net 
debt, an aggregate net sum of 2,000,0001. being made 
available to them to compensate for ‘‘ severance.” 
The Gas Council will be authorised to raise a further 
250,000,000. for future development. 


UnitepD Nations Screntiric CONFERENCE. 


August 17, 1949, has been announced as the 
opening date of a three weeks’ session at Lake 
Success of the United Nations Scientific Conference 
on the Conservation and Utilisation .f Resources. 
The ultimate objective, towards which this Confer- 
ence is a preliminary step, is the more advantageous 
utilisation of the resources of the earth for the 
greater benefit of mankind. The problems are of 
such magnitude as to require the co-operation of all 
nations and, accordingly, a widespread policy was 
initiated by the United Nations Committee to draw 
upon the experience of engineers, economists and 
other experts. Invitations have been issued by the 
Secretary-General to the Governments of 65 coun- 
tries, and individually to many eminent scientists, 
requesting the preparation of a total of 650 scientific 
papers. Seventy-seven nations have been asked to 
send expert missions to the Conference, and, in 
addition to scientists invited for their personal 
pre-eminence, there will be many representatives of 
international and non-Governmental organisations 
and learned societies. All will participate, however, 
as representatives of science and not of their 
Governments or the organisations sponsoring them ; 
the governments will not be committed to any 
policy nor will recommendations be made to them. 
The purpose of the Conference is to enable members 
to increase their store of knowledge by the inter- 
change of ideas with experts from other lands, and 
to influence the trend of development in their own 
countries accordingly. Persons wishing to attend 
the Conference must have an invitation from the 
Secretary-General, although the Overseas Scientific 
Relations Committee will be prepared to consider a 
limited number of applications from persons 
wishing to attend as observers. 


INsTITUTE OF FUEL. 
A large number of members and guests attended 


Y|the Annual Luncheon of the Institute of Fuel, 


which was held at the Connaught Rooms, London, 
W.C.2, on Thursday, April 28. A notice of the 
Institute’s annual report appeared in last week’s 
issue of EnerneErtnG. Dr. D. T. A. Townend, 
President, was in the chair, and proposed the toast 
of “Our Guests.” Dr. H. Roxbee Cox, Chief 
Scientist, Ministry of Fuel and Power, responded on 
behalf of the guests, and referred to the loss which 
the Institute had suffered in the death of Dr. C. H. 
Lander, an obituary notice of whom appeared on 
page 281, ante. Dr. Cox spoke of the variety of 
views held on the subject of planning. He himself 
held neither extreme view, but with regard to 
technical matters he believed that a technological 
Utopia could not be planned. It must he allowea 
to evolve, and the task was to gather more and 
more scientific and technical data. He had been 
associated with the development of the gas turbine, 
and he believed that, apart from its application to 
aircraft, it had no serious future in this country 
unless it could be developed to use the cruder fuels. 
Gas turbines for locomotives must burn coal. 
With regard to the future, he believed that scientific 
engineering and economic factors automatically 
guided developments, but the ssthetic aspect of 
structures should be planned. Finally, he feared 
that there was one thing which might hinder 











progress, namely, an overgrowth of committees. 
Everyone knew what undergrowth was; over- 
growth was the same, only at a higher level. Com- 
mittees were useful in moderation but stifling in 
excess. Dr. B. Mouat Jones, D.S.O., former Vice- 
Chancellor of the University of Leeds, who also 
replied, expressed serious concern for the situation 
which would arise if steps were not taken to arrest 
the present drift of first-class staffs away from the 
universities to the more lucrative posts offered by 
industry and Government departments. 


British NaTIONAL BIBLIOGRAPHY. 


Arrangements have been made for the prepara- 
tion and issue of a British national bibliography 
which will take the form of a weekly list of books 
received by the Copyright Receipt Office of the 
British Museum ; this will be supplemented by an 
author index issued every four weeks. It is esti- 
mated that each weekly list will contain the titles 
of about 300 newly published or re-issued books. 
The matter is being handled by the Council for the 
British National Bibliography which is made up of 
representatives of the British Museum, the Library 
Association, the Publishers’ Association, the Book- 
sellers’ Association, the National Book League, the 
British Council, the National Central Library, the 
Royal Society, Aslib and the Unesco Co-operating 
Body for Libraries. As the lists will be based on 
Copyright Office receipts, prompt publication of 
new titles will be ensured ; prices will be given and 
explanatory notes added when necessary. Publica- 
tion is planned to begin in the first week of 1950. 
The subscription will be 121. per year, covering the 
weekly and monthly lists and an annual volume 
arranged in classified order and with an author 
index. 


THE WorxLpD’s SHIPBUILDING. 


That the activities of the shipyards in this 
country continue at a high level is indicated by the 
fact that there were 2,075,910 gross tons of merchant 
shipping under construction in the shipbuilding 
areas of Great Britain and Northern Ireland on 
March 31, 1949. According to the shipbuilding 
returns of Lloyd’s Register of Shipping, this total 
shows a decline of 62,125 tons from that of March, 
1948, and of 167,793 tons from the total of June, 
1948, which stood at 2,243,703 tons and was the 
highest figure recorded since December, 1921. The 
present total of 2,075,910 tons is composed of 
177 steamers, aggregating 841,111 tons, and 240 
motorships, making together 1,234,799 tons. During 
the quarter ended March 31, 273,743 tons of shipping 
were commenced in this country; 263,407 tons 
were launched, and 310,696 tons were completed, 
and the total tonnage of the shipping under con- 
struction, on March 31, for registration abroad, 
namely, 742,241, was very little below the figure 
for the December quarter, which stood at 748,000 
tons. The March 31 figure of 742,24] tons repre- 
sents 35-8 per cent. of the tonnage being built in 
British shipyards and includes 329,646 tons of 
shipping for Norway and 123,165 tons for Argentina. 
The total of the merchant steamers and motorships 
under construction abroad, on March 31, was 
2,279,595 gross tons. This represents an increase 
of 253,509 tons, as compared with December 31, 
1948, and includes figures for Japan, now published 
for the first time since the war. Totals, for Germany 
and for Russia, however, are still not available. 
The 78 vessels, comprising 144,180 tons, now 
reported as under construction in Japan, account 
for more than half of the overseas increase of 
253,509 tons for the March quarter just mentioned. 
The leading shipbuilding countries abroad are the 
United States, in which 463,579 tons of shipping 
are being built; France, which is constructing 
370,236 tons; Holland, 286,623 tons, and Sweden, 
250,885 tons; all other countries are responsible 
for totais of less than 200,000 tons. During the 
March quarter, 476,704 tons of shipping were com- 
menced in overseas shipyards; 348,939 tons were 
launched, and 354,481 tons were completed. Steam 
and motor oil tankers under construction in the 
world amount to 143 ships, making together 
1,526,823 tons, this tonnage representing 35-1 per 
cent. of the merchant shipping now under con- 
struction throughout the universe. Of these, 70 
vessels, aggregating 695,210 tons, are being built 
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in this country, 26, totalling 432,940 tons, in the 
United States, and 16, making together 142,970 
tons, in Sweden. Of the merchant shipping now 
under construction in Great Britain and Northern 
Ireland 94-3 per cent. are being built to Lloyd’s 
Register and British Corporation classification, 
while 48-4 per cent. of the tonnage building abroad 
are being constructed under the inspection of these 
societies, which were united on March 25, 1949. 


AUTOMOBILE TESTING GROUND. 

Lindley Airfield, near Nuneaton, Warwickshire, 
which the Motor Industry Research Association 
has leased from the Air Ministry for conversion 
into an automobile testing ground, was officially 
opened on Thursday, April 28. The opening cere- 
mony was performed by Mr. L. P. Lord, President 
of the Association who, in the course of a short 
speech, referred to the work of M.I.R.A. and pointed 
out that this body undertook research on questions 
which were common to the whole industry. He 
went on to say that the track and grounds were 
only in the initial stages of development and, at 
present, consisted of a three-mile circuit and a one- 
mile straight. It was intended, however, to lay a 
section of Belgium pavé road, to bank the corners 
and include other types of road surfaces, while future 
plans envisaged the provision of a skid pan, a water 
splash, and mud and cross-country tracks. The 
complete scheme included the moving of the 
laboratories from the Great West-road to a site 
adjacent the proving ground and, in addition to 
existing laboratory facilities, they hoped to install 
hot and cold testing rooms, humidity and dust 
rooms and, eventually, a wind tunnel. After the 
opening ceremony, demonstrations were given of 
various types of testing equipment which included 
an electronic accelerometer, a steering-wheel torque 
indicator, a strain-gauge axle-shaft torque-meter 
and a power-absorbing trailer. The trailer is used 
to simulate the effect of hills and consists, basically, 
of an electrical generator mounted on, and driven 
by the roadwheels of, the trailer, which is towed 
behind the vehicle on test. The effort required to 
drive the generator imposes a load on the towing 
vehicle, which can be varied at will by the driver 
to give an approximation of the conditions encoun- 
tered when ascending hills of different gradients. 
Lindley Airfield is less than three miles from 
Nuneaton and the whole site covers an area of 
approximately 600 acres. It has three runways 
arranged in the form of a triangle and the usual 
perimeter tracks, parking areas, etc. The longest 
runway has a length of 2,000 yards and will be 
used for speed tests ; obviously, this is not enough 
for maximum speeds to be attained, but this limita- 
tion should be overcome when the banked turns 
are completed. 





LETTERS TO THE EDITOR. 


BRITTLE FRACTURE IN MILD- 
STEEL PLATES. 


To THE Eprror oF ENGINEERING. 

Sir,—Mr. C. Robertson’s letter in your issue of 
April 1, on page 304, ante, deserves careful attention. 
Mr. Robertson quotes Professor Baker’s observa- 
tions on the good nature of steel; but how long 
will it remain good-natured with the regrettable 
amendment of 1948 to B.S.15? Structural design 
should be put on a sounder basis, as Mr. Robertson 
concludes, than that of yield point, but there will 
be a hard battle before that is done. 

Utimate strength, yield point and effective 
ductility are all important, but it is not correct to 
ignore effective ductility and to substitute a ratio 
of yield point to ultimate strength. The two steels 
quoted in my letter in your issue of April 15 prove 
this. The British steel had a ratio of yield point to 
ultimate tensile strength of 67 per cent. and the 
American steel of 59 per cent., but the British steel 
had almost 24 times the effective ductility. If 
your readers (particularly the practical engineers 
responsible for the safety of structures) would 
consider these facts in conjunction with Mr. Robert- 
son’s letter, I think they would come to the same 


the specification of structural steel should include 
a clause calling for a minimum effective ductility. 
I think the minimum effective ductility should be 
15 per cent., but it would be of the greatest help in 
determining the figure for particular cases if research 
workers could be persuaded to include, as a matter 
of course, effective ductility measurements in the 
tension tests they make from time to time on 
various steels. 
Yours faithfully, 
A. C. Vivian, M.L.C.E. 
Beaufort House, 
Gravel-lane, 
London, E.1. 
April 20, 1949. 





PARTIAL-LOAD CHARACTERISTICS 
OF MARINE GAS-TURBINE CYCLES. 


To THE EprTorR OF ENGINEERING. 


Sm,—I am grateful to Messrs. Mallinson and Lewis 
for the interesting comments on my article under 
the above title, made in their letter published in 
your issue of March 25, on page 280. I agree 
that much can be done in order to improve the 
partial-load characteristics of gas-turbine plants by 
designing compressors and turbines having suitable 
characteristics and by judiciously adjusting the 
design point. However, I had in mind the plight 
of a designer faced with the necessity of selecting 
a suitable cycle for a marine power plant of, say, 
5,000 h.p. Such a plant, as is pointed out in the 
article, would be large and costly, and modifications 
to the characteristics of the compressor and turbine 
after manufacture could only be carried out by the 
expensive process of replacing one or more stages 
of blading. Furthermore, although both machines 
might be designed and manufactured with the 
greatest care, even the most optimistic designer 
would expect to find that their characteristics were 
not exactly as predicted by theory. In these 
circumstances, a designer would, presumably, select 
the cycle which, when compared on exactly the 
same assumptions with other cycles, gives no doubt 
as to its inherent stability and freedom from surging 
at reduced powers. In fact, he would probably 
prefer a cycle which showed some margin for error. 
It is contended that on this basis, the simple cycle 
would not be chosen. 

I agree that a heat exchanger of higher thermal 
ratio than 50 per cent. would increase the efficiency 
of the low-pressure power turbine arrangement 
with reheat, and also that reheat would increase the 
output per unit mass flow. However, the value of 
50 per cent. thermal ratio was chosen as representing 
a conventional shell and tube type heat exchanger 
of about the size which could be accommodated 
conveniently in a ship’s engine room, where space 
is a limiting consideration. No doubt the position 
in this respect will be radically altered if heat 
exchangers of the rotary type prove practicable. 
The more complex cycles suggested by Messrs. 
Mallinson and Lewis are undeniably attractive, and 
offer many advantages over the simple cycles con- 
sidered in my article. In this respect I can only 
reiterate the opinion expressed therein that the 
early sea-going gas turbines should be of the 
simplest type in order to gain experience from the 
inevitable mechanical difficulties which will arise 
from such installations. 
Yours faithfully, 
E. G. STERLAND 
University of Cambridge, 
Engineering Laboratory, 
Trumpington-street, Cambridge. 
April 28, 1949. 





THE DovuGLas Hay MeEepat.—The Council of the 
Institution of Mining Engineers, Salisbury House, Fins- 
bury-circus, London, E.C.2, have instituted an award, to 
be known as the Douglas Hay Medal, to perpetuate the 
memory of the late Professor Douglas Hay, much of 
whose life was devoted to the service of mining engineer- 
ing and the Institution. The Medal will be awarded 
annually to the member of the Institution who, in the 
opinion of the Council, has made the most valuable con- 
tribution to the science of mining, through the medium 


THE INSTITUTE OF 
METALS. 
(Concluded from page 403.) 


Tue last session of the recent annual general 
meeting of the Institute of Metals was held in 
London on the morning of Friday, April 1, at 
4, Grosvenor-gardens, the Institute headquarters. 
Mr. H. S. Tasker, the senior vice-president, again 
occupied the chair. 


RECRYSTALLISATION OF ALUMINIUM. 


**The Recovery and Recrystallisation of Rolled 
Aluminium of Commercial Purity,” by Major P. C. 
Varley, M.B.E., T.D., was the first paper on the 
agenda. It was a contribution from the research 
laboratories of the British Aluminium Company, 
Limited, containing a description of a study made, 
by means of ultimate tensile-strength determina- 
tions, of the process of recovery and recrystallisation 
of polycrystailine aluminium sheet of normal 
purity, within the temperature range 200 deg. to 
325 deg. C. The author stated that the isothermal 
annealing curves, in which ultimate tensile strength 
was plotted against the logarithm of the time, were 
continuous curves exhibiting no discontinuity corre- 
sponding to the onset of recrystallisation. The 
evidence of X-ray diffraction patterns showed that 
recrystallisation commenced at a level of 74 tons 
per square inch for all samples of hard-rolled 
aluminium examined. The activation energy of 
the process, which appeared to be independent of 
process variables, was 51,240 calories per gramme- 
atom. It was felt that the observations were con- 
sistent with the theory that both recovery and 
recrystallisation took place by the diffusion of 
dislocations in the lattice and the mutual annihila- 
tion of those of opposite sign. 

The discussion was opened by Dr. T. LI. Richards, 
who stated that it would be wise to restrict attention 
to the main objective of the investigation which 
was to determine whether recovery and recrystalli- 
sation were two distinct processes or were merely 
two stages of a single process. Viewing all the 
available data, the evidence appeared to be over- 
whelmingly in favour of the conception of recovery 
and recrystallisation as separate processes. The 
only other speaker, Mr. R. J. L. Eborall, said that 
different parts of a crystal and different parts of 
different crystals changed at somewhat different 
tates, and, consequently, in certain parts more or 
iess perfect fragments might very likely be formed 
before they were formed in other parts. The first 
fragments to become perfect in a crystal might well 
prove to be the nuclei on which recrystallisation 
proceeded. In the course of his reply, Major Varley 
said that it would be a matter of extraordinary 
difficulty to sort out whether recovery and recrystal- 
lisation were, in fact, two different processes or 
whether they were merely the same process going 
on continuously. Every little bit of evidence put 
forward on the subject threw new light on the 
process, and it was only by methods of gradual 
approach that the truth was likely to be reached. 


AtumriniumM-ALLoy CASTINGS AND WELDs. 


The next three papers, which were all contri- 
butions from the School of Industrial Metallurgy, 
University of Birmingham, were taken together for 
the purpose of discussion. The papers dealt with 
researches carried out for the Aluminium Develop- 
ment Association on welding research and all three 
were presented by Mr. W. I. Pumphrey. The first 
paper, on ‘‘ High-Temperature Tensile Properties 
of Cast Aluminium-Silicon Alloys and their Consti- 
tutional Significance,” was by Mr. W. I. Pumphrey 
and Dr. P. H. Jennings. The authors stated that 
the tensile properties of the alloys had been deter- 
mined (a) during cooling from the liqnid state, and 
(b) after rapid reheating of chill-cast alloys. Strength 
temperature curves relating to both conditions had 
been obtained for ten alloys containing from 0 per 
cent. to 12 per cent. silicon. The curves consisted 
of a relatively low-temperature portion in which 
the alloys were ductile and in which the strength 
fell gradually as the temperature was increased, 
and a steeper high-temperature portion in which 
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manner until a temperature was reached when so 
much liquid was present in the mass that coherence 
was lost. With any alloy, the extent of the brittle 
range was less as determined by tensile testing after 
rapid heating from the solid state than by testing 
during cooling from the liquid state. This difference 
was ascribed to differences in crystal size rather 
than to the different thermal conditions obtaining 
in the two tests. 

The second paper, also by Mr. W. I. Pumphrey 
and Dr. P. H. Jennings, was ‘*‘ A Consideration of 
the Nature of Brittleness at Temperatures above 
the Solidus in Castings and Welds in Aluminium 
Alloys.” The authors stated that previous papers 
had described the tendency of many aluminium 
alloys to crack at temperatures above the solidus 
during casting and welding operations. In the 
present paper, a critical examination of the cause 
of such cracking had been made. and it had been 
concluded that cracking of this nature occurred 
in the brittle temperature range between the tem- 
perature, at which a coherent dendrite structure 
was first developed in the alloy during cooling from 
the liquid state, and the effective solidus tempera- 
ture in the relevant conditions. The inherent ten- 
dency of an alloy to crack at temperatures above 
the solidus was directly proportional to the extent 
of the brittle range and to the contraction that 
oceurred during cooling through this range, and 
was independent of all external factors except those 
which altered the extent of the range. 

The third paper, which was by Mr. Pumphrey 
and Mr. D. C. Moore, was ‘‘ A Consideration of the 
Nature of Brittleness at Temperatures Below the 
Solidus in Castings and Welds in Aluminium 
Alloys.” The authors concluded that the occurrence 
of cracking below the solidus depended on the 
ductility of the metal, on the conditions of stress 
to which a cooling metal was subjected at sub- 
solidus temperatures, and on the amount of cracking 
which occurred at temperatures above the solidus 
during the cooling of the metal from the liquid 
state. It was not considered that sub-solidus 
cracking would normally be encountered in indus- 
trial eonditions of casting and welding except where 
alloys of low ductility were exposed to severe 
contractional restraint. 

The discussion was opened by Dr. E. G. West 
who stated that the work of the welding research 
team at Birmingham was continuing and was 
reaching the conclusion hoped for at the commence- 
ment of the research, namely, that, by the investi- 
gation of the fundamental metallurgical factors, 
involved in melting and allowing the metal to 
solidify again, the ‘‘ weldability”’ of the various 
families of aluminium alloys would be improved. 
By weldability was meant not only the ease with 
which a weld could be made, but also the qualities 
of the resulting complex. These results should now 
be applied by the industrial users of these materials. 
It was not possible to translate work of this kind, 
conducted under laboratory conditions, directly to 
practical applications and aluminium-ailoy pro- 
ducers and welders, as well as founders, should 
study this whole series of papers, and particularly 
the last three of the series, in order to obtain a 
lead as to how they might overcome some of the 
difficulties which had been encountered hitherto. 
In all probability, also, the results were of very 
much wider general application than just to the 
aluminium alloys. Finally, the Institute’s appro- 
priate committee might perhaps endeavour to 
tidy up some of the terminology which had 
troubled the present research team, namely, the 
exact meaning of such terms as “‘ hot shortness,” 
“hot cracking,” “‘ hot tearing,” and ‘‘ sub-solidus 
cracking.” 

Lieut.-Colonel S. C. Guillan, the secretary, in 
answer to Dr. West’s last comment, said that some 
time ago the Council of the Institute, in association 
with the Iron and Steel Institute, the Institute of 
British Foundrymen and the Institution of Mining 
and Metallurgy, had approached the British Stan- 
dards Institution to request them to take over this 
question of studying nomenclature and the standardi- 
sation of terms. Within the last week a letter had 
been received stating that the British Standards 
Institution had agreed to take that work in hand. 
Mr. J. C. Bailey next submitted a contribution 


to the discussion written by his colleague, Mr. D. C. 
G. Lees. The latter stated that there was a wide 
measure of agreement between the authors’ results 
and those of his own researches. Broadly speaking, 
it appeared that the hot tearing of aluminium 
alloys, during freezing under restraint, was governed 
principally by constitutional factors, easily explained 
by a consideration of the process of freezing in 
solid-solution alloys. In both the authors’ and his 
own work it was agreed that the danger of tearing 
arose only when a coherent network had been 
formed by the growth of the interlocking arms of 
the dendrites. On general grounds, supported by 
experimental evidence, it was to be expected that 
tearing would take place above the solidus, so that 
there was a critical range of temperature. Any 
factor which shortened this range would decrease 
the hot-tearing tendency. In his own work it had 
been pointed out that the higher the eutectic content 
the longer was the formation of a coherent network 
delayed. This suggestion had led to the conception 
of the eutectic index, which proved valuable in 
dealing with the complex alloys met with in foundry 
practice. 

Mr. W. A. Baker, in a contribution read for him, 
in his absence, by Mr. R. W. Ruddle, said that the 
authors of the second paper sought to show that the 
healing of a hot tear was a rare occurrence, only 
likely to be met with when the side of the tear 
adjoined an ample source of feeding liquid. This 
was undoubtedly true of the large tears with which 
they were mainly concerned but it was certainly 
not true of small tears. Small faults in the den- 
dritic network were healed by the influx of residual 
liquid. The general conclusion might be drawn 
that the susceptibility of an alloy to damage to its 
mechanical properties by shrinkage porosity was 
roughly indicated by its tendency to hot tearing. 
The last speaker, Mr. E. H. S. van Someren, said that 
it was necessary to read this series of papers very 
carefully to find out that the authors referred only 
to gas welding. He felt that authors should always 
specify at once whether they employed gas welding 
or are welding, because there was considerable 
differences in the difficulty of extending welding to 
these metals according to whether the very fast 
heating and cooling, possible in arc welding, were 
used, or whether gas welding was employed, in 
which there was more chance of feeding a crack 
and where the thermal gradients were more 
gradual. 

Mr. W. I. Pumphrey, in the course of his reply 
to the discussion, agreed with Dr. West in the hope 
that the results put forward would be applied in 
commercial practice in the near future. It was 
hoped that further work, to be done on the effect 
of gas content on the tendency to hot tearing, would 
also provide some information on the probably 
associated phenomenon of porosity in the weld bead 
and in the weld area during the welding of aluminium 
alloys. His colleagues and himself did not consider 
that the healing of small tears never took place, 
but they felt that it occurred less frequently in the 
case of small castings in which there was no reservoir 
of healing liquid, than in larger masses, where 
such a reservoir existed. In answer to Mr. van 
Someren, they would take care, in future papers, to 
point out whether gas or arc welding was being 
employed. They emphasised, however, that the 
metallurgical aspects of gas and arc welding were 
very similar. The two processes consisted merely 
in joining two pieces of solid metal by liquid metal, 
and they were concerned only with what happened 
metallurgically in that liquid metal during its 
solidification. 


Gratn-S1zE oF POWDERS USED FoR Harp-METAL. 


The last paper considered by the meeting was 
entitled ‘“‘ The Measurement of Grain-Size of Tung- 
sten and Tungsten-Carbide Powders used for the 
Manufacture of Hard-Metal.” It was by Mr. H. 
Burden and Mr. A. Barker, of the Brown-Firth 
Research Laboratories, Sheffield, and was presented 
by the latter. The paper, which describes several 
methods employed for the examination of the particle 
size of tungsten and tungsten-carbide powders used 
in the production of hard-metal, will be found on 
page 117, ante. 











who stated that any serious attempt to investigate 
thoroughly the subject of grain-size measurement, 
in the range of interest to the hard-metal industry, 
was to be welcomed. In all the methods tried by 
the authors the usual difficulties in dealing with 
aggregates had been experienced. There was little 
doubt that, unless something could be done to 
overcome this trouble, no method of grain-size 
measurement 2ould ever be anything more than a 
very rough indication of particle size. A study 
of the structure of the sintered material produced 
from the powder, such as the average grain size, 
would provide useful information for correlation 
with the grain size of the original powders. Evidence 
of grain growth might indicate a wide grain-size 
distribution or an excessive proportion of particles 
below about 0-5 micron. The technique which 
appeared to show the most promise was electron- 
microscopy, but for various reasons it did not seem 
possible that, in the present stage of its development, 
it would be suitable for the routine control of 
particle size. The only other speaker, Mr. E. H. 8. 
van Someren, said that the question of aggregation 
of metallic particles was closely linked with some of 
the problems of surface activity associated with 
flotation. Ethylene glycol and its series of asso- 
ciated compounds, which had a viscosity rather 
higher than that of water, might be used as the 
suspension agent. For some metallic powders, 
diethylene glycol had been found quite satisfactory 
in this respect. There was also something to be 
said for adopting a quite different method, namely, 
to follow the gain in weight of a powder when it was 
heated in oxygen. The gain in weight should be a 
characteristic of the specific surface. 

In the course of his reply, Mr. Barker said that, 
with electron microscopy, the whole problem was 
one of specimen preparation ; the difficulty was to 
obtain a specimen which did not show selectively one 
particular range of particle size. Mr. van Someren 
had referred to the use of ethylene glycol. They 
had actually used it in the Spekker method, and, 
on their type IV tungsten, it showed a larger specific 
surface than when using water, but there was con- 
siderable difficulty in getting rid of air bubbles, and 
other troubles arose. For their purpose, at all 
events, the use of water was far more satisfactory. 
These high viscosity liquids would no doubt be of 
great utility as research tools in investigating 
powders when a highly accurate determination of 
particle size was needed rather than a reproducible 
result which meant something when it was correlated 
with the manufacturing process. Mr. van Someren’s 
remarks on the gain in weight on oxidation, as a 
method of particle-size measurement, could be used 
quite possibly for tungsten. 

The chairman then announced that the agenda 
for the annual general meeting had been concluded 
and with a vote of thanks to the authors of the 
papers, the meeting terminated. 
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Busk STUDENTSHIP IN AERONAUTICS.—The Professor 
of Aeronautical Engineering at the University of Cam- 
bridge, Sir Melvill Jones, C.B.E., A.F.C., F.R.S., has 
announced that a vacancy has arisen for the Busk Stu- 
dentship in Aeronautics for the year 1949. The Student- 
ship is of the value of about 165l., and is tenable for one 
year from October 1, but a student may be re-appointed 
on the same terms for a second year. It is open to any 
British man or woman, of British descent, who has not 
attained the age of 25 years on October1. The trustees 
hope to make an appointment during June. Application 
forms and further particulars may be obtained from Sir 
Melvill Jones, University Engineering Laboratory, 
Trumpington-street, Cambridge. 


CONFERENCE ON DUTIES AND RESPONSIBILITIES OF 
SuPpERVisoRsS.—The sixth annual one-day conference 
organised by the Association of Supervisors’ Discussion 
Groups will be held from 9.45 a.m. until 4.15 p.m., to- 
morrow, May 7, at the Central Hall, Westminster, 
London, S.W.1. The matter to be discussed will be the 
“Duties and Responsibilities especially affecting those 
Engaged in a Supervisory Capacity.”” The speakers at 
the conference will include Lt.-Colonel L. Urwick, 0.B.E., 
M.C., Mr. W. H. Daniels, Dr. T. M. Ling, M.R.C.P., and 
Mr. W. T. Pope. The conference chairman will be Mr. 
A. J. D. Hampton, chairman of the Association, and the 
secretary, to whom all communications should be ad- 
dressed, is Mr. S. G. Seaman, 115, Upwood-road, Lee, 
London, 8.E.12. 





The discussion was opened by Mr. E. A. Oliver, 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Continued from page 401.) 

TxE first of the two papers presented at the 
afternoon session on Thursday, April 7, during the 
Spring Meeting of the Institution of Naval Archi- 
tects, was by Mr. W. Muckle, M.Sc., and put forward 
** A Theory of the Behaviour of Deck Plating After 
Buckling.” 


Tae Beuaviour or Deck PLatTIne AFTER 
BuckKLING. 


When a column was in compression and loaded 
up to the critical load, Mr. Muckle premised, any 
further increase of load produced instability and 
the column would deflect until the material failed ; 
but when the column was attached to other members 
of a structure, failure did not necessarily follow at 
the critical load unless the other members also failed. 
The deck of a ship in the sagging condition, being 
subject to compressive stresses, would buckle when 
the critical stress for the plating was reached ; but, 
as it was divided into panels by the deck beams and 
horizontal girders, it could not buckle along the 
sides, parallel to the direction of application of the 
load, unless the girders buckled, so that it would not 
fail completely when the critical stress was reached, 
but still contributed to the strength of the ship. 
The fact that panels of plating might carry stresses 
higher than the buckling stress appeared to be recog- 
nised in aeronautical work, Mr. Muckle continued, 
and his investigation was designed, therefore, to 
ascertain how far this could be applied to the struc- 
ture of ships. He found that, although a plated 
structure such as the deck of a ship did not acquire 
a high degree of fixity from the presence of the 
beams, it was possible for a panel of plating to be 
loaded beyond the buckling stress for hinged ends 
without permanent set occurring ; in other words, 
there could be a considerable amount of elastic 
buckling. To see how the buckling stress varied 
with the ratio of the beam spacing, S, to the thickness 
of the plating, t, he examined the case of a shelter- 
deck vessel, 410 ft. long, 57 ft. 6 in. beam and 
35 ft. 6 in. deep, in which the original value of S 
was 30 in. and the thickness of the upper-deck 


we 


plating, ¢, was 0-63 in., varying the ratio > by|g 


altering the beam spacing while maintaining ¢ 
constant. To ascertain the influence of the type 
of structure on the limiting stress, a similar calcula- 
tion was made for a three-deck ship 502 ft. by 
67 ft. 7 in. and 37 ft. 44 in. deep, in which the beam 
spacing was 33-3 in. and the thickness of deck plating 
0-43 in. In the first case, the deck girder was 
15 ft. from the ship’s side and, in the second case, 
25 ft. 8 in. The two sets of results were compared 
with some experimental figures obtained by Dr. J. 
Montgomerie. It was found that there was a value 


of ; at which the buckling stress was least, and on 
either side of which it increased ; and that, at the 
lower values of 3 permanent set might occur before 


Dr. Montgomerie’s stress values were reached. 
While Mr. Muckle admitted that his quantitative 
results might be open to question in view of the 
various assumptions made, he submitted that, 
qualitatively, his theory did represent what 
happened; and that many ships which were 
stressed severely in the sagging condition must 
have sustained elastic buckling in the deck without 
any permanent buckling. In making the calcu- 
lations, he had neglected various features of the 
structure, such as wood sheathing on decks, and the 
seams in riveted ships; the latter might raise the 
panel buckling stress by as much as 20 per cent. 

Mr. J. M. Murray, B.Se., who opened the dis- 
cussion, recalled that, in 1868, Scott Russell had 
pointed out, in the Transactions of the Institution, 
that great consideration should be given to the 
strains on a ship’s deck when subjected to com- 
pressive stresses ; and in 1887, William John, then 
assistant to the Chief Ship Surveyor of Lloyd’s 
Register, describing the fiilure of the deck of a 
light-sesntling vessel through buckling, hed put 
forward a theory which was very advanced for 
that time and was, perhaps, the forerunner of 





Mr. Muckle’s theory. Since then the subject had 
received further attention, mainly from Professor G. 
Schnadel and from Dr. Montgomerie. Those 
authorities had confined themselves more or less 
to the geometrical problem, to determining the 
stresses at which plating would buckle and relating 
them to conventional stresses imposed on the ship 
at sea. Mr. Muckle had taken a step forward and 
had dealt with the actual stresses to which the 
plating was subjected. Mr. Muckle’s method of 
attack was clear and straightforward, but his 
theory led to the unexpected result that the mean 
virtual stress which a ship could withstand did not 


A 
decrease as the ratio ; increased, but rose after a 


value of about 60 was exceeded. That result was 
so much at variance with eminent opinion, and 
with Dr. Montgomerie’s curves, that it and the cal- 
culations leading to it deserved particular attention. 

At the beginning of the century, failures of deck 
plating under compression had given concern to 
the Committee of Lioyd’s Register; several severe 
cases of buckling had arisen in 1904, the ships 
affected being generally of the awning-deck type 


having beams at alternate frames, the ratio of . 


being about 120. The ships suffered permanent 
set. A decision that beams should be fitted on 
every frame at all unsheathed strength decks was 
introduced into Lloyd’s Rules in 1906, and still 
remained there. There was, therefore, some know- 
ledge to justify a belief that Mr. Muckle’s findings 
might be somewhat misleading. It was difficult to 


accept that, when ; was increased beyond 60, the 


ship could resist a greater bending moment ; indeed, 
the experience of 1904 was a fairly clear indication 
that it could not. On the assumptions made by 
Mr. Muckle, his theory was fair; but perhaps one 
rather weak point was his arbitrary choice of 15 tons 
per square inch as the yield point of mild steel. 
His assumptions were so broad, Mr. Murray thought, 
that his formule could not be related to any precise 
physical qualities of steel. Indeed, it could be 
shown that, by varying the yield point, his graph 
(Fig. 3 in the paper) could be drawn to give very 
peculiar results; for instance, had 20 tons per 
square inch been chosen, the mean virtual stress at 


7 = 80 would be about 12 tons per square inch 


instead of about 6-5 tons per square inch for 15 
tons per square inch. If the yield point were taken 
at 10 tons per square inch, the mean virtual stress 
was reduced to about 3-7 tons at the same ratio of 


4 . The problem seemed to devolve into choosing 


a yield-point value which was compatible with the 
assumptions made in the theory. The only way to 
do that was to attempt to relate the results given 
in the theory with practical considerations, and 
Mr. Murray suggested that the choice of 12 tons per 
square inch for the yield stress gave results which 
were confirmed by experience. 

Mr. E. C. B. Corlett, M.A., said that, as stated 
in the paper, it was recognised that, in aeronautical 
work, panels of plating might carry stresses higher 
than the actual buckling stress; it was clear that 
the same applied to ships’ structures. The bending 
moment at which buckling was initiated was not 
necessarily the ultimate bending moment to be 
borne by the structure, but a quantitative analysis 
presented considerable difficulty. The value of the 
p2per lay in the fact that it was a serious attempt 
to correlate theoretical buckling stresses with the 
actual bending moments acting on the structure. 
Commenting on the author’s assumption that the 
edges of the panel to which the load was applied, 
transverse to the load, remained straight and 
parallel, he asked whether shear lag might modify 
conditions so as to make that assumption ingd- 
visable. On one occasion, he had been told by the 
commanding officer of a tank landing ship that, in 
heavy weather, when in the loaded condition and 
meeting a head sea, a series of buckles could be 
seen travelling aft down the deck towards the 
bridge after the bow had met a head sea. Examina- 
tion of the deck structure, however, disclosed no 
sign of permanent set. The conclusion to be drawn 
was that reached by Mr. Muckle, namely, that 





elastic buckling often occurred, but that buckling 
was not serious unless the effective yield stress of 
the material was exceeded. 

Captain J. Thomson said that, in tankers of 
present-day construction, with longitudinal framing 
under all deck plating, the amount of buckling was 
very small. Recently, he had examined the decks 
of a vessel constructed with longitudinal framing. 
There were no signs of buckling or waving of the 
deck plates after 25 years of service, yet the vessel 
always sagged 6 in. to 8 in. when fully loaded. 
Her dimensions were 531 ft. between perpendiculars, 
beam 69 ft., depth 42 ft. That spoke volumes for 
the elasticity of the steel, and he believed also that 
the longitudinal framing was a contributing factor. 
In other tankers, he had observed waving of the 
deck plates in the vicinity of the ends, where there 
was transverse framing. Usually it took place in 
the lighter strakes; there was no waving in the 
heavier deck plates adjacent. In certain vessels of 
15,000 tons deadweight, built by the Ministry of 
Shipping, the buckling was severe on the forecastle 
head, and the deck was set down several inches. 

Mr. G. M. Boyd mentioned some recent experi- 
mental work at Stockholm on the buckling of 
web plates of plate girders, in which it was shown 
that the factor which really mattered was the 
strength of the frame surrounding the panel. The 
panel itself might suffer considerable elastic buckling, 
and might even yield, and yet it would recover its 
original shape, due entirely to the elasticity of the 
frame. The problem in a ship was usually compli- 
cated by other loadings; for example, it applied 
also to the shell and bottom of a ship, where it 
was greatly complicated by the hydrostatic forces 
which might be applied to a panel, and also to a 
certain extent, by the unknown edge conditions. 
He felt, however, that the assumption made in the 
paper, that the edges of the plates remained straight 
and parallel, was justifiable. With regard to the 
point that a panel could suffer plastic deformation, 
could actually yield and then could revert to its 
initial form, the criterion which the author had 
used for failure was that the surface stress at the 
centre of the panel would exceed a certain arbitrary 
figure. Mr. Murray had put his finger on the spot 
when he had said that it was possible to play with 
that and get any desired answer, Physically, 
the most important criterion for failure appeared to 
be the failure of the frame surrounding the panel. 

Mr. Muckle, replying to the discussion, admitted 
that the yield stress which he had chosen was 
purely arbitrary; but, he said, the stresses calcu- 
lated, to which the yield stress was applied, were 
the maximum surface stresses in the plate. Actually, 
therefore, a considerable proportion of the plate 
must he at well below the stress which he had 
assumed as being that at which failure occurred, 
though he agreed with Mr. Murray that, with a 
different assumption, a different shape of curve 
would result. He was disappointed that his theory 
did not come out so that his curve was at least 
parallel with that of Dr. Montgomerie, for whose 
work he had a great respect. The theory put 
forward was only approximate ; but other investi- 
gators, such as Timoshenko, had gone into the 
matter in great detail, with mathematics consider- 
ably more complieated than his own. Mr. Corlett 
had agreed that, in aeronautical work, the elastic 
buckling of plating was recognised. When, in 
September last, members of the Institution paid a 
visit to the Royal Aircraft Establishment at Farn- 
borough, they saw photographs of aeroplane wings 
under load ; they could see the buckles developing 
as the load was applied, but, when the load was 
removed, the buckles disappeared. 

Shear lag, which would have affected the problem, 
had been left out of the calculations because of the 
complication it would introduce ; but, in its absence, 
he felt justified in assuming that the edges of the 
plates remained parallel after loading. With regard 
to Captain Thomson’s remarks, he believed that the 
chances of buckling in a longitudinally-framed ship 
were almost negligible. In reply to Mr. Boyd, he 
agreed that the problem was complicated in the 
bottom plating by transverse loading in addition. 
Admittedly, with different assumptions, different 
answers could be obtained. 

(Z'o be continued.) 
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THE IRON AND STEEL 
INSTITUTE. 


THe 80th annual general meeting of the Iron 
and Steel Institute opened on Wednesday morning, 
\pril 27, at the Central Hall, Westminster, with 
the President, Sir Andrew McCance, D.Se., F.R.S., 
occupying the chair. 


REPORT OF COUNCIL. 


The minutes of the previous meeting, held on 
November 10 and 11, 1948, having been dealt with, 
the report of Council for the year 1948 was presented 
by the President. This showed that the number of 
members on the roll of the Institute on December 31, 
1948, was 4,903, an increase of 382, or 8 per cent., 
over the record figure for the previous year. The 
Council recorded with regret the death of 35 mem- 
bers which had occurred during 1948, these included 
Mr. Harry Brearley, Sir Peter B. Brown, Viscount 
Greenwood, Sir George A. Mitchell, Sir Clifford C. 
Paterson, Sir Henry B. Robertson, and Sir W. Peter 
Rylands. As announced at the Autumn Meeting, 
last year, the Hon. R. G. Lyttelton had relinquished 
the position of honorary treasurer of the Institute 
at the end of 1948 and, in appreciation of his services, 
the Council had nominated him to be a vice- 
president. Mr. James Mitchell, C.B.E., a vice- 
president of the Institute, had undertaken the 
work as from January 1, 1949. Good progress had 
been made in the development of the scheme for 
National Certificates in Metallurgy. During the 
1947-48 session senior courses, leading to an Ordinary 
National Certificate, were in operation in 17 technical 
colleges and advanced courses, leading to a Higher 
National Certificate, in eight technical colleges. 
During the autumn of 1948 a number of additional 
schemes were approved and there was a considerable 
increase in the number of students entering courses. 
Collaboration with the British Iron and Steel 
Research Association had been continued on the 
lines previously arranged and close relations had 
been established between the two organisations. 
The Institute’s good relations with scientific societies 
and technical institutions at home and abroad had 
been maintained and extended. 


Report oF Honorary TREASURER. 


The statement of accounts, submitted by the 
newly-elected honorary treasurer, Mr. J. Mitchell 
C.B.E., showed that the income for the year ending 
December 31, 1948, was 53,077I., and the expendi- 
ture 55,502I., resuiting in a deficiency of 2,425/., 
as compased with 6,682/. in 1947. Income from 
members’ subscriptions increased from 10,879) in 
1947 to 12,2561. in 1948, while publications contri- 
buted 6,882/. towards the Institute’s income, 
instead of showing a deficiency of 1,490I., as had been 
the case in 1947. The net reduction in the accumu- 
lated fund and reserves after charging the deficiency 
on the income and expenditure account was 2,003/. 


ALTERATIONS TO By-Laws. 


A resolution to amend certain of the Institute’s 
by-laws was then proposed by the President, 
seconded by Mr. Arthur Dorman, and carried. 
Formal notice of this proposal had been given on 
the first day of the Autumn Meeting of the Institute, 
held in London, on November 10 and 11, 1948. 
The main purpose of one of these amendments was 
to enable the Council] to elect associate members of 
the Institute and to define the status, rights, obli- 
gations and qualifications of this class of member. 
Another alteration sought to allow the Council] to 
vary the amount of the entrance fee for new mem- 
bers as they thought fit, to raise the annual sub- 
scription payable by ordinary members to 41. 4s., 
to fix the annual subscription pxyable by associate 
members at Il. 15s., and to draw up a new scale 
for members who desired to compound their sub- 
scriptions. The next matter on the agenda was 
the presentation of the Bessemer Medal to Professor 
J. H. Andrew, D.Sc., and of other awards to their 
recipients, as has been recorded on page 399, ante. 


CHANGES IN COUNCIL AND ANNOUNCEMENTS. 


The secretary then announced the changes which 
had taken place in the membership of the Council 
since the last general meeting in November, 1948. 





In addition to the election of Mr. James Mitchell, 
C.B.E., as honorary treasurer as from January 1, 
1949, and that of the Hon. R. G. Lyttelton as a 
vice-president, Mr. A. Roebuck had been made an 
honorary member of Council during his period of 
office as President of the Sheffield Metallurgical 
Association, in place of Dr. C. Sykes, F.R.S. Simi- 
larly, Dr. D. Binnie had been made an honorary 
member of Council while occupying the position of 
President of the Manchester Metallurgical Asso- 
ciation. Furthermore, in accordance with By-law 10, 
the three vice-presidents, namely, Captain H. 
Leighton Davies, Mr. G. H. Latham and Mr. J. 
Sinclair Kerr, and the five members of Council, 
Mr. T. Jolly, Mr. F. Saniter, Mr. W. F. Cartwright, 
Dr. J. W. Jenkin, and Sir Arthur Matthews, who, 
as announced at the Autumn Meeting in 1948, were 
due to retire in rotation, were now declared to be 
re-elected, no other nomination having been 
received. Further announcements were that Andrew 
Carnegie Scholarships had been awarded to Mr. 
P. L. Chang for the study of ‘‘ Diffusion in Steel 
at Elevated Temperatures ” and to Mr. G. R. Bish 
for the study of ‘‘ The Effects of Cold-Working and 
the Austenite-Martensite Reaction during the Iso- 
thermal Transformation of Steel.” The final 
announcement was that the Autumn General 
Meeting of the Institute would be held in London 
on Thursday and Friday, November 10 and 11, 
1949. 


Om Freine oF OpeN-HEARTH FURNACES. 


Tue first paper to be discussed was one by 
Dr. D. F. Marshall and Mr. H. C. White on “‘ The 
Conversion to Oil Firing of the Open-Hearth 
Furnaces at Park Gate Works.” The contribution 
was presented by Dr. Marshall. The authors 
stated that the open-hearth shop at Park Gate 
works contained nine basic furnaces, having capa- 
cities ranging from 65 tons to 90 tons. Hot metal, 
which normally formed about 40 per cent. of the 
charge, was stored in an active hot-metal mixer of 
400 tons capacity. All classes of carbon steels were 
manufactured. A central storage and pumping 
station, for supplying oil to the plant, had been 
installed on a site 500 ft. from the nearest open- 
hearth furnace. As the furnaces were to be con- 
verted with as little structural alteration as possible, 
the changes were confined almost entirely to the 
furnace ends. The first furnace was converted in 
three weeks, and, 39 weeks later, no producer-gas- 
fired furnaces were in operation. With oil firing 
the instruments used had been increased and each 
furnace was equipped with indicating and recording 
instruments for oil flow, air flow through both 
chequers, steam flow, furnace-roof temperature (at 
two points), flue temperature (at four points) and 
furnace pressure. The flow of oil and steam were 
integrated, and the flow of oil, air and steam were 
recorded on a three-point recorder. Each panel 
was fitted with a clock. In addition to these instru- 
ments mounted on one panel, each furnace was 
provided with a four-point indicator, showing 
furnace draught, waste-heat boiler-uptake draught, 
boiler-inlet draught, and boiler-outlet draught. 
Finally, immersion-pyrometer equipment was in- 
stalled on two furnaces, and was arranged so that 
it could be ultimately introduced as standard equip- 
ment throughout the shop. 

Over a period of 57 operating weeks, 235,301 tons 
of ingots had been made, using 7,355,655 gallons 
of oil, namely, 31-3 gallons per ton. This included 
184,192 gallons of oil which were used to heat up 
new furnaces from cold. During normal production, 
therefore, the oil consumption was 30-5 gallons per 
ton. An important feature of the new procedure 
was the greater regularity of performance when 
using oil fuel. The previous practice on producer 
gas was notable for its exceedingly wide variation 
of roof life, a factor which ultimately caused loss 
in output owing to the inability to forecast repairs 
accurately. This narrowing down of the range of 
performance was definitely advantageous, and had 
been attributed to closer reproduction of furnace 
operation, cast by cast, a direct result of instru- 
mentation and its method of application. Dr. 
Marshall added, when presenting the paper, that, 
whereas in the first 13 weeks of 1946 the total 
output of the melting shop, when using producer 





gas, had been 58,930 ingot tons of steel, that for 
the corresponding period of 1949, when using oil 
fuel, was 81,980 ingot tons. 

Mr. R. W. Evans, who opened the discussion, said 
that it would have been helpful if the authors had 
given the furnace capacities and also the hearth 
areas. The analyses of the hot metal used might 
also have been furnished. Moreover, he would like 
some information on the question of the effect of 
using what was presumably a relatively high- 
sulphur fuel oil. The next speaker, Dr. T. P. 
Colclough, said that the firm and the engineers 
concerned were to be particularly congratulated on 
the very short period occupied in making the change- 
over from gas to liquid fuel of a complete shop of 
nine furnaces. Another matter of value was the 
extremely simple set of rules which had been 
established for the control of the furnaces and the 
use of the oil fuel. There had been no undue 
difficulty in training men in the new methods, in a 
district which was characteristically conservative. 
The present paper and the one to be presented on 
the morrow, on the charging of furnaces, were con- 
cerned with questions of operating costs and he 
pleaded that there might be some relaxation of the 
ban which had so far been maintained on the intro- 
duction of cost figures into a paper of this type. 
If authors were allowed to express costs in pounds 
per ton, man-hours per ton, electric power per ton, 
and so on, the value of papers of this character 
would be greatly enhanced. 

On this question, the President, Sir Andrew 
McCance, F.R.S., said that there was no actual 
ban on the publication of cost figures in the Journal. 
These were rarely quoted, but he did not think that 
anyone who wished to give such figures would find 
that the paper was barred on that account. It was 
largely, therefore, a question of encouraging an 
attitude rather than of removing a ban. Mr. R. A. 
Hacking, the next speaker, said that a wise decision 
made by the Park Gate Company was that, on 
every shift, two men were charged with the task of 
seeing that the instruments were properly main- 
tained and working, so that the confidence of the 
operating staff on the furnace stage was not lost. 

Dr. J. H. Chesters, in a communication read on 
bis behalf by Mr. I. M. D. Halliday, wrote that the 
excellent results obtained with the converted 
furnaces were due, in no small measure, to the fact 
that, before any furnaces were converted, clear 
agreement had been reached as to what was to be 
controlled. The minimum number of instruments 
required were fitted and a logical system of super- 
vision was carried out to ensure that the control did, 
in fact, exist. The authors had stated that the 
“foaming” of slags was a more serious problem 
when using oil fuel, but he (Dr. Chesters) had 
previously had the impression that oil flames were 
highly luminous and that luminosity was one of the 
main guarantees against undue foaming. The next 
speaker, Mr. G. W. Allan, said that a test had just 
been carried out on a gas producer in Sheffield with 
a view to improving its output from the furnace 
point of view. Two things had been done, the first 
was, by making ordinary engineering alterations, to 
modify the producer to give a gas-exit pressure of 
5 in. water-gauge, as compared with the usual 2 in. 
The second was to see what could be done by 
attention to the coal distribution and general 
common-sense improvement of the plant. Good 
results had been secured. In his opinion, the 
authors had not been quite fair to gas in comparing 
roof lives under gas and under oil, because, when the 
firm had changed over to oil, they had also put in 
roof-temperature recorders, which, of course, were 
of great help in preserving roof life, whereas, when 
they used gas, they did not have these instruments. 

Dr. A. H. Leckie said that the authors had, 
rightly, emphasised an important point, namely, 
that it was no use at all putting in a lot of instru- 
ments unless the results thereby obtained were 
going to be analysed and fully used. Mr. Allan 
had made a plea for the gas producer, and, in this 
connection, it should be pointed out that if all the 
time and effort spent on instruments and on controll- 
ing oil-fired furnaces had been given to gas-fired fur- 
naces, producer gas might have shown up to better 
advantage. Hence, those firms which were going on 
using producers need not feel discouraged. Mr. 
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T. W. Hand, who spoke next, said that, in the long 
run, the economics of the situation had to be faced, 
and in that respect experience at his works had been 
a little disappointing, as they had found that on a 
strictly comparable basis, producer gas still had the 
advantage. 

Mr. A. I. Aitken said that they, at Dalzell Works, 
thought that the high kinetic energy in the atomised 
and subsequently vapourised oil stream would suffice 
to induce the necessary regenerated air for both 
speedy and efficient combustion. This, they felt, 
was of the utmost importance, on account of the 
deleterious effects of sulphur pick-up from the oil, 
both on furnace productivity and on steel quality. 
Withdrawing the burner progressively from the 
hearth had ameliorated this position, and in their 
latest modification of the straight end there was no 
burner arch or platform below it. This allowed 
more or less free circulation of combustion air 
round the burner tip, and, consequently, they 
should experience less difficulty with sulphur 
pick-up. Roof pyrometry at Dalzell at its inception 
had given considerable trouble. Originally three 
total-radiation pyrometers, sighted on both ends 
and on the centre line of the furnace, had been 
used, but the water and oil condensation inside the 
instruments had necessitated almost hourly cleaning 
and recalibration. These total-radiation pyro- 
meters had since been replaced. by photo-electric 
cell units of their own manufacture. They had 
experienced no trouble with water or oil in the 
air supply, although these might still be present. 
Should the ambient temperature of the cell rise 
because of the failure of the water supply, no lasting 
ill effects were experienced, because when the 
normal ambient temperature was reimposed, the 
cell output returned to the calibrated value. As a 
result of chis, their melting-shop instrument- 
maintenance staff now comprised only two electrician 
engineers working on day shift. Some of the 
instruments had continued as long as 3-4 days with- 
out any major adjustments being made or having 
the lenses cleaned. Nevertheless, the readings 
were checked as often as was practicable with a 
Cambridge ‘‘ Disappearing-Filament ”’ pyrometer. 
The authors’ figures on oil consumption were 
interesting, namely, 30-5 gallons per ton for normal 
working and 0-8 gallon per ton for heating up. 
At Dalzell the overall consumption at present was 
in the region of 39-3 gallons perton. They allowed 
about 4 gallons per ton for water cooling, 1-2 gallons 
per ton for ladle heating, and 1 gallon per ton for 
heating up. Had they been using 35 per cent. hot 
metal in their charges, he wondered whether the 
authors would agree that their oil consumption 
might be lowered by 7 gallons a ton. 

Dr. D. F. Marshall, in reply, said that the analysis 
of the hot metal was as shown in Table I. With 








TABLE I. 

Element. To Mixer. ty Mixer 
Silicon y | 0-8 0-45 
Sulphur p 0-04-0-06 0-04 
Phosphorus : | 1-0-1-2 0-9 

nese 1-0-1-5 0-9 





regard to foam‘ng slags, he believed that they were 
not using steam having a sufficiently high degree 
of superheat, and under such conditions the ten- 
dency was to get foaming. Incidentally, they in- 
cluded in foaming slags all slags which “ lifted.” 
There did not seem to be a direct relation between 
roof height and oil consumption. Two or three 
speakers had referred to sulphur removal. Their 
answer was that, whatever they had done when 
using producer gas they had repeated with oil, in so 
far as sulphur removal was concerned, and they 
were working with products requiring 0-025 to 0-04 
per cent. sulphur in the final product. In reply 
to Mr. Allan, they did not dislike gas producers ; 
they still used them. At the time of the change-over 
to oil, the ash in the coal had increased as compared 
with previously-used fuel, the coal was irregular in 
size analysis, it had a much higher moisture content, 
and, worst of all, it contained a very large quantity 
of ‘‘ tramp” iron, which was fatal in a mechanical 
producer. 

(To be continued.) 








LABOUR NOTES. 


Tue Prime Minister reaffirmed the Government's 
policy on wages, salaries and profits when replying to a 
Parliamentary question last Monday. Mr. C. R. Attlee 
said that the principles laid down in the White Paper 
on “ Personal Incomes, Costs and Prices,” published 
in February, 1948, were still an essential factor in the 
Government’s economic policy. Those principles 
could be summarised as requests that there should be 
no further general increase, after the publication of the 
White Paper, in the level of personal incomes, whether 
from profits or earnings, without at least a correspond- 
ing increase in the volume of production, and that 
every effort should be made to reduce prices. If, 
however, wages and salaries were increased in any 
class of employment, contrary to the intention of the 
White Paper, there could be no presumption that the 
Government would take into account the increased 
costs which resulted from such additional remuneration 
when settling controlled © samc charges, marginal 
increases, or other financial matters requiring action 
by them. 





Continuing, Mr. Attlee said that the improvement 
in the country’s economic position last year was 
undoubtedly due, in a large measure, to the restraint 
shown on all sides in response to the Government’s 
plea. The need for that restraint was as great to-day 
as it was a year ago. It was equally important that 
action should continue to be taken to reduce prices 
whenever possible. He felt sure that the Government 
would continue to receive the same wide measure of 
support for their policy as had been accorded to them 
during the past twelve months. A supplementary 
question referred to wage increases having been granted, 
since the publication of the White Paper, which were 
equivalent to an annual rate of one hundred million 
pounds. Mr. Attlee replied that certain long-standing 
demands for wage increases had been met because, as 
had been explained in the White Paper, it was not con- 
tended that it was possible or desirable to put an abso- 
lute bar on all changes. 





Labour fluctuations have presented the National 
Dock Labour Board with some of their most difficult 
problems, according to their first annual report which, 
on this occasion, covers a period of six months only. 
The report was published on Monday last and deals 
with the time between June 28, 1947, when the Board 
took over the dock labour scheme of the Ministry of 
Labour, and January 3, 1948. It includes a summary 
of the Board’s accounts for the period. During the 
27 weeks ending on January 3 last year, the average 
number of men on the port registers is stated to have 
been 74,585, with an average of 91-7 per cent. available 
for work. The numbers of men at work, however, 
fluctuated widely from time to time, despite the high 
average level of a. and these fluctuations 
made the provision of regular employment, the primary 
object of the dock labour scheme, a matter of much 
difficulty. 


Confronted with shortages of labour and the need 
to overcome shipping delays, local dock boards, in 
many cases, asked for increases in man-power, with the 
result that approximately 3,000 men were recruited. 
It was the policy of the National Dock Labour Board, 
however, to encourage local dock boards to secure 
additional labour by obtaining the transfer of dock 
employees from other ports, and by the employment 
of non-registered men. The daily average number of 
dock personnel working away from their home ports 
during the six months to January 3, 1948, was 1,520. 
The very low rate of absenteeism among their em- 
ployees is described by the Board as being most satis- 
factory. Their report states that the greatest difficulty 
with which the Board has had to contend has been the 
absence of sufficient information about future man- 
power requirements. Past experience, on which the 
Board has had to rely, has proved inadequate to cope 
with modern conditions. The Board has decided to 
urge Government Departments and industrial concerns 
to supply them with whatever forecasts on trade 
developments may be available. 





The special delegate conference of the National 
Union of Railwaymen decided unanimously, at its 
resumed meeting in London on April 28, to submit a 
new wage claim for an all-round increase of 10s. a 
week. A demand will be presented also for time-and-a- 
quarter rate for work done between noon and midnight 
on Saturdays, this rate to be irrespective of the over- 
time and night-duty rates payable under the existing 
agreements. This concession, if granted, will thus 
mean time-and-a-half rate for late work on Saturdays, 
in some cases. The Union’s executive committee were 
empowered to take whatever measures they might con- 
sider necessary to bring these claims to a successful 





conclusion. Theze were decided upon when the special 
delegate conference received the reply from Mr. George 
Isaacs, to the Union’s appeal for his intervention in 
the dispute, that he was unable to interfere with the 
awards of the arbitrating bodies. 





A resolution demanding strike action was dropped 
but Mr. J. B. Figgins, general secretary of the Union, 
said after the meeting that the new claims would be 
prepared immediately and presented during last week- 
end to the Railway, London Transport, and Hotels 
Executives, as well as to the Docks and Inland 
Waterways Executive. The Union would request an 
early meeting with the Railway Executive and it was 
hoped to recall the delegate conference within th: 
next three weeks. Mr. Figgins emphasised that these 
demands constituted entirely new claims. He was of 
the opinion that the Executives would be willing to 
hear the Union’s case and to negotiate. The circum. 
stances surrounding the new claims are such as to give 
the Union’s executive a broader field of possible action 
and they are not committed to go to arbitration. The 
men’s leaders hope that their arguments in favour oi! 
the increases, based on the rise in the cost of living since 
June, 1947, and on the higher food prices resulting 
from the Budget cuts in food subsidies, will cause the 
claims to be conceded. 


During March, the weekly full-time wages of some 
1,095,000 workpeople received increases amounting 
in all to apety 184,0001., according to the 
April issue of the Ministry of Labour Gazette. These 
increases affected mainly persons employed in the 
agricultural industry, in which the minimum wage 
rates fixed by Orders made under the Agricultural 
Wages Act were increased, in general, by 4s. weekly for 
men and 3s. weekly for women, with proportional 
amounts for juveniles. Altogether, increases in the 
agricultural industry accounted for 133,000/. out of 
the total for the month of 184,000/. Changes in the 
hours of labour during March resulted in an average 
reduction of just over one hour a week for some 748,000 
workpeople in England and Wales. The groups mainly 
affected were persons employed in agriculture and by 
the Forestry Commission, the hours to which their 
weekly minimum rates apply being reduced from 
48 to 47. During the first three months of 1949, 
2,911,000 persons have received net wage increases 
amounting, in the aggregate, to 376,4001. weekly. 


A sub-committee of the National Joint Advisory 
Council of the Ministry of Labour was set up on April 27 
to investigate obstacles to production, including the 
difficult problems raised by restrictive labour practices 
in industry. The Trades Union Congress, the British 
Employers’ Confederation, and the nationalised 
industries will each be represented on the new sub- 
committee. Restrictive labour practices have already 
engaged the attention recently of Unions and employers 
alike, and the subject has been before the National 
Joint Advisory Council on previous occasions. 


The interim-index of retail-prices figure for all items 
at mid-March was 109, at which level it has remained 
stationary since mid-November last year. The figure 
for food only, however, fell at mid-March by one point 
to 108. The index of rates of wages, which measures 
the movement, month by month, of weekly wages in 
the principal industries and services in the United 
Kingdom, stood, at the end of March, at 108 for all 
persons. The index figures for men, women, and 
juveniles, separately, each rose by one point during 
March to 108, 110, and 111, respectively. From these 
figures, it would seem that, in the main at any rate, 
wages are keeping in step with retail prices and, 
indeed, have advanced beyond them in some cases. 
Both indexes were commenced in June, 1947, the 
levels on that date being taken as 100, in every instance. 


March was another relatively quiet month in res 
to industrial disputes, although 15,000 more worki 
days were lost then than during February. In all, 17 
stoppages of work were in progress during March and, 
in these, 19,300 persons were involved and 71,000 
working days were lost to industry. The comparative 
figures for March, 1948, were 214 disputes with 63,900 
workpeople involved and 229,000 days lost. The 
principal groups concerned in the 172 disputes in 
progress last March were the coal-mining industry, 
which was responsible for 98 of them, and the metal, 
engineering, and shipbuilding industries, which were 
together responsible for another 42. For the first 
three months of this year, 91,000 persons have taken 
part in 400 strikes which have cost industry 241,000 
working days. 
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SOME CURRENT TYPES OF MARINE 
DIESEL ENGINE.* 


By C. C. Pounprer, M.I.Mech.E. 


THE present paper comprises brief descriptions of 
three distinctive types of marine Diesel engine, and 
some expressions of opinion upon a number of matters 
of current interest. The author restricts his remarks to 
some of the engine types—built by Harland and Wolff, 
Limited, in Belfast and Glasgow—with which, for many 
years, his work has lain. Fig. 1, on this page, shows, 
in transverse section, the latest design of double-acting 
two-stroke engine. The aggregate power of engines 
of this type, in service and on order, is approximately 
200,000 indicated horse-power. The general design of 
the engine will be clear from the diagram. There is a 
double-ended main piston, which transmits power to 
the crankshaft through the customary running: gear. 
The cylinder is scavenged longitudinally, air being 
admitted from the scavenge belt, at mid-height, 
through radial ports in the liner. Full-diameter ex- 
haust pistons, above and below the main piston, 
control the exhaust periods. For each cylinder, the 
exhaust pistons are operated from a pair of eccentrics 
on the crankshaft, the intermediate mechanism com- 
prising four long vertical side-rods extending from top 
to bottom exhaust-piston yokes, a pair of rods between 
bottom yokes and crossheads, and two eccentric rods 
from crossheads to eccentric straps. The parts are 





* Paper presented at a meeting of the Institution of 
Mechanical Engineers, held in London on Friday, March 
18,1949. Abridged. 
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Fig. 2. 




















(9505 8) 
indicated as follows in 
Fig. 1: exhaust piston, 
a; main piston, b; 
exhaust manifold, c; 
air manifold, d; start- 
ing air, e; fuel pump, 
| f; change valve, g; scavenge blower, h; manceuvring 
| gear, 7; eccentric, k ; fuel valves, m. The same notation 
| is used in Fig. 2. 

The engine develops 1,000 shaft horse-power per 
cylinder, at 115 to 120r.p.m. The cylinder is of 550 mm. 
(21-65 in.) bore, 1,200 mm. (47-25 in.) main stroke and 
400 mm. (15-75 in.) exhaust stroke. This is the 
smallest cylinder size which the author would recom- 
mend for a double-acting engine. The piston mean 
speed at 120 r.p.m. is 4-8 m. per second (945 ft. per 
minute); the average of the top and bottom mean 
indicated pressures is 6-5 kg. per square centimetre 
(92-5 lb. per square inch). A mean indicated pressure 
of 7-0 kg. per square centimetre (100 Ib. per square inch) 
can be continuoulsy sustained, but 6-5 kg. per square 
centimetre is more economical in terms of maintenance. 
These figures are on the basis of a 24 hours a day 
rating. The engine bedplate, framing, and scavenge 
belt are constructed equally well in cast iron and 
fabricated steel. The framing is calculated to ensure 
freedom from transverse critical periods. Neither 
damper nor de-tuner is needed for the crankshaft 
system. Reversing is positive and instant. Starting 
air is supplied from reservoirs at 25 kg. per square centi- 
metre (356 lb. per square inch). The engine will start 
on air pressures as low as 10 and 12 atmospheres (say, 
140 to 170 Ib. per square inch). 

The extreme breadth of the bedplate is 4 m. (13-1 ft.); 
the ratio of height to base is 2-48 : 1—the height being 
reckoned from bedplate chocks to exhaust-piston yoke 
at top of stroke. When rated at 1,000 shaft horse- 
power per cylinder at 120 r.p.m., and with a fabricated- 
steel construction, the shaft horse-power developed per 
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ton weight for a bare engine over crank-ends is over 
18 (British units). This figure becomes 25 at top 
rating. The engine is thus the most concentrated form 
of direct-coupled Diesel power unit in current use for 
the mercantile marine. The maximum bending stress 
in the bedplate cross-girder is 150 kg. a square centi- 
metre (say, 2,000 lb. per square inch) for cast iron and 
250 kg. per square centimetre (say, 3,600 lb. per square 
inch) for fabricated steel. The calculations take into 
account the gas pressures, inertia forces, etc. The cross- 
girder, whether steel or cast iron, requires ribbing to 
unite the central boss to the heavy flange and to stiffen 
the panelling ; otherwise the plate might buckle. The 
ratio of girder depth to plate thickness is normally 
between 40:1 and 50: 1. 

At 120 r.p.m., the upward acceleration force for the 
main running gear is 12-1 times the weight. The top 
compression pressure is normally 33 to 35 kg. per square 
centimetre (470 to 500 Ib. per square inch), and the 
bottom compression pressure, 31 to 33 kg. per square 
centimetre (440 to 470 lb. per square inch). The initial 
pressure is not more than 49 kg. per square centimetre 
(697 lb. per square inch) and on this figure the crank- 
shaft calculations are based. In the bottom cylinder, 
the piston-rod sleeve causes a cross-sectional loss of 
16 per cent. The cylinder constant is 1-554 for metric 
units and 1-534 for British units (i.e., indicated horse- 
power per cylinder = mean indicated pressure x 
r.p.m. X 1-534). For the computation of this con- 
stant, the total stroke is taken as the arithmetical sum 
of the main and exhaust piston strokes. In strict 
accuracy, the vector sum should be taken, with the 
eccentric at the angle of lead, but the limitations of 
accuracy of recording make this difference negligible. 

Scavenge air is supplied by a positive rotary double- 
unit blower, mounted on the back of the engine. It is 
chain-driven from a sprocket wheel on the crankshaft. 
The fuel pumps are operated by a camshaft, also chain- 
driven. _s this engine, as in the engines described later, 
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the pistons are oil-cooled by a telescopic pipe system. 
The cooling oil flows serially through the exhaust 
pistons, ensuring that the bottom piston is fully 
flooded. The cylinder liners are fresh-water cooled ; 
the cooling extends for the total travel of main and 
exhaust piston rings. 

At the present time, for reasons which have their 
root in the deterioration of overhauling staffs at the 
repair ports, there is a tendency to favour single-acting 
engine types. This tendency may become permanent 
practice ; alternatively, sentiment may, in time, deal 
with the double-acting Diesel engine as it did with the 
double-reduction geared turbine. For a period, double- 
reduction geared turbines were in favour ; then, result- 
ing from repeated gearing failures, “‘ sentiment ” set in 
against the type, and, for 20 years, shipowners would 


accept nothing but single-reduction gearing. The most | ing 


knowledgeable men in the marine world were sure that 
—notwithstanding its cause—this widespread adverse 
distrust was wrong; nevertheless, it persisted. In 
recent years, however, sentiment has changed com- 
pletely ; now, double-reduction geared turbines are 
standard practice. In like fashion, shipowners may 
return to double-acting engines. 

A six-cylinder single-acting two-stroke crosshead 
engine is illustrated in Figs. 2 and 3, page 429 and 
on this page. It will be seen that the engine is, indeed, 
simple. The cylinder size most frequently in demand 
is of 750 mm. (29-53 in.) bore, 1,500 mm. (59-06 in.) 
main stroke, and 500 mm. (19-68 in.) exhaust stroke. 
A moderate rating is: mean indicated pressure 6-5 kg. 
per square centimetre (92-5 lb. per square inch), mean 
piston speed 5-25 m. per second (1,033 ft. per minute). 
The engine shown in Figs. 2 and 3 is of 620 mm. (24-41 
in.) bore and 1,870 mm. (73-6 in.) combined stroke. 
In Fig. 3, a is the exhaust piston ; 5, the main piston ; 


c, the exhaust ports; d, the scavenge ports; e, the | persq 


automatic air valve ; f, the fuel valve; g, the starting 
valve; h, the thrust block; j, the-eccentrics; and k, 
the scavenge-blower drive. 
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As in the double-acting engine, the basis of design 
is a short rigid and compact crankshaft. In the steam 
reciprocating engine, it was the cylinder spacing that 
determined the centres, but in the Diesel engine it is 
the crankshaft which is the determinant. Hence there 
has always been an incentive to shorten the fore-and- 
aft dimensions of the crankshaft elements, such as 
lengths of crankpins and main bearings, thicknesses of 
webs, etc. Figs. 4 and 5, for example, opposite, show 
how a sunk fillet can assist in conserving the bearing 
surface, where the design so requires. This method 
has been in use, in Belfast, for more than 15 years. 
The crankwebs are of cast steel, and eccentric sheaves 
and balance weights—if any—are cast integrally with 
the crankwebs. The four radial holes in the journal 
piece at each main bearing, through which the lubricat- 
oil finds entrance to the crankshaft, have never 
been the occasion of the slightest apprehension. 

Some engineers continue to be sceptical of the value 
of an eccentric as an instrument for transmitting power. 
In the steam engine, eccentrics were used for operating 
the cylinder slide-valves from the crankshaft, and they 
were frequently a source of worry to the engineer. In 
the light of present-day knowledge, the design and 
construction of those old-time eccentrics will not bear 
serious scrutiny. E iments have demonstrated that 
the frictional losses in properly designed eccentrics are 
no greater than in crankpin bearings. The results of 
one set of experiments, under steady loading, are 
shown in Fig. 6, opposite, in which curve a shows the 
coefficient of friction and curve } the horse-power lost 
in friction. The eccentric sheave was 750 mm. 
(29-5 in.) in diameter, 95 mm. (3-75 in.) wide, and had 
an effective surface of 656 sq. cm. (102 sq. in.). The 
speed varied between 135 and 200r.p.m. The lubricat- 
ing-oil pressure was 0-5 kg. per square centimetre (7 Ib. 
ware inch) and the oil temperature 35 to 50 deg. C. 
(95 to 120 deg. F.). If these results, obtained under 
oo , are applied to an actual engine, the aggre- 
gate frictional] loss at the eccentrics lies between 1 and 
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2 per cent. of the engine power. Other experiments 
established coefficients of friction between 0-0035 and 
0-0075, depending upon rubbing speed, pressure, tem- 
perature, and oil viscosity : the lower value was more 
usual. Surface pressures reached 120 to 125 kg. per 
square centimetre (say, 1,700 to 1,800 lb. per square 
inch)—much higher than those used in engine design. 
The eccentric drive is equal to the crankshaft drive in 
efficiency, superior in strength and stiffness, and 
cheaper in cost. Figs. 7 and 8, opposite, show the 
cyclic load-variation on the eccentrics of a single-acting 
two-stroke engine. 

Figs. 9 and 10, opposite, show a typical loading 
diagram for the main bearings of a single-acting engine. 
For some of the bearings there is no “lift’’; for the 
others, the upward load is insignificant. Years ago, 
in the main bearings of certain double-acting engines 
which had a continuously downward load, the white 
metal tended to “ wipe.”” The bearing surface, at that 
time, was divided into three pads—formed by two 
longitudinal oil grooves—the pads having carefully 
scraped tapered edges for the inducement of a stable 
oil film. This construction had been very successful, 
under heavy loading, for many years. The wiping was 
overcome by eliminating the oil grooves and increasing 
the running clearance. In some of the most successful 
Harland and Wolff two-stroke single-acting engines 
afloat, the main bearing pressures vary during the cycle 
from 20 kg. per square centimetre (285 lb. per square 
inch) to 110 kg. per square centimetre (1,565 lb. per 
square inch), being always downwards. The cyclic 
mean value is about 40 kg. per square centimetre 
(570 Ib. per square inch). These engines have all been 
in service for more than ten years. 

A main bearing of current design for a single-acting 
engine is illustrated in Figs. 11 and 12, opposite. There 
is a tapered entrance at each side of the bearing, as 
shown in Fig. 13, opposite, and there are no oil grooves. 
The white-metal thickness for crankshafts of 350 mm. 
(13-78 in.), to 600 mm. (23-62 in.) diameter is 8 mm. 
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(0-31 in.). Reliance is placed primarily upon the 
bonding of the white metal with the cast steel of the 
bush, but, in addition, there is a reasonable amount of 
dovetailing. The author has been a consistent advocate 
of the use of thin white metal and the avoidance of 
dovetailing, a view which finds ample support in current 
high-speed engine practice. Therefore, he welcomed 
the wartime regulation which restricted white-metal 
thicknesses to 3 mm. (0-12 in.). The results, however, 
were not wholly satisfactory ; thorough adhesion of 
white metal to large steel surfaces, such as main- 
bearing bushes and guide shoes, could not be relied 
upon. Impurities in the steel militated against success- 
ful bonding—a factor not present in pre-war steel when 
made to the specifications of that time, which disallowed 
chromium and nickel and limited the amounts of man- 
ganese and carbon. Moreover, it has to be remembered 
that replacements must sometimes be made abroad, in 
ports where facilities are uncertain. Accordingly, 
prudence has counselled the use of white metal 8 mm. 
thick for bearings in which, in war time, the white 
metal was 3 mm. thick and in pre-war days was 12 mm. 
thick. The deposition on the steel, by electrolysis, of 
a film of copper, prior to tinning, can be helpful. 
Reference has been made to running clearances. An 
old-time marine rule for the running clearances in 
bearings allows one-thousandth of an inch per inch of 
shaft diameter. For Diesel propelling engines, this 


amount is normally too great; three-quarters of a 
thousandth is more representative. 


Some engineer- 
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successfully reduce their running clearances to one-half 
thousandth per inch of diameter. In the author’s 
opinion, main bearing clearances can be influenced by 
variations in the torsional stiffness of crankpins, and 
he sometimes wonders whether survey rules always 
ensure the requisite degree of torsional stiffness, 
especially for some forms of two-stroke double-acters. 
Not every seagoing engineer appreciates that crankpins 
are in torsion and that, in a multi-cylinder engine, a 
slight lack of crankpin rigidity—by throwing the 
centre-line of one or more journal-pieces out of line 
with the remainder of the crankshaft—may make it 
necessary to increase the main-bearing running clear- 
ance if an abnormal amount of “ wiping” is to be 
avoided. In a recent engine, the journals of which are 
475 mm. (18-7 in.) in diameter, the crankpins have 
been made 560 mm. (22-05 in.) in diameter. If one or 
two main bearings of a multi-cylinder engine show 
relatively high loading, in the design stage, it will be 
advisable to fit balance weights to the adjacent crank- 
webs of such magnitude and at such angles as may be 
n to reduce the loading, having due regard to 
the overall dynamic balancing of the engine. 

It is common practice, by the installation of exhaust- 
heat boilers, for as much heat as possible to be ab- 
stracted from the propelling-engine exhaust gases. 
Similarly, for cargo ships especially, the engine-room 
pangs width on end ob tux anv otten ified to be 
main-engine driven. 





(To be continued.) | 
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LOW-ALLOY STEEL OF HIGH 
| STRENGTH AND TOUGHNESS. 


As the final outcome of a request made early in 
1945, by a manufacturer of aircraft, for a low-alloy 
steel which, when heat-treated in sections up to about 
4 in. in thickness, would have a tensile strength of 
103 tons per square inch and a minimum Izod value 
of 30 ft.-lb., a new steel called Hy-Tuf has been 
developed in the research laboratory of the Crucible 
Steel Company of America, Harrison, New Jersey, 
U.S.A. The material, which is covered by a United 
States patent, high strength and high tough- 
ness and low notch sensitivity, coupled with relatively 
high hardness. Using British Standard Specification 
for Aircraft Materials and Components No. 2S 28 as a 
starting point, experiments were put in hand and these 
yielded encouraging results. Eventually an optimum 
composition was evolved which eg end and con- 
sistently met the requirement put forward, and the 
material has now been placed on the market. In an 
article in a recent issue of The Iron Age, Messrs. P. 
Payson and A. E. Nehrenberg, of the Crucible Steel 
Company of America, state that the average percentage 
composition of the steel is carbon, 0-25; manganese, 
1-30; silicon, 1-50; nickel, 1-80; and molybdenum, 
0-40. When oil-quenched from 1,575 deg. to 1,600 
deg. F. (860 deg. to 870 deg. C.), and tempered at 
550 deg. F. (290 deg. C.) the steel has a 0-2 per cent. 
yield strength of 86 tons per square inch, a tensile 
strength of 104-5 tons per square inch, an elongation, 
on 2 in., of 13-1 per cent., a reduction of area of 
49-7 per cent., and a hardness, on the Rockwell “C” 
scale, of 46-5. At 70 deg. F., the Izod value of the 
steel is 31, and at —40 deg. F., it is 25. The steel 
appears to be generally superior to other low-alloy 
steels in ductility as well as in toughness. 

When heat-treated to a tensile strength of 105 tons 
per square inch the new steel is stated to have a better 
notch-impact resistance than other low-alloy construc- 
tional steels heat-treated to the same tensile-strength 
level. The material, moreover, is less sensitive to 
notch effects both in static tensile tests and in rotating- 
beam fatigue tests. By means of the Jominy and other 
tests, the new steel is shown to possess high harden- 
ability, so that relatively large sections can be success- 
fully heat-treated to give high strength. In spite of 
its high hardenability, however, the steel can be 
flash welded satisfactorily and it can also be arc- 
welded, it being stated that X-ray examination of a 
number of arc-welded }-in. plates showed them to be 
free from cracks, even when the plates were welded at 
room temperature. Hy-Tuf, it is emphasised, cannot 
be carburised as readily as some other steels of similar 
type and the steel is not recommended for case- 
carburised parts. When, however, a case of only a 
few thousandths of an inch in thickness is required, the 
material can be treated in a commercial cyanide bath, 
at 1,600 deg. F. (870 deg. C.), followed by an oil quench. 
This will give the steel a hard case, some 0-007 in. to 
0-009 in. in depth, and a core of high strength and 





toughness. The cyanide-bath treatment is relatively 
speedy, it being stated that the time required ranges 
from only 30 to 60 minutes. 
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LAUNCHES AND TRIAL TRIPS. 


S.S. “‘ ARMANISTAN.”—Single-screw cargo liner, carry- 
ing twelve passengers, built and engined by Messrs. John 
Readhead and Sons, Limited, South Shields, for the 
Strick Line, Limited, London, E.C.3. Twenty-eighth 
vessel, and d Ar istan, built for these owners. 
Main dimensions: 511 ft. 6 in. by 62 ft. 2 in. by 33 ft. 7 in. 
to upper deck; deadweight capacity, 11,000 tons on a 
draught of 26 ft. 3 in. Triple-expansion steam recipro- 
cating engines, and four oil-fired boilers, to give a service 
speed of 14 knots. Trial trip, April 21. 


S.S. “ PINELAND.”’—Single-screw vessel, for the car- 
riage of timber and general cargo, built by The Caledon 
Shipbuilding and Engineering Company, Limited, Dun- 
dee, for the Currie Line, Limited, Leith. Main dimen- 
sions: 320 ft. by 46 ft. by 23 ft. 3 in.; deadweight 
capacity, 3,600 tons on a draught of 19 ft. 6 in.; timber 
deadweight capacity, 3,900 tons on a draught of 20 ft. 9 in. 
Triple-expansion engines supplied by Messrs. John G. 
Kincaid and Company, Limited, Greenock, and two oil- 
burning cylindrical boilers. Speed, 12 knots. Launch, 
April 25. 

M.S. “‘ PortT AUCKLAND.”—Twin-screw cargo liner 
carrying twelve passengers, built and engined by Messrs. 
R. and W. Hawthorn, Leslie and Company, Limited, 
Hebburn-on-Tyne, for the Port Line, Limited, London, 
E.C.3. Main dimensions: 525 ft. (between perpendicu- 
lars) by 70 ft. by 43 ft. to upper deck; deadweight 
capacity, about 12,000 tons on a mean draught of 
29 ft. 44 in.; gross tonnage about 12,000. Two six- 
cylinder Hawthorn-Doxford engines to give a total of 
13,200 b.h.p. in service at 112 r.p.m. Service speed, 17 
knots. Trial trip, April 26. 








CATALOGUES. 


Cutting Oils.—An informative booklet on cutting oils 
has been issued by Messrs. C. C. Wakefield and Company, 
Limited, 46, Grosvenor-street, London, W.1. The 
characteristics and applications of soluble oils and neat oils 
are considered. 


Oil Seals.—Particulars of Seatrist oil seals are given in 
a brochure issued by the makers, Messrs. Ronald Trist 
and Company, Limited, Bath-road, Slough. The flexible 
component is of high-grade oil- and petrol-resisting 
synthetic rubber. 


Metal-Cutting Saw.—A leafiet obtainable from Messrs. 
W. Whitfield, Limited, Stroud, Gloucestershire, describes 
that firm’s type 165 high-speed metal-cutting saw. An 
4-in. thick abrasive wheel is driven by a 5-h.p. motor, 
and the workpiece is fed forward on a traversing table 
by means of a pedal. 


Tube-Bending Appliances.—Two leaflets issued by 
Messrs. C. Ryan and Company, 2 to 20, Pancras-street, 
London, W.C.1, give particulars of hand-operated 
appliances for bending tubes. There are about half-a- 
dozen types, in various sizes, the largest being suitable 
for tubes up to about 2} in. bore. 


Moulds for Pre-Cast Concrete.—An article on moulds 
for pre-cast concrete which appeared in Light Metals 
has been reprinted for Messrs. High Duty Alloys, Limited, 
Slough. The article deals, in particular, with aluminium- 
and magnesium-alloy moulds, and compares them with 
moulds made of other materials. 


Flexible Couplings.—Two leaflets issued by Dunlop 
Special Products, Limited (Engineering Components), 
Fort Dunlop, Birmingham, give particulars of the barrel 
type No. 2 flexible coupling, which is suitable for drives 
up to 0-31 h.p. per 100 r.p.m., and the disc type No. 1, 
for drives from 0-8 h.p. to 64 h.p. per 100 r.p.m. 


Water-Tube Boilers.—A substantial booklet has been 
issued by Messrs. Fraser and Fraser, Limited, Bromley- 
by-Bow, London, E.3, to describe the design of their 
patent water-tube boilers, which are arranged vertically 
or horizontally. There is also a chapter on some typical 
installations and another giving much useful information 
on the selection, use and maintenance of boilers. 


Lubrication of Machine Tools.—Messrs. C. C. Wakefield 
and Company, Limited, 46, Grosvenor-street, London, 
W.1, have published a useful booklet on the lubrication 
of machine tools. The underlying principles of bearing 
design, particularly in relation to the bearings of some well- 
known makes of machine tools, are described. There 
are also chapters on machine-tool hydraulic systems, the 
reclamation of lubricating oil, general machine-shop 
lubrication, and kindred matters. 


Polishing and Buffing Machines.—Messrs. Dowding 
and Doll, Limited, Greycoat-street, London, S.W.1, have 
sent us two catalogues dealing with semi-automatic and 
automatic polishing and buffing machines which are 
made by the Acme Manufacturing Company, 1645, 
Howard-street, Detroit 16, Michigan, U.S.A. Messrs. 
Dowding and Doll are sole selling agents in the United 
Kingdom for these machines, which are designed for the 
polishing and huffing of a wide variety of parts at high 
rates of production. 
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NOTES ON NEW BOOKS. 


Geology of the Northern Pennine Orefield. Vol. I. 
By Dr. K. C. Dunnam. Department of Scientific 
and Industrial Research ; Memoirs of the Geological 
Survey of Great Britain. H.M. Stationery Office, 
York House, Kingsway, London, W.C.2. [Price 
17s. 6d. net.] 


For many generations, the mining of lead ores has been 
one of the principal occupations of the scanty population 
in the fell and dale country extending southwards 
from the Tyne valley to the Craven district, here 
described as the Northern Pennine Orefield. With a 
total output of 3,000,000 tons of lead concentrates, it 
has been the most productive source of lead ore in the 
British Isles. Although its production of iron ore, at 
1,800,000 tons, is small in comparison with that of the 
hematite fields of West Cumberland and North Lanca- 
shire, or with the districts working lower-grade bedded 
ores, it has been sufficient to maintain an industry 
which, for 50 years during the Nineteenth Century, 
enjoyed a reputation for the high quality of its iron. 
The decline in lead and iron mining has been offset 
to some extent by the development of the non-metallic 
mineral resources of the district. Almost the whole 
world’s supply of witherite has come from this field, 
while substantial quantities of barytes and fluorspar 
have also been obtained, the outputs of each of these 
minerals exceeding half a million tons. The occurrence 
of all these minerals is referred to in Vols. II, [V, IX, 
XXV and XXVI of the Special Reports on the Mineral 
Resources of Great Britain, but the deposits were 
re-investigated, primarily for war purposes, during the 
years 1939-43 and a complete account of the northern 
half of the orefield is now presented in this 357-page 
memoir. The results of the geological investigation 
are presented in two main parts, the first five chapters 
giving a general account of the mineral deposits and 
their environment, while the next nine chapters are 
devoted to detailed descriptions of the individual 
mineral deposits, summarising the wealth of information 
which has been collected during the re-examination of 
the orefield. In the final chapter, an attempt is made 
to assess the future possibilities of the district. There 
is a three-page index of mines in addition to the general 
index, and each section has a copious list of references. 





Fuels and Lubricating Oils for Internal-Combustion 
Engines. By Dr. B. Puen, M.1.Mech.E., and 
J. M. A. Court, B.Se., A.R.I.C. Sir Isaac Pitman 
and Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 15s. net.] 

WHEN experienced teachers of technical subjects find 

such difficulty in obtaining suitable text-books covering 

their special fields that they are obliged to compile 
their own, the result is usually of a higher quality than 
when an author desires merely to express his own 
views on the method of teaching something that is 
already well known in its essentials or, it may be, to 
acquire personal merit. Dr. Pugh and Mr. Court 
begin well by expressing clearly, in their preface, 
what they have set out todo; namely, to deal concisely, 
but in a comparatively elementary manner, with fuels 
and lubricating oils for internal-combustion engines, 
and to do so at a moderate price, suited to the pockets 
of students. As they state, the subject is not adequately 
treated in text-books on either heat engines or chemistry. 
The promise of another work, “ to remedy some of the 
inevitable deficiencies of the present volume and to 
provide a wider treatment . . . for the more advanced 
student,” rather disarms criticism. The text is good 
so far as it goes, but the book could do with more liberal 
illustration, a bibliography, and a better index ; 
though the shortcomings of the index (which mentions 

Michell’s name only in connection with his viscometer, 

and Beauchamp Tower and Osborne Reynolds not at 

all) may merely reflect a somewhat excessive condensa- 
tion of the text. 


The Municipal Engineer. By L. B. Escrirt, A.M.I.C.E. 
George Allen and Unwin, Limited, Ruskin House, 
40, Museum-street, London, W.C.1. [Price 7s. 6d. 
net.] 


Tuts volume, the fifth in the publishers’ ‘‘ New Town 
and County Hall Series,” is the work of an experienced 
civil engineer who is also an experienced writer, and is 
addressed primarily to “ young municipal officers, 
junior engineers, pupils and those about to enter the 
profession,” as well as being “ intended to give the 
councillor an unbiased picture of that side of the 
engineers’ department which is not presented to him 
in his frequent contacts with the chief engineer.” 
It is not often that we quote so extensively from a 

reface; but it is not often that a preface specifies 
in such detail the purpose of a book and its claims are 
so completely borne out by the book itself. We would 
go farther than the author, and say that there is hardly 
any engineer, municipal or otherwise, who could 
read this excellent little work without profit. The 








May 6, 1949. 


publishers, in bringing it to the attention of the muni- 
cipal engineer, observe that “he may not agree with 
all that is said, but he is certain to be interested,”’ 
which is not an over-statement. Particularly does it 
apply to the chapters on “ Engineering Aptitude ” 
and “‘ Personnel and Administration of the Engineer's 
Department,” which offer at least as much food for 
constructive thought to the senior officers of such 
departments as to their subordinates. 





Report of the Conference on Pulverised Fuel, 1947.- 
The Institute of Fuel, 18, Devonshire-street, London, 
W.1. [Price 42s., the set of three volumes. ] 


THE first two of the three volumes of this report were 
issued in advance of the Conference on Pulverised Fuel, 
which was held at Harrogate from June 2 to June 6, 
1947, under the auspices of the Institute of Fuel. We sur- 
veyed some ofthe main points of discussion in an article 
on page 501 of our 163rd volume (1947). The third 
volume, issued subsequently, contains some additional 
papers, together with the statistics of pulverised-fuel 
consumption in Great Britain, prepared by the Ministry 
of Fuel and Power ; reports of the addresses given by 


the chairmen of the various sessions, and reports of 


the discussions, and an “ epilogue ”’ by Dr. P. O. Rosin. 
Together, the three volumes provide a reasonably 
compact summary of the state of the art at the time, 
which is not seriously affected by the lapse of time 
since the conference was held. It should be mentioned 
that the pages of the three volumes are numbered 
consecutively, the indexes—one of authors and speakers 
and the other a general index—are included in Vol. III. 


Finance of Oversea Trade. By W. W. Syrerr, 
F.R.Econ.S. Second edition. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 15s. net.] 


Mr. Syrett, it would seem, is not only experienced in 
the principles and practice of international trading, 
but is something of a student of human nature; “ my 
preface,” he declares, “ is written in the firm conviction 

that few students read the preface, anyway,” 
though “ critics may, and so will the author’s friends.”’ 
With which introduction, he explains precisely to what 
classes of reader his book is addressed, namely, those 
who want to understand the financial mechanism of 
foreign trade without having to operate it, and those 
who desire to equip themselves to practise it directly. 
It may be expected that an author who has so clearly 
formulated in his own mind what he seeks to do will 
pursue his aims with equal clarity of purpose; an 
expectation whi€h the book fulfils. It is based on a 
thesis which was awarded the Institute Prize of the 
Institute of Bankers, and appeared originally, in 1937, 
with the title, Practice and Finance of Foreign Trade. 
To many firms who, before the war, found their prin- 
cipal market at home, are obliged to develop an export 
trade, the book should be a valuable guide to a branch 
of commerce which appears almost daily to become 
more complicated. 





An Introduction to the Science of Artificial Lighting. 
By R. O. Ackertgy, M.I1.E.E., F.1-E.S. E. and 
F. N. Spon, Limited, 57, Haymarket, London, S.W.1. 
[Price 12s. 6d. net.] 

Tus little book, which can be easily read by the 
layman, is designed and illustrated to help all those 
concerned with lighting problems to understand the 
various factors contributing towards their solution, and 
to appraise the value of specialist advice. It draws 
attention to architectural features making for agreeable 
lighting under general or particular conditions in the 
office, factory, public building, the home, or in shops, 
and describes the effects of colour, and decoration. 
Certain technical terms are explained, and an outline 
is given of modern lighting practice and the technique 
used by the lighting specialist. The author shows that 
there is no general solution and that each case must be 
considered by itself, a point brought out by a series of 
well-captioned photographic illustrations. These, per- 
haps more than anything else, serve to show the value 
of specialist experience and the improvement in working 
conditions obtainable by a lighting layout designed for 
the job. Though not written for the specialist, the 
book will be a useful guide to those concerned with 
lighting schemes in new buildings, or who wish to 
improve the lighting in old establishments. An index is 
given and the paragraphs are numbered for easy 
reference. 





ANNUAL REPORT OF THE INSTITUTION OF ELECTRICAL 
ENGINEERS.—-—Copies of the annual report of the Insti- 
tution of Electrical Engineers for the year ending Decem- 
ber 31, 1948, which is to be presented at the annual 
general meeting on Thursday, May 12, can now be 
obtained by members on application to the secretary. 
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THE JET-CHAIN 
COMMUTATOR. 


By Jut. Hartmann and L. Léasteup JEnsEn.* 


A PAPER read by one of the authors before Section 
G of the British Association in 1931+ described a new 
method of generating and transforming direct 
current, which embodied what was called “ spark- 
neglecting’? commutation. In this method com- 
mutation was controlled by cutting a mercury jet 
with a suitable knife, thus producing a gap between 
the two sides of which the spark occurred. In 
other words, the spark was formed between 
mercury electrodes which were renewed in suc- 
cessive commutations. The power which could 
be commutated was not limited by the sparking, 
and the effect of the latter could be ignored. The 
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majority of the commutators designed according 
to this principle are used for the transformation 
of an alternating current into a direct-current 
voltage, or viee versa. The severance of the 
jet must be synchronised with a definite alternating- 
current voltage, and the commutators are classified 
as self-synchronising or non-self-synchronising accor- 
ding to the way this synchronisation is effected. 
The so-called jet-wave commutator is representative 
of the former class and the jet-chain commutator, 
which is described below, of the latter. 

A diagram of the jet-chain commutator is given 
in Fig. 1. As will be seen, it consists of two vertical 
jet-pipes a, and a, from the nozzles of which issue 
two mercury jets 6, and 6, and to strike two 
electrodes, c, and c,. These electrodes are con- 
nected to the terminals, d, and d,, of the secondary 
winding of the transformer e from which the alter- 
nating current is supplied. The centre, f, of this 
winding forms one of the direct-current (in the case 
shown the negative) terminals of the commutator, 
while the other consists of the jet-pipes, which are 
interconnected electrically at g. A synchronous 
motor, h, is arranged between the jet pipes and, 
being supplied from the same source of power as 
the transformer, makes one revolution per cycle of 
the alternating-current voltage. An insulated arm 
is attached to the spindle of this motor and carries a 
knife, i, which successively severs the jets, b, and 
b,, as it revolves. The result is that at any moment 
only one of the jet pipes is connected to its associated 





* Laboratory of Technical Physics, Technical Univer- 
sity of Denmark. 
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? See ENGINEERING, vol. 132, page 654, ef seg. (1981). 


electrode. Actually, the jet, b,, is severed at the 
moment when d, ceases to be the positive terminal 
of the winding k, and jet b, half a cycle later when 
d, has ceased to be the positive terminal of the 
winding k,. The distances at which the electrodes 
c, and ¢, are placed below the knife are such that 
the connection between a, and c, is made at the 
moment when d, begins to be the positive terminal 
of the winding k,, while the connection between 
a, and c, is made half a cycle later. The two 
distances are obviously 


A oT 


2 2 
where v is the velocity of the jet and T the period 
of the alternating-current voltage. Actually, how- 
ever, they are somewhat smaller than this, owing to 
the fact that the gap created by the knife increases 
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gradually. The result is that the electrode must 
be raised correspondingly. If the electromotive 
forces of each of the half windings k, and k, are 


éq = E, sin wit 
where E, is the peak voltage, the result of the com- 


mutation will be a rectified voltage of the type shown 
in Fig. 2, the mean value of which is 


2 
Ea = > ae 


In combination with its transformer the com- 
mutator therefore constitutes what may be called 
a two-phase rectifier. As, however, such a rectifier 
is unsuitable for supplying motors or for electrolytic 
purposes, owing to the voltage fluctuation, multi- 
phase, particularly six-phase, rectifiers are generally 
employed. Only two types of these will be consi- 
dered here, the six-phase series rectifier, shown in 
Fig. 3, and the six-phase parallel rectifier, shown in 
Fig. 4. These are distinguished by the fact that, 








while in both cases a commutator, or two-phase 
rectifier, is connected to each of the three secondary 
windings of a three-phase transformer, the direct- 
current outputs of the three rectifiers are in one 
case connected in series and in the other in parallel. 
In the latter case, suitable low-resistance reactors 
or choking coils, a,, a3, a, must be connected in 
series with each rectifier in order to suppress the 
short-circuit current which would otherwise be 
generated by the difference in voltage between the 
three components. The form of the voltage differ- 
ence between the terminals of the two six-phase 
rectifiers, however, is the same. In the case of the 
series rectifier, the voltage difference is the sum of 
the voltages of the three component rectifiers at 
any moment, while in the case of the parallel 
rectifier it is the average of these voltages. Owing 
to the phase displacement between the voltages 
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of the three rectifiers the output voltage of the six- 
phase combination will have six ripples per cycle ; 
and its fluctuations will therefore be so small that 
in most cases they can be neglected. The quanti- 
tative voltage relationships of the two types of six- 
phase rectifier are shown in Fig. 5. The curve ¢, 
shows one of the half-phase voltages which is given 
by the expression 
eg = E, sin wt = Ey Visinwt. 

In addit'on, the voltages of the series and parallel 
rectifiers are shown in the curves marked e, and e,, 
respectively. The average voltages in the two cases 
are 2-7 E, and 0-9 E,, the maximum and minimum 
voltages being 4-7 per cent. above and 9-4 per 
cent. below these average values. 

In the actual six-phase rectifiers the commutators 
are not generally placed side by side, as shown in 
Figs. 3 and 4, but are arranged as shown in Fig. 6. 
In this diagram the jets a, b, c, d, e and f are viewed 
from above and, as will be seen, lie at the same 
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distance from the axis of rotation of the knife i, 
so that they are cut in turn by the latter as it 
rotates. The jets of the three commutators in 
Figs. 3 and 4 are, of course, displaced relatively 
in the same way as are the phases of the voltages 
that are to be rectified, as indicated at a,, b,, c,, d;, 
e, and f, in Fig. 7. This diagram, in which the 
voltage vectors should be regarded as rotating with 
the cyclic frequency w, shows which jets are con- 
nected to the corresponding electrodes at any 
moment. In Fig. 7, they are the jets which lie 
above the line ab: those indicated by the black 
circles in Fig. 6. Moreover, the resultant rectified 
voltage at any moment is the sum of the projections 
of the voltage vectors above the line ab on the 
line Oc. The position of the cut in the commutator 
jets at any moment may also be ascertained from 
Fig. 7 by remembering that it is travelling away 
from the plane of the knife towards the electrode 
during half a voltage cycle. 

The construction of a six-phase jet-chain rectifier 
is shown in Figs. 8 and 9, from which it will be seen 
that the commutators are housed in a cylindrical 
steel chamber, a. This chamber is carried on three 
hollow steel pillars, b, which are bolted to the base, c. 
The frame, d, which carries the centrifugal mercury 
pump, é, and its motor, f, is also bolted to the base. 
After the mercury has been used in the jets it flows 
back to the pump through the pipe, g. It is forced 
by the pump through the pipe, A, to the six branch 
distribution pieces, i, and is thence distributed to 
the six drop separators, k. These separators consist 
of cylindrical boxes with perforated bases through 
which the mercury is forced in the form of fine jets. 
These jets, however, soon split up into drops which 
fall into the reservoirs, 1. The drop separator boxes 
are further separated from these reservoirs by 
means of annular Mycalex insulators. In this way 
the connections between the pump and the reser- 
voirs are broken without interruption of the flow of 
mercury. The mercury flows from the reservoirs 
through the pipes n, the lower ends of which are 
furnished with conical nozzles, to the jets. Each 
of the jet pipes is supported on a Mycalex disc, 
which is bolted to the top of the commutator cham- 
ber. A supplementary reservoir, 0, is connected 
to each main reservoir and contains a steel float, 
the stem of which projects vertically through 
the top plate. When the rectifier is started up, 
the mercury rises in both the main and the auxiliary 
reservoirs, its level being indicated by the positions 
of the stems in the latter. It is not until all the 
stems are in their uppermost positions that the 
rectifier is ready for connection to the power trans- 
former. These stems are also suitable for use 
as part of an automatic starting system. The 
velocity of the jets must be kept constant during 
operation ; and this is achieved by maintaining the 
level of the mercury constant in the reservoirs by 
means of the overflow pipes p, through which from 
10 to 20 per cent. of the mercury in circulation is 
allowed to pass. These overflow pipes are carried 
through the top plate of the commutation chamber, 
from which they are insulated by the Mycalex 
insulators, m, in Fig. 9. Inside the chamber the 
ends of these pipes are fitted with drop separators to 
break up the mercury flow and thus prevent elec- 
trical connection being established between the 
reservoirs and the chamber. A small disc may be 
pressed against the nozzle by a spring, so that it 
acts as a lock while the reservoirs are being filled. 
All six locks are coupled together by a system of 
levers operated from outside the rectifier. 

The hydrodynamic circuit of the rectifier, includ- 
ing the chamber, is totally enclosed, any spaces 
which are not occupied by the mercury being filled 
with hydrogen at an excess-pressure of from 5 to 
10 cm. water gauge. All the hydrogen-filled spaces 
are interconnected. For instance, the drop separa- 
tor boxes are connected to the chamber through the 
pipe q, in Fig. 8, and to the hydrogen-filled spaces 
above the mercury in the main reservoir by short 
tubes which are carried through the perforated 
bases and the layers of mercury just above them. 
The whole system is connected to a receiver con- 
taining a bell floating in oil by a branch from the 
pipe g; the branch is not shown in Fig. 8. This 
arrangement ensures that the pressure of the 
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sudden changes caused at starting, shutting down 
or by large variations in load are smoothed out. 

As regards the commutator proper, conical steel 
electrodes, two of which are shown at r in Fig. 8, 
are arranged co-axially with each jet. These elec- 
trodes are fixed about 25 cm. above the bottom of 
the chamber, so that short-circuits between these 
two parts will not be caused by mercury falling 
from the cones. Each electrode is supported by an 
annular Mycalex insulator s, which, in turn, is 
carried by a steel tube resting on the bottom of the 
chamber. A copper bolt, which is screwed into the 
base of the conical electrode, protrudes through the 
chamber and is centred by another Mycalex insula- 
tor t. This insulator is pressed against the bottom 
of the chamber by a spring, which can be tightened 
by a nut and locked. Annular packings for sealing 
purposes are inserted between the insulators s and 
the adjacent steel members. The spring ensures 
that the pressure on the packing is maintained con- 
stant, in spite of the difference in the thermal 
expansion of the copper bolt and the surrounding 
steel tube. The same packing material, which con- 
sists essentially of an asbestos sheet 1 mm. thick 
containing a certain amount of rubber to act as a 
binder, is used also at the other plane joints. 

The three-phase synchronous motor, u, for driving 
the knife is mounted above the chamber on three 
tubular steel columns. It is of the flange type, with 
an output of 2 brake horse-power at 380 volts, and 
is arranged so that the coupling between it and the 





hydrogen is maintained constant and that any 





shaft is accessible. Below the coupling is a sleeve 


| motor shaft. 
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joint, so that the lower part of the shaft, and with 
it the knife, can be raised or lowered without open- 
ing the chamber. The knife can also be given an 
angular displacement by loosening the flange on the 
Below the top plate the shaft carries 
a Mycalex disc, which is clamped between two 
flanges and serves to insulate the knife. A steel 


| ring is clamped to the periphery of this disc, to the 


opposite sides of which the knife holder, v, and the 
counterweight, w, are fixed. 

The chamber is closed by a door, z, in which there 
are two 60 by 60 mm. mica windows to enable the 
commutation to be inspected. The inner sides of 
these windows are protected by steel plates to 
prevent their being damaged by the drops of mercury 
produced in cutting the jets. At the back of the 
chamber are two other doors, y, in each of which 
there are two 100 by 100 mm. windows. These are 
also protected by steel plates and serve as safety 
panels should an explosion occur as the result of 
carelessness while filling the chamber with hydrogen. 

Fig. 10 is a reproduction of a photograph of a 
600-kW rectifier of the type described. It is 
erected in the laboratory of the Hartmann Rectifier 
Company, at Gentofte, near Copenhagen, where 
testing can be carried out at outputs up to 1,000 kW. 
A jet-wave rectifier of the same capacity is visible 
in the background of the illustration with the 
common switchboard between them. The direct- 
current output voltage of each rectifier is 1,200. 

The method by which commutation is effected 
in the jet-chain commutator may be explained by 
reference to Figs. 11 to 13, opposite. At the instant 
shown in these diagrams the jet, a, is carrying the 
current, but the latter is about to be transferred to 
jet, 6. The commutator is set so that the front, c, of 
jet, b, will reach the electrode, d, a-per cent. of a 
half cycle before the voltage half wave begins to 
move in the same direction as the rectified current 
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Fig. 12. 
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through b. This instant is indicated by t, in Fig. 12. 
The jet, a, however, stiil remains in contact with the 
electrode e for an interval +, during which the trans- 
former is short-circuited by the two jets. This 
metallic short-circuiting is essential, since if jet a 
were to be’ severed before the front of jet b had 
reached electrode d the direct-current circuit would 
be interrupted. Such interruption would generally 
give rise to a heavy spark or are across the gap 
formed in jet a and a correspondingly large increase 
in the spark loss of the commutator. The interval 
7, during which the metallic short-circuit lasts 
concludes at the moment, ¢,, in Fig. 12, when the jet 
a is severed by the knife f. Half a cycle later 
contact between 6 and d is interrupted in the same 
way at the instant ¢,. Contact between 6 and d 
has thus lasted for half a cycle plus the overlapping 
interval, 7,. The same obviously holds good for 
the contact between a and e. The intervals during 
which the two jets a and b are in contact with their 
respective electrodes are indicated graphically in 
Fig. 13, being ¢,-t, and ¢,-t,. The intervals during 
which the jets are not metallically connected 
to the electrodes are #,-t, and ¢,-t,. The length of 
each of these intervals is one half cylce less than the 
time during which there is metallic short-circuiting. 

In the ordinary jet-chain commutator means are 
provided for raising or lowering the plane in which 
the knife rotates. If the knife is raised the time 
taken for the front of the jet to reach the electrode 
will be increased and the instant of arrival, ¢,, 
will be retarded. Points ¢,, ¢, and ¢, in Fig. 12 will 
therefore be displaced to the right. The instants 
t,, t, and t,, or what is the same thing the commu- 
tation constant «, can therefore be adjusted by 
altering the vertical position of the knife f, on the 
shaft. The instants ¢,, ¢, and ¢ are, however, 
unaltered so long as the knife is not displaced angu- 
larly relative to the rotating field of the synchronous 
motor, i.e., the interval during which metallic short- 
circuiting occurs is changed by the same amount 
as the commutation constant «. 
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The timing in the normal jet-chain commutator, 
however, can also be varied electrically by a phase- 
shifting transformer, which alters the phase angle 
between the rotating field of the synchronous motor 
operating the knife and the vectors of the voltages 
which are to be rectified. The effect of this altera- 
tion is, of course, the same as that of an angular 
displacement of the knife relative to the shaft or 
to the rotating field of the synchronous motor. If 
severance is retarded in this way with respect to the 
voltage wave the points ¢,, t, and ¢, are displaced to 
the right in Fig. 12. The points ¢,, ¢, and f, are also 
displaced by the same amount in the same direction. 
The interval +7,, during which metallic short- 
circuiting occurs is therefore unaltered, provided no 
change is made in the level of the plane of rotation. 

The commutation spark originates in the electro- 
kinetic energy, which is stored in the stray 
field of the transformer at the moment when the jet 
is severed by the knife. The effect of this stray field 
is very similar to that of two inductances arranged 
as shown at k in Fig. 11. The relationship which 
determines the intensity of the spark can be esti- 
mated by considering Fig. 14, in which the straight 
line, 2 e,, represents the secondary voltage of the 
transformer, e, in Fig. 11. The current flowing in 
the jet a in Fig. 11, is denoted in Fig. 14 by i,, 
and that in the jet b by é,. Until the moment ¢, 
when metallic short-circuiting occurs, the value 
of i, is equal to that of the rectified current I, 
and this value may be assumed to be maintained 
constant by the self-induction of the direct-current 
circuit. During the metallic short-circuiting period 
7,, a short-circuit current will be induced in the 
transformer and will flow through the jets. In 
Fig. 14 this current appears as an upward bend in 
the curve i,, and as a symmetrical downward bend 
in curve #,. The normal commutation spark is 
formed at the point ¢,, which marks the end of the 
metallic short-circuiting period and lasts for a period 
7, the sparking period, during which the current 7, 
falls to zero and current 7, increases until it is equal 
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in value to that of the rectified current Ij. This 
rectified current remains constant during the whole 
process of commutation and is equal to the sum 
+, + ig, as shown in Fig. 14. In the same diagram 
the voltage drop across the spark gap is represented 
by the curve e,. As will be seen it is constant during 
the greater part of the sparking period and only 
rises towards the close. It has a constant value of 
about 30 volts. The energy which is transformed 
into heat in the spark is given by 


(9s08..) 


rts 
As = i, &s dt watt-seconds 
vty 
or, if the frequency of the alternating current is f 
cycles per second, and the number of jets in the 
rectifier is n, the spark loss is 


A Ws = nf Ag watts. 


The power of the spark depend§ upon the com- 
mutation constants. If the commutation constant 
a, is increased and the metallic short-circuiting 
period 7,is kept constant, the power of the spark 
will increase rapidly with «, since the short-circuiting 
current 4, and therefore the electro-kinetic energy 
stored up in the stray field & in Fig. 11 will increase 
owing to the electromotive force 2e, in Fig. 14, being, 
on an average, higher during the short-circuit period. 

To ensure economic commutation «, should there- 
fore be reduced as much as possible, or even made 
negative. In the latter case, the electromotive 
force, 2 ¢,, will tend to reduce the electro-kinetic 
energy, part of the latter being returned to the 
source of energy, that is, the power plant, with the 
result that there will be a corresponding reduction 
in the spark loss. There is, however, a limit to the 
reduction of «,. If a, or a, in Fig. 14 are reduced 
below a certain limit, commutation becomes un- 
stable. That is, after,the normal spark has been 
quenched a new discharge will occur in the opposite 
direction ; and this discharge, under the influence of 
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an increasing voltage in the same direction, will 
develop into a short-circuiting are which will gener- 
ally put the rectifier out of operation; but no 
damage will occur. Nevertheless, the commutator 
must be adjusted so that a, and a, are well outside 
the corresponding limits of stability. An extremely 
valuable characteristic of the jet-chain commutator 
is that commutation can be effected very close to 
the limit of stability, owing to the small uncertainty 
in the constants a, and a, which does not normally 
amount to more than 0-6 per cent. of half cycle at 
no load and even less at full load. This figure is 
only about a third that of a comparable jet-wave 
rectifier. The stability limit of a commutator, 
according to the principle of ‘‘ spark-neglecting com- 
mutation ” is particularly sharp, with the result that 
the rectifier can be operated quite close to the limit, 
so that the spark losses are low and the efficiency 
correspondingly high. 

The efficiency and voltage regulation of a 600-kW 
six-phase series jet chain rectifier with a direct- 
current voltage of 1,200 are shown in Fig. 15, page 
435, in which curves a, b and ¢ are the efficiencies of 
the transformer, rectifier and complete plant, respec- 
tively, and curve d indicates the percentage voltage 
regulation. Curve c is derived from an analysis of 
the losses. These can be divided into those which 
are constant, including the pump and severance 
losses, and those which vary with the load. In a 
series rectifier, such as that to which the curves in 
Fig. 15 apply, the variable losses are those due to 
resistance and the spark, while in the case of a 
parallel rectifier there is, in addition, the reactor logs 
These losses were calculated as a result of the 
experience gained in constructing and testing the 
plant. In caleulating the pump losses it was 
assumed that the rectifier was operated with six 
jets 6-0 mm. in diameter flowing at a velocity of 
510 cm. per second. The flow through the over- 
flows was maintained at 20 per cent. of that through 
the jets. From these figures it was found that the 
flow of mercury amounted to 14 kg. per second and 
that it had to be raised through a height of 4-0 m. 
by the pump. Of this 4-0 m., however, only 2-6 m. 
was the actual delivery head, 0-4 m. being expended 
in friction losses in the pressure pipe and 1 m. being 
required to force the mercury into the reservoirs. 
The useful work required from the pump was 
therefore 550 watts and as its efficiency, combined 
with that of the motor, was 35 per cent. the input 
to the stator of the latter was 1,570 watts. The 
rotor of the motor consumed direct-current of 
2-5 amperes at 40 volts which was, however, 
supplied from a 100-volt source through a resistance, 
in order that the current should be independent of 
the temperature of the rotor winding. The current 
was assumed to be supplied by a metal rectifier, the 
efficiency of which, including the transformer, was 
taken as 60 per cent. The rotor loss was therefore 
420 watts and the aggregate pump loss 2,000 watts. 
The power required for operating the synchronous 
motor was determined in the same way and was 
found to be 800 watts. 

The resistance loss in a single commutator is that 
due to the resistance between the outer terminal 
on the connecting bolt of one of the electrodes and 
the terminal on the jet pipe through which the 
rectified current tapped off. In addition, there 
are eddy-current losses, particularly in the steel 
tubes supporting the electrode connecting bolts and 
in the base material through which the bolts pass. 
Fig. 16, page 435, shows the results of resistance 
measurements on a commutator of the type that 
has been considered, in which curve a represents 
the total resistance and curve 6 the resistance of the 
jet, the latter being calculated from its length and 
diameter. It will be seen that the total resistance 
varies considerably with the load and decreases as 
the latter increases. The contact resistance there- 
fore plays an important part, particularly at low 
load. It was found that the total constant resistance 
was about 4-5 milliohms, the remainder of the total 
being due to contact resistances. It would obvi- 
ously be an advantage if the contact resistances 
could be eliminated and the metallic resistances out- 
side the jet reduced. The total losses of a six-phase 
rectifier were found from those of a single com- 
mutator by the formula 
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where I, = Ig is the rectified current in the case 
of the series rectifier. In the case of the parallel 
‘rectifier the current through each commutator 
is the resultant of 4 Ig (the rectifier current) and the 
magnetising current I, of the reactor. That is 
I. = V (pla) + Ti. 

In connection with the discussion here indicated 
the variable losses were calculated for three represen- 
tative rectifiers. The results are given in Table I. 
In the last plant considered the three ironless 
reactors are assumed to have an inductance of 
1 millihenry and a resistance of 2 milliohms. At 
no load Iz = 0 and IL, = 153 amperes, while at full 
load Iz = 1,612 amperes and I, = 143 amperes. 
The spark losses are calculated from the curves 
reproduced in Fig. 17, page 435. The results shown 
in curve a were obtained by measuring the losses in 
various jet-wave rectifier plants directly by a watt- 
meter. It will be noted that they are practically 
independent of the voltage. Curve 6 is for a 300-kW 
600-volt jet-chain rectifier and it will be seen that it 
is of the same type as that for a jet-wave rectifier, 
although the losses are less, owing presumably to 
greater certainty of commutation. A comparison 
of the percentage spark losses in the three plants 
already dealt with shows that they are about the 
same in the two 300-kW units and are about half that 
value in the 600-kW set. This is, of course, entirely 
due to the fact that the absolute spark loss at a 
given current is independent of the voltage. The 
percentage resistance loss in the 600-kW series 
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Comparing the two commutators in detail it 
must be remembered that the jet-wave commutator 
is a self-synchronising device in which the coupling 
between the voltage to be commutated and the 
motion effecting commutation is rigid. The jet- 
chain commutator, on the other hand, is a non-self. 
synchronising commutator in which the coupling is 
effected by a synchronous motor. At first sight 
this difference may seem to favour the jet-wave 
commutator. Actually, however, it is of no great 
practical importance ; and is more than compen- 
sated by the other advantages of the jet-chain 
rectifier. For instance, in spite of the fact that the 
jet-chain commutator has two jets, instead of one, 
per commutator it is the simpler machine. There 
is no heavy electromagnet, such as is used in the 
jet-wave commutator to produce the wave. Instead 
it has a synchronous motor, which is more robust 
and easier to insulate thermally from the commu- 
tation chamber than are the magnets. Higher 
temperatures can therefore be used in the chamber, 
which is a practical advantage. The absence of 
auxiliary electrodes in the jet-chain rectifier is « 
still greater advantage, while yet another is the high 
velocity of the knife relative to the jet that is being 
severed. As has been mentioned, this velocity is 
several times that used in a jet-wave commutator 
of the same capacity, the result being that the 
stability of commutation is greatly increased. 
The need for such a high velocity in the jet-chain 
commutator, however, actually hampered its con- 
struction for a time, owing to the fact that it was 
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Type. | poten | 0. | 50, | 100. | 200. | 300. | 400. | 500. | 
| kW 0-75 0-77 0-92 | 1-67 2-53 3-41 4-30 5-22 
300kW | AW, | Percent. | 12-50 2-14 1-39 | 1-84 1-37 1-40 1-43 1-50 
600 volt, — 
Series | AWz | | kW 0-00 | O-l1 0-34 | 1-01 | 1-92 3-12 4-65 6-37 
| Per cent. | 0-00 0-31 0-52 | 0-80 | 1-04 1-28 1-55 1-83 
AW, |_ kW | 0-75 0-77 0-92 | 1-67 2-53 3-41 4-30 5-22 
600 kW Per cent. | 9-00 1-13 0-72 0-69 | 0-70 0-71 0-84 0-95 
1,200 volt, ~ _ 
Series AW, kw | 0-00 0-11 0-34 1-01 | 1-92 3-12 4-65 6-37 
Per cent. | 0-00 | 0-16 0-27 | 0-41 | 0-53 0-65 0-79 | 0-90 
| 1 | 
Direct Current, 9 ‘ ne 
| aagorn. | 153 | 160 | 181 | 250. | 334, | 425. | 520. | 615 
_ AW, kW 0-75 0-77 0-92 1-67 2-53 | 3-41 4-30 5-22 
300kW | Per cent. | 10-60 | 2-09 1-38 | 1-32 1-37 1-40 1-41 1-46 
200 voit. | —-— — ———- ~-—-—- 
Parallel | AW, |_ kW 0-65 0-70 0-85 | 1-43 2-28 3-53 5-05 6-72 
Per cent. | 9-20 1-89 | 2-27 | 1:18 | 1-23 | 1-45 1-65 1-88 
} om _ —_ _ _ 
| AW, kw | soOO-14 0-15 0-20 0-38 0-67 | 1-09 | 1-63 2-28 
| Per cent. | 2-00 0-41 0-30 0-30 0-36 | 0-45 | 0-54 | 0-64 
| 














rectifier is also half that in the 300-kW series rectifier. 
It is not, however, the same in the two 300-kW 
rectifiers, as in the parallel rectifier the current I, is 
superimposed on the rectified current 41, in the 
resistances. The efficiency of the power trans- 
former is based on the assumption that the losses 
at three-quarter load are 2 per cent. and that at this 
load the iron and copper losses are equal. 

The jet-chain commutator is the second of the 
possible methods of utilising “‘spark-neglecting 
commutation,” which has been developed. The 
first was the jet-wave rectifier,* the development 
of which may be said to have been completed in 
1941 with the construction of a unit having a capa- 
city of 200 kW per commutator at a direct-current 
voltage of 400, although success with 300-kW units 
at 600 volts per commutator could be predicted. 
The latest large jet-wave commutators were tested 
in 300-kW rectifiers at 600 volts and in 600-kW 
rectifiers at 1,200 volts. The units had efficiencies 
comparable with those of jet-chain rectifiers of the 
same capacity and voltage and their development 
was recorded in a more recent monograph.t After 
the development of the jet-wave commutator had 
been completed, the study of the jet-chain commu- 
tator and rectifier was initiated and was, in turn, 
completed in the autumn of 1945. 





* See ENGINEERING, vol. 124, page 338, e¢ seq (1927), 
and vol. 132, page 654, ef seg. (1931), also Jul. Hartmann. 
The Jet-Wave Rectifier, Copenhagen. Ingeniorviden- 
skabelige Skrifter A. No. 24, 1931. 

+ Jul. Hartmann and L. Légstrup Jensen. The Large 
Capacity Jet-Wave Commutator. Academy of Technical 
Sciences, Copenhagen. 1944 and 1946. 











difficult to find a material which would withstand 
the erosion caused by the impact between the 
knife and the jet for a sufficiently long period. 
The difficulty, however, has been completely over- 
come. 

When research on the jet-chain commutator and 
its associated rectifiers was started it was only 
regarded as a method of producing low direct- 
current voltages, such as those used in the electro- 
chemical industry. It is better suited for this 
purpose than the jet-wave rectifier, owing to its 
lower resistance. It was discovered, however, that 
the commutator could be employed over the same 
range of voltages as the jet-wave commutator, 
with probably even better results. It is possible, 
therefore, that the jet-chain commutator will entirely 
supersede the jet-wave rectifier. The time spent 
on the development of the latter, however, has not 
been wasted, as the experience gained has formed 
the basis for the development of the jet-chain 
commutator and rectifier. 





EXTENSIONS AT SCUNTHORPE STEELWORKS.—Large- 
scale developments are taking place at the Scunthorpe 
Steelworks, Lincolnshire, of Messrs. John Lysaght’s 
Scunthorpe Works, Limited. The development provides 
for an increase of 50 per cent. in the production of steel 
ingots and will bring the total steel output of the works 
to over 500,000 tons a year. Part of the scheme con- 
sists in the installation of a new slabbing and blooming 
rolling mill and a continuous billet and bar mill. The 
installation of the rolling mills is making good progress, 
and they should be in production in the course of the 
next twelve months. The extensions include also further 
coke-oven and blast-furnace plant. 
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Fie. 33. Merat-Decreasinc PLant; MEssrs. 


InpUsTRIES, LoreD. 


THE BRITISH INDUSTRIES 
FAIR AT BIRMINGHAM—III. 


THE metals, general chemicals and plastics divi- 
sions of «Imperial Chemical Industries, Limited, 
Nobel House, 2, Buckingham-gate, London, S.W.1, 
are exhibiting at Castle Bromwich, where the 
British Industries Fair closes to-day. The general 
chemicals division are showing a totally-enclosed 
continuous metal-degreasing plant, which is illus- 
trated in Fig. 33, on this page. It has been de- 
signed to remove oil, grease and solids, such as 
swarf or polishing compound, from small parts of 
intricate shapes, with blind holes, threads and 
similar crevices, before finishing processes, such as 
plating, enamelling and lacquering are carried out. 
Trichlorethylene is the cleaning fluid and is heated 
by gas. It boils at 87 deg. C., and the parts are 
normally passed first through the boiling liquid and 
then through the vapour. The parts can be placed in 
the open baskets shown in the foreground of Fig. 33, 
or in enclosed cylindrical baskets (shown to the left 
of the open baskets) ; in the latter case, the baskets 
and enclosed parts are “‘runibled,” as they pass 
through the plant, to ensure that all trichlor- 
ethylene is drained. The baskets are hooked to a 
conveyor system inside the plant, and as each 
basket returns to a position opposite the loading 
door, the door interlock is released, the operator 
opens it, exchanges the loaded basket for a fresh 
one (while the conveyor is automatically stopped), 
and closes the door, when the conveyor restarts 
automatically. The output of the plant is about 
50 baskets per hour. The vapour rises in the plant, 
and, on reaching a certain height, is liquefied by 
cold-water pipes. A motor-driven extraction fan 
is provided at the top of the plant. 

Messrs. Hordern, Mason and Edwards, Limited, 
Vulcan Works, Pype Hayes, Birmingham, 24, are 
showing five of their range of power presses, one 
of which is the type L40 press, illustrated in 
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Fic. 34. Srrm-Feep Press; Messrs. HorpERN, Mason aNnD 
Epwarps, Liwrep. 


Fig. 34, on this page. The machine is suitable for| industry. These include a 36-ton press brake and 


the production of pressings from coiled strip material, 
but is fitted with a patent feeding mechanism, 
which enables short strips of metal to be used with 
economy in time and material. The machine exerts 
a pressing force of 40 tons near the bottom of its 
stroke, and the stroke is variable from } in. to 
4in. The maximum width of strip admitted by 
the feeding rolls is 6 in., and the travel of the strip 
through the rolls is adjustable up to 6 in. The 
number of strokes per minute is 51. The strip- 
feeding mechanism has been designed to prevent 
half or part blanks being cut, when feeding short 
lengths. The strips, which must be cut to a pre- 
determined length prior to pressing, are placed on a 
support at the left-hand side of the machine and the 
press is set running continuously. The operator 
depresses the pedal on the left-hand side of the 
machine, thereby causing the upper roller of the left- 
hand pair of feeding rollers to open upwards. 
Simultaneously, a gauge is caused to close vertically 
on to a small platform, which is virtually an exten- 
sion of the press tools being vsed. The operator 
now inserts the first strip through the left-hand 
rolls and up to the gauge. On releasing the pedal 
the rolls close, the gauge is withdrawn from the 
front edge of the metal, and the strip is fed forward 
in the usual manner. When the operator observes 
that the strip is about to pass the point where the 
gauge descends, he again depresses the pedal and 
inserts the next strip as before. This time, however, 
the gauge, which is spring-loaded, presses down the 
end of the first strip so that the incoming strip is 
fed up to the gauge over it. Meanwhile, the first 
strip is being fed by the right-hand rollers; thus 
the strips follow each other with a space between 
each pair, whereas on a conventional roll-feed 
machine a blank would be cut. 

Messrs. F. J. Edwards, Limited, Euston-road, 
London, N.W.1, are showing a varied selection of 
tools and machines for the sheet-metal working 





a multiple-turret punch. The press brake, which is 
illustrated in Fig. 35, on page 438, has been designed 
to form all kinds of bends, folds and similar 
operations on long sections of sheet metal. It is 
available in three different sizes, the length of bed 
being 48 in., 60 in. and 72 in., respectively; the 
machine illustrated has a 72-in. bed. The frame 
is of composite welded and bolted construction, 
but is designed so that no loads are taken by 
the welded joints. The side frames are cut from 
solid rolled-steel plates and are open-ended, so that 
sheets of unlimited length can be accommodated, 
while the space between the frames is left clear to 
enable sheets to be passed through the machine. 
This space varies, of course, with the size of machine, 
but on that illustrated the width between the side 
frames is 61 in. The top bending beam moves 
in bronze-lined V-slides, which are provided with 
adjustment for taking up the wear. The height 
of the bed can be adjusted from either end by 
a worm and wheel mechanism operated by a 
crank handle, but the bed is locked when the 
machine is in operation. A clutch is provided in 
the adjusting shaft so as to ensure correct alignment 
of the bed and bending beam ; the clutch also allows 
the bed to be set at a slight angle to the beam. 
The machine is driven by a 4-h.p. electric motor 
through a series of V-belts arranged to drive the 
main flywheel. The flywheel, in turn, drives the 
main crankshaft through reduction gearing. Double- 
helical gearwheels are employed and the primary 
train of gears is arranged to run in an oil bath. 
The clutch, which is of the multi dry-plate type, is 
operated by the treadle located across the front of 
the press, an automatic brake being provided to 
ensure that the beam stops immediately the treadle 
is released. 

The turret-type multiple punch illustrated in Fig. 
36, on page 438, is shown on the same stand. It 
has been designed to give selective punching for 
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sheet metal without having to change the tools, 
the machine being divided into two horizontal 
turrets, the upper of which is fitted with 12 punches 
and the lower with 12 corresponding dies. The 
turrets rotate in unison, the required punch and 
die being moved under the ram, which is grooved 
to receive the top of the punch. The diameter 
of each punch is marked clearly on the rim of the 
top turret and change of stations is effected in a 
matter of seconds. The machine is supplied com- 
plete with 12 punches and corresponding dies, the 
diameters of which range from } in. to } in. by 
increments of 4 in.; a }-in. diameter punch, 
however, is not fitted. The turrets have a diameter 
of 8} in., while the distance between stations is 
1g in. The hand lever is 22} in. in length, but the 
length is adjustable for working on materials of 
different thicknesses. The machine has a depth of 
15 in. and a height of 16 in., and, as will be seen from 
the illustration, it is designed for bolting to a 
bench. The capacity varies according to the 
punch in use, but with a #-in. diameter punch, 
the machine will punch a hole in mild-steel plate 
% in. in thickness. 

Messrs. George Cohen, Sons and Company, 
Limited, Wood-lane, London, W.12, are showing 
a large number of machines which are made and 
marketed by various members of the ‘600” 
Group of Companies. Two recently-introduced 
designs are described below, but mention may 
also be made of the Browett-Coborn B23 3-h.p. 
air-cooled petrol engine, the Metalclad 12-in. 
planing, jointing, rebating and moulding machine, 
and a 12-ton hand-operated hydraulic moulding 
press which is suitable for laboratory use. These 
machines have also been introduced recently. 
The “600” Group of Companies are showing a 
number of cranes made by K. & L. Steelfounders 
and Engineers, Limited, Coborn Works, Letchworth, 
Hertfordshire. The latest addition to the range is 
the Jones KL 44 lorry-mounted crane which is 
shown in Fig. 37, on page 444. It will hoist, slew 
and travel with a load of 4 tons at a radius of 
8 ft., without outriggers or blocking-up beams ; at 
the other extreme it will handle a load of 1 ton at a 
radius of 22 ft. A bolster is fitted to the lorry 
frame, behind the cab, to support the jib when 
travelling long distances. The crane is mounted 
on a six-wheeled Leyland ‘‘ Hippo” chassis driven 
by a 130-b.h.p. Diesel engine, with five forward gears 
and reverse. The maximum load of 4 tons can 
be lifted with the jib over either side or over the 
back of the lorry. The standard jib is 24 ft. 
long, but various longer jibs can be supplied, the 
maximum load being reduced accordingly. The 
crane superstructure rotates about a steel centre 
post on four tapered steel rollers, which are mounted 
in substantial cast-steel brackets fitted with 
“‘hook-type”’ rollers operating on the under- 
side of the cast-steel slewing race. The crane 
machinery shafts run in self-aligning ball bearings ; 
machine-cut steel gears are used throughout, except 
for the slewing pinion and rack. Hoisting and 
lowering are controlled by a single lever, arranged 
so that the brake is automatically applied when the 
lever is in the neutral position. When the lever is 
moved in one direction the load is hoisted ; when it 
is moved in the opposite direction the brake is 
released and the load is lowered, and when it is 
moved farther a lowering clutch is brought into 
operation, causing the hook to be lowered at twice 
the hoisting speed. With a load of 4 tons the 
hoisting speed is 44 ft. per minute, and the maxi- 
mum, slewing speed is 4 rpm. The jib can be 
derricked from maximum to minimum radius in 
approximately 40 seconds. The crane proper is 
driven by an independent radiator-cooled Ruston 
Diesel engine developing 24 brake horse-power at 
1,500 r.p.m. at a one-hour rating, and the average 
fuel consumption on crane duties is 24 gallons a 
working day. The recommended speeds for the 
vehicle are 2 m.p.h. laden and 20 m.p.h. unladen 
The overall height with the jib stowed is 13 ft. 8 in., 
and the weight in working order is approximately 
15 tons. 

Messrs. Metalclad, Limited, Neath, Glamorgan, 
also a member firm of the “‘ 600 ” Group, are showing 
a number of woodworking machines, including a 
6-in. woodturning lathe which, together with an 
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8-in. lathe, has been introduced recently. The 6-in. 
lathe, which is illustrated in Fig. 39, on page 444, is 
normally supplied with a 6-ft. bed and the 8-in. 
lathe with an 8-ft. bed, but other lengths can be 
supplied to suit individual requirements. The 
headstock spindle which, with its bearings and pulley, 
is totally enclosed, is bored No. 3 Morse taper at 
the nose and carries a large faceplate at the outer 
end. It is mounted in dustproof ball-bearing 
housings, and is designed so that the whole of the 
spindle assembly, including bearing housings, brake 
drum and pulley, can be withdrawn as a unit by 
simply removing four bolts and four Allen screws. 
The lathe is driven by a 2-h.p. motor, running at 
1,440 r.p.m., through four V-ropes. Four speeds— 
600, 1,010, 1,620 and 2,640 r.p.m.—can be selected 
by a pedal, and a hand brake is incorporated 
in the headstock so that the work can be brought to 
rest quickly. The lathe bed is of cast iron, of box 
section, accurately machined and scraped to close 
limits. The tailstock barrel can be adjusted by 
a handwheel and locked by moving a lever, and 
the whole tailstock can be set over for taper 
turning. The lathe is normally supplied with a 
hand tool rest, but various attachments are available. 
These include a compound slide-rest, a fixed outer 
turning attachment (for work up to 23 in. in 
diameter) and a steady rest, all of which are shown 
in Fig. 39; also an outer turning stand, which will 
take work of more than 23 in. diameter. 

Among the exhibits on the stand of British 
Insulated Callender’s Cables, Limited, Norfolk 
House, Strand, London, W.C.2, mention may be 
made of the ‘‘ Bimec” fault locator, which is 
illustrated in Fig. 38, on page 444. This instrument, 
which was initially developed by the former Midland 
Electric Corporation for Power Distribution, Limited, 
has been designed to locate short-circuits between 
two or more cable cores, between the cores and the 
cable sheath, or between a combination of the two. 
Open circuits at the fault can also be detected. 
Its operation depends on the fact that the external 
field set up by a cable carrying alternating current 
in two of its cores varies in intensity and duration 
along its length, in accordance with the lay or 
twist given to the cores during manufacture. A 
current at a constant frequency of 1,000 or of 1,400 
cycles per second is injected into the cable by a 
special generator and the periodic variations in the 
external field are detected by a search coil, which 
is carried by an operator, and is linked to a closely- 
tuned high-gain amplifier and telephone. These 
variations, however, cease when the fault is reached 
and the position of the latter therefore can be 





determined accurately without calculation. The 





Fig. 36. Muvttipte Punca ; Messrs. 
F. J. Epwarps, Lirrep. 


results are found to be unaffected by the presence of 
armouring or by changes in the section of the cable. 
The instrument can be operated from the mains or 
from a 12-volt battery. The same firm are showing 
an impregnated pressure cable capable of carrying 
200 MVA at 220 kV, as well as examples of their 
capacitors for power-factor improvement and their 
spot- and butt-welding equipment. 

Of the exhibits on the stand of the Rubery 
Owen Organisation, Booth-street, Darlaston, Staf- 
fordshire, mention may be made of the three- 
wheeled elevating truck of Messrs. Electro-Hydrau- 
lics Limited, Liverpool-road, Warrington. This 
truck, which is illustrated in Fig. 40, on page 
444, is designed for stacking and local transport. 
It will lift loads of 10 ewt. at 1 ft. 3 in. from the heel 
of the fork, and remains quite stable when these 
loads are raised and stacked at the maximum height 
of 9 ft. When fully loaded, the lifting speed is 
35 ft. per minute, and the lowering speed 50 ft. per 
minute ; on level ground, the forward and reverse 
travelling speeds are 6 m.p.h., and gradients up to 
1 in 8 can be negotiated. The truck is driven by 
a horizontally-opposed, two-cylinder water-cooled 
petrol engine, developing 50 brake horse-power at 
2,800 r.p.m. The same engine also drives the 
pump for operating the hydraulic jack which is used 
for lifting the loads. This jack has a crosshead 
wheel over which runs a roller chain, one end of 
which is attached to the fork-lift carriage and the 
other to the mast frame structure. The maximum 
stroke of the jack is 4 ft. 6 in., which gives a lift of 
9 ft. to the carriage. Two smaller hydraulic jazks 
are incorporated for tilting the mast which is 
6 ft. 3 in. high and can be tilted 2-5 deg. forward, 
or 10 deg. backwards. A shorter mast may be 
fitted for use under conditions of low headroom. 
The three wheels are fitted with 18-in. by 7-in. 
pneumatic tyres, and are provided with electro- 
hydraulic brakes. The wheelbase is approximately 
3 ft. 6 in., the overall length from the rear of the 
truck to the heel of the fork about 5 ft. 9 in., and 
the overall width about 3 ft. The truck has an 
inner and outer turning radius of 6-5 in. and 
5 ft. 1 in., respectively, and can thus be manceuvred 
easily in intersecting aisles with a width of only 
4 ft. 9in. Its unladen weight is a little over 1-5 
tons. 

An interesting exhibit on the stand of Messrs. 
Gent and Company, Limited, Faraday Works, 
Leicester, is an audible liquid-level indicating and 
recording unit, a photograph of which is reproduced 
in Fig. 41, on page 444. The apparatus is designed 
to enable an operator to receive characteristic 
signals over the Post Office telephone system and 
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thus to ascertain the water level in a distant reser- 
voir. At the distant end, the apparatus consists of 
a transmitter, which is operated by a float chain and 
counterweight of the usual type and closes the cir- 
cuits of appropriate relays to give ‘‘feet”’ and 
‘inches ” indications. This transmitter is actuated 
from the receiving end over the Post Office telephone 
lines by lifting an ordinary telephone handset. When 
connection has been established correctly, the opera- 
tor hears a short ring on a trembler bell followed, 
after a short pause, by signals on either a gong or 
buzzer. Those on the gong indicate feet, while those 
on the buzzer enable the number of inches to be 
ascertained. To eliminate possible error, each set of 
signals is repeated three times with a pause between 
the repetitions. The apparatus then returns to 
normal ready for the next call. The recorder is of 
the firm’s normal barrel type and is operated by the 
same float as the transmitter, so that the two are 
always in synchronism. It is driven by an eight-day 
clock movement. The indicator is supplied with 
direct current at 12 volts, preferably from a nickel- 
cadmium accumulator battery, which, as will be 
seen from the illustration above referred to, is 
housed in a compartment at the bottom of the 
cabinet. When an electricity supply is available at 
the reservoir, however, the instrument can be fed 
through a transformer-rectifier. 

Among the indicating and recording instruments 
exhibited by Messrs. Elliot Brothers (London), 
Limited, Century Works, Lewisham, London, 
S.W.13, is a steam flowmeter which is illustrated in 
Fig. 42, on page 444. This instrument has been 
developed to indicate and record the rate of flow 
of steam at pressures up to 1,000 Ib. per square inch. 
It operates by measuring the pressure drop across 
a restriction or orifice in a pipe running full, indica- 
tions being given which are calibrated in terms 
of rate of flow. The instrument shown consists 
essentially of a U-tube made from solid drawn and 
welded steel parts. This tube contains mercury, 
and one end is connected to ‘he high-pressure 
side of the pipe restriction, while the other is 
attached to the low-pressure side just beyond the 
orifice. A cast-iron float rests on the mercury in 
one arm of the U-tube, and rises or falls in accordance 
with the pressure drop and therefore with the 
rate of flow. Its movements actuate a rack 
and pinion which, in turn, drive the indicating 
and recording pointers through a magnetic coupling 
and appropriate gearing, thus avoiding the use of 
glands or stuffing boxes. A specially-shaped cam 
between the coupling and the pointer gearing 
enables an evenly graduated scale to be employed. 
This can be illuminated if required. Self-sealing 
valves are located in the lower portions of the 
U-tube arms to protect the instrument from the 
effects of reverse flow, overloads, or violent fluctua- 
tions. A handle at the top operates valves which 
enable the pressures to be equalised on each side of 
the orifice plate, when zero settings have to be made. 

Messrs. Birlec, Limited, Tyburn-road, Erdington, 
Birmingham, are showing an electrically-heated 
carburising furnace with an automatically rotating 
drum for the case hardening of small parts. This 
furnace, which is illustrated in Fig. 43, on page 
444, has been designed to overcome the disadvan- 
tage of low thermal efficiency, which is inherent 
when case-hardening is effected by packing the 
parts in carbonaceous material and then heating 
them in open furnaces. When gas carburisation is 
used, on the other hand, the components can be 
placed in a gas-tight chamber and heated to the 
correct temperature in a neutral atmosphere. A 
carburising gas is then admitted until the required 
case depth has been obtained. The furnace exhi- 
bited is of a type that has been developed for the 
surface hardening of batches of such small com- 
ponents as will not be damaged by tumbling in the 
rotating chamber. It is, therefore, particularly 
suitable for treating small links, rollers, collars and 
washers, as well as robust articles with a deep 
grinding allowance. 

The furnace chamber consists of a drum of heat- 
resisting alloy, which is closed at one end by a 
plug and at the other by a bung, which can be with- 
drawn for charging and discharging. The drum 
itself is mounted on trunnions, and is rotated 
about a horizontal axis by an electric motor at 





a speed which is determined by the nature of the 
work. It is manually filled through a hopper, 
but with this exception the sequence of operations 
can be controlled automatically from a distance. 
The drum is first turned into a vertical position, 
after which the bung is removed by a mechanism 
on the supporting gantry. The drum is then 
swung back to an angle of about 50 deg. with 
the horizontal, and the hopper is raised by wire 
ropes so that its mouth is level with the furnace 
chamber inlet. When the furnace has been loaded 
and re-sealed the drum is returned to the hori- 
zontal and is rotated, while the hopper descends 
to the filling position on the floor. When carburisa- 
tion has been completed, the chamber bung is auto- 
matically withdrawn and the drum is tilted so that 
its contents are discharged into an adjacent quench- 
ing tank, which can be provided with a conveyor 
belt. 


(To be continued.) 





ANNUAL REPORT OF THE 
INSTITUTION OF ELECTRICAL 
ENGINEERS. 


THE of the Council for 1948-49, which was 
ted at the 77th annual general meeting of the 
Tnstitution of Electrical Engineers on Thursday, 
May 12, records that during the year the corporate 
status of the Institution i ae = by a 
t of arms. During the period under review, 
Gone was an increase in the total membership, which 
rose from 32,907 to 34,371 on March 31, 1949. Of 
this number, 3,226 were full members, 12,791 associate 
members, and the others non-corporate members. 
During 1948-49, 1,203 meetings were held in London, 
and at the local centres by members, the Council, and 
the various committees. The Couneil revised the 
definition and scope of the four specialised sections, 
the Transmission Section being renamed Supply Section 
to cover questions relating to generation of electrical 
power, and the Installations Section being retitled 
Utilization Section to include heavy engineering, 
except when this concerns generation. Friendly 
co-operation was maintained with other bodies and 
with Government departments ; and, in conjunction 
with the Institutions of Civil and Mechanical ineers, 
rules were formed for “ Joint Overseas Branches” in 
districts where local membership is insufficient to 
warrant each Institution having its own separate 
mme of meetings. 
Goole cto to have been made by the 
various committees. The research committee recom- 
mended changes, to which the Council agreed, in the 
annual sums awarded under research scholarship 
grants ; and has been in touch with the Medical Research 
Council concerning the long-term biological effects on 
the human body of radio-frequency fields. The relevant 
committees have also continued work on the various 
Codes of Practice, including those falling outside the 
scope of the Independent.Codes of Practice Committees. 
The overhead-line regulations, originally made by the 
Electricity Commissioners, and now administered by 
the Minister of Fuel and Power, were reviewed, and 
recommendations proposed and passed to the Minister 
for his consideration. Close liaison was maintained 
with the Postmaster-General in the drafting of the 
Wireless Telegraphy Bill, which is designed to give 
the Postmaster powers to control radio interference. 
The Council are collaborating with the organisers of 
the Festival of Britain to be held in 1951; Sir Stanley 
Angwin has been appointed to serve on the Festival 
Council, and seven members have been nominated to 
the Electrical Engineering Panel under his chairman- 
ship. In co-operation with the councils of the In- 
stitutions of Civil and Mechanical Engineers, a Joint 
Engineering Conference is being sponsored, and will 
be held while the Festival is in progress. 

An interesting feature of the report is the references 
to engineering man-power and to the status and 
education of the electrical engineer. Both the Ministry 
of Labour and National Service and the Professional 
Engineers Appointments Bureau find difficulty in 
placing registrants who are over 45 years of age, and 
the Council appeal to employers to avoid, whenever 
possible, the specifying of low maximum-age limits. 
Of the total number of registrants on the books of the 
Ministry, less than 25 per cent., according to the 
report, are actually unemployed, though the number 
of vacancies advised by employers is twice the number 
of unemployed registrants. The Education and 
Training Committee considered a scheme for the 
promotion of an Ordinary National Certificate in 
Engineering which should be common to all engineers, 
and prepared a memorandum on “ The Personnel of 
the Electrical Industry.” 


THE DECCA NAVIGATOR SYSTEM. 


We describe below the general principles of the 
system developed by the Decca Navigator Company, 
Limited, 1 to 3, Brixton-road, London, 8.W.9, in 
co-operation with the Admiralty and Ministry of 
Transport, to provide, by means of radio, an accurate 
method of navigation for use in home or coastal waters. 
The system was briefly referred to in ENGINEERING, 
vol. 162, page 159 (1946), but a further stage in its 
development was marked when additional transmitting 
frequencies, known as lane-identification transmissions, 
were brought into service by the Minister of rt, 
the Rt. Hon. A. Barnes, M.P., at a ceremony held at the 
master transmitting station at Puckeridge, Hertford- 
shire, on Wednesday, January 19, 1949. This service 
improves the existing facilities by enabling the navi- 
gators of ocean-going vessels to use the system as 
soon as they enter its worki , OF coverage. 
This catunds up to dheet 800 tiles eons the eeaees 
transmitting station. 

Until lane identification was introduced, a navigator 
was unable to plot his course by the Decca system 
unless he had set his indicating instruments in 
accordance with the radio si received at some 
known point within the 8 coverage, for instance, 
when in port. Provi this was done, the pointers 
of his indicating meters then turned in accordance 
with the subsequent course of the vessel, and its track 
could therefore be accurately plotted or followed on 
standard marine — charts o inted with 
the Decca pattern of co-ordinates. Navigators of 
ocean-going ships were therefore at some disadvantage, 
in that they were unable to use the on entering 
its working range unless they could then obtain an 
accurate position fix. The lane identification service 
overcomes this limitation by sending out, at fixed 
intervals, additional radio signals, which enable a 
fix to be made at any point within the system's working 
range, independently of any previous instrument set- 
ting. Its —— of operation are similar to those 
underlying the system as a whcle, and these will 
first be described, and brief references will be made to 
some existing installations. 

For the purposes of normal marine navigation, the 
system uses & p or chain of four radio-transmitting 
stations, which pro continuous waves of low 
frequency in the 100-kce. band throughout the 24 hours 
of the day. One of the four stations is a master 
transmitter, which controls, and provides the drive 
for, the three associated slave stations; these are 
i in a star or tri layout, the master 
station being located near the centre of the star, about 
70 to 100 miles or so from each slave station. Under 
favourable conditions, a navigator can fix his position 
within a few yards, though, in general, an a 
accuracy of about 200 yards may be expected. At 
each station, special precautions are taken to avoid 
any interruption in the radio transmissions ; standby 
transmitting equipment can be switched in auto- 
matically, and other plant, including independent 
power supplies, is also held in reserve. 

The ym was developed during the recent war, 
and in January, 1947, an approval notice was issued 
to mariners by the Ministry of Transport; the 
system was also approved for international use by the 
second International Conference on Marine Radio Aids 
to Navigation, held in New York, in May, 1947. 
Over 700 merchant ships, including most of the British 
collier fleet and many coastal and short sea traders, 
are now fitted with Decca equipment, and so far, two 
groups or chains of transmitting stations have been 
set up in Europe. One of these is in land, and the 
other in Denmark. The English group its master 
station at Puckeridge, with slave stations at East 
Hoathly, in Sussex, at Wormleighton, in Warwickshire, 
and at Shotesham, in Norfolk. Its working range 
extends over the Irish Sea, the Bristol and English Chan- 
nels, and over a large area of the North Sea. The Danish 
oup, brought into service by the Prime Minister of 
mmark in October, 1948, covers the southern waters 
of the Baltic Sea, the Kattegat, Skagerrak, and part 
of the North Sea, including an area overlapped by the 
English transmitters. These two groups therefore 
serve the interests of a proportion of north-west 
European shipping. The Ministry of Transport has 
also approved the proposed erection of two further 
chains of stations for providing further coverage around 
the western coasts of England and Scotland. 

As in other forms of survey or navigational work, a 
position fix is given by the intersection of two ordi- 
nates. These ordinates, indicated by meter readings, 
depend solely upon the differences between the dis- 
tances from the ship to the various transmitting 
stations, and they are therefore directly related to the 
differences in the times required for the radio trans- 
missions to reach the ship. The principle, which is 
illustrated in Figs. 1 and 2, on page 440, involves the 
use of h bolic ordinates, since the hyperbola has 





the property that the difference between the lengths 
of its focal radii is constant. In Fig. 1, a point A is 
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shown on any one of a family of curves drawn between 
two fixed points B and C, such that the difference 
between A B and A C remains constant for all positions 
of A on the curve selected. Curves having these pro- 
perties form h: bole, distances such as AB and 
AC being their focal radii. If B and C represent the 
chart positions of two fixed transmitting stations, then 
all points on the symmetrical hyperbole d and n might 
correspond to a constant distance or path difference 
of, say, 30 miles, and all those on ¢ and m to path 
differences of, say, 25 miles. The extreme case of the 
straight line running through BC would represent a 
constant path difference equal to BC. 

The ing between two adjacent hyperbole is 
called a lane, and its average width narrows as the 
difference unit for drawing the curves is made smaller. 
Thus if a short unit is used, a fine or close hyper- 
bolic pattern of narrow lanes is produced, but with a 
longer unit the resulting pattern is more coarse. If 
the actual path difference between AB and AC is 
known, then the particular hyperbolic ordinate or 
lane on which the point A lies can be determined, 
but an intersecting ordinate is required in order to 
fix its exact position. In practice, the intersecting 
ordinate is given by a second series or family of hyper- 
bol, which as shown in Fig. 2, is produced by usi 
a third fixed point (transmitter) at D. This secon 
i between D and one of the transmitters, 


series 
B of the first pair, so that an intersecting ordinate, 
can be ified provided the path difference between 
ABand AD can be indicated. In Fig. 2, B ts 


the master station, and C and D, two of its three slave 
stations; these are called the red and green slaves, 
respectively. There is, as already mentioned, a third 
slave called purple; this is not shown, but with the 
other two it forms the star layout to provide three 
series or families of hyperbole which intersect over the 
full 360 deg. of azimuth. 

With the Decca system, the three series of hyper- 
bole are superimposed on standard navigating charts, 
each series being drawn with reference to the chart 
position of the master station and its ive slave. 
Those superimposed with the master and red slave as 
focal points are coloured red, and those drawn with 
reference to the master and its green and purple slaves 
are coloured green and purple, respectively. e hyper- 
bolz and the lanes are numbered according to the 
path differences they indicate; that is, according to 

ified differences between A B and AC (red) and 
between AB and AD (green). A navigator can 
therefore determine his chart position provided such 
path differences can be made known to him. This 
information is given by the meter readings of the 
Decca receiving equipment carried on the ship, the 
meters being scaled with numbers and divisions 
which refer directly to the hyperbole on the charts. 
These meters are called decometers and three of 
them are installed, designated red, green or purple, 
according: to the hyperbolic pattern to which they 
refer. Transmissions from the master and red slave 
operate the red decometer, and those from the master 
and slave operate the green. Readings from 
any two of the three are sufficient to specify the inter- 
secting ordinates needed for a position fix, though the 
third can always be taken as a check. Thus, indica- 
tions are given which provide a fix without knowledge 
of the actual path differences themselves. For reasons 
of accuracy, ordinates are selected which intersect 


at as e an as possible; the two readings 
chosen therefore depend upon the position of the 
ship. 


As already intimated, the indication of these path 
differences depends basically upon the times required 
for the radio transmissions to reach the ship. For 
example, if the times needed for them to travel from 
the master and from a given slave station are equal, 
then the vessel is somewhere on the equidistant line 
running midway between the two stations ; if the time 
difference is large, then the co’ nding path differ- 
ence is also large, and the ship is then much nearer one 
station than the other. In order to detect and make use 
of such time differences, each slave transmitter radiates 
continuous waves, which are interlocked in phase 
relationship (i.e., in time) with those propagated from 
the master station. This lock is held to a high degree 
of accuracy, and any apparent change in phase rela- 
tionship appearing at the ship therefore indicates that 
the waves concerned have travelled unequal distances. 
It is these phase differences which are used to operate 
the pointers of the three > 

In practice, each transmitter radiates waves of a 
different cy, 80 that the ship’s receiving equip- 
ment can differentiate between them; the frequency 
broadcast from each slave, however, bears a fixed 
ratio to that sent out by the master. At Puckeridge, 
the master station normally propagates at 85 
per second, while its red, green and purple slaves 
radiate at 113-33, 127-5 and 70-83 kilocycles per 
second, respectively. To detect any apparent change 
in their phase relationship, the ship’s receiving equip- 
ment first converts the frequencies of the incoming 
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waves to certain common frequencies, which are whole | 
multiples of those being compared. For example, the 
85 ke. waves from the master, and the 113-33 ke. 
waves from the red slave in the English chain are 
first converted to their lowest common multiple 
frequency of 340 kc. Similarly, those from the master 
and green transmitters are converted to their lowest 
common multiple of 255 ke., and those from the 
master and purple slave to 425 ke. These multiples 
are called the normal phase-comparison frequencies, 
since it is the phase displacement at these frequences 
that operate the decometers. The latter are usually 
mounted on a small panel which can be placed in 
the charthouse, on the bridge, or in any convenient 

ition away from the main receiving equipment. 

ey are each provided with two pointers which, 
arranged like the hands of a clock, rotate over two 
concentric 360-deg. scales, indicating lane numbers and 
their subdivisions. There is also on each meter face 
a small adjustable window —_ showing by letters the 
particular group or zone of lanes to which the pointer 


ing now to the principles of the lane identi- 
fication service ; it will be sede’ that the spacing or 
lane width between the hyperbole in a given pattern 
narrows as the unit of path difference is reduced. 
Theoretically, any number of hyperbole could be drawn, 
but for practical purposes the number superimposed on 
the charts is governed mainly by the closeness of the 
patterns needed for navigation and convenience of 
reading. The unit of path difference used for drawing 
the hyperbole is selected accordingly, being made 
equal to the wavelength of the normal phase-com- 
parison uency. A 360-deg. phase displacement 
therefore indi @ path difference equal to the wave- 
length of this parti frequency ; hence, as the ship 
crosses successive hyperbole in a given pattern, the 
corresponding path neal lengthen or shorten by 
this amount, i.e., by about 960 yards, 1,285 yards, and 
770 yards, respectively, for the 340 kc., 255 ke. and 
the 425 ke. per second normal comparison-frequencies 
of the red, green and le patterns; at the same 








time, the unit — of the relevant decometer moves 
forward or backward by one unit. 
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Path differences exceeding these lengths naturall 
produce phase ——— poco an a 360 re 
and, until lane identification was introduced, the 
system had some ambiguity, because a displacement of 
@ deg. corresponded either to a true displacement of 
6, or of @ + n 360 deg., n being any whole number, and 
6 an angle less than 360 deg. A positive fix, therefore, 
could not be given unless the navigator knew his 
position to an accuracy which disposed of the ambiguity, 
this knowledge being equivalent to knowing the value 
of n and the particular lanes on which the vessel was 
sailing or stationed. Such information, usually 
obtained in port, enabled the unit pointers of the 
decometers to be set to the lane numbers co nding 
to the ship’s position; hitherto this could not be 
effected for ocean-going vessels entering the coverage 
of the system. Once the meters were set, however, 
their pointer readings indicated the subsequent course 
of the ship, provided there was no interruption in the 
radiated transmissions and no breakdown in the receiving 
equipment. Ambiguity only existed therefore in as 
much as it was essential for the navigator to know or 
to find his position and lane numbers when entering 
the working range of the system, or to get confirmation 
at some other point within its coverage. 

As its name implies, the lane identification service 
enables navigators to identify their lane number and to 
obtain an accurate fix at any point within the coverage 
of the system, independently of initial instrument set- 
tings. Thus, lane numbers and position can also be 
checked after rectifying any temporary breakdown in 
the receiving equipment. To achieve these objects, the 
service uses coarse hyperbolic patterns having a much 
wider spacing between adjacent hyperbole than those 
in the normal fine patterns. . The coarse patterns are 
formed by using longer wavelengths as units of path 
difference, and may be regarded as being superimposed 
on the fine patterns. Each of the wider spacings com- 
prises an exact number or group of lanes, so that a 
360-deg. displacement (on the longer wavelength) 
corresponds to transit across a group or zone of lanes, 
and thus across a greater geographical distance than in 
the case of the fine patterns. The accuracy obtainable 
with the coarse pattern is therefore less than that 
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given by the fine, but it is made sufficient to identify 
the lanes on which the ship is sailing, and to remove the 
ambiguity of the fine patterns. In effect, the coarse 
—- are used to give an —_ fix by the 

tersection of two (or three) lanes, after which the 
decometers are set to give an accurate fix, their subse- 
quent readings indicating the course of the ship. 

The long waves and coarse patterns needed for lane 
identification are obtained by allowing each trans- 
mitting station to radiate, at fixed intervals, continuous 
waves of two different frequencies which combine to 
produce a beat frequency of much longer wavelength 
than that used for the normal-com n frequency. 
For the master and its red slave, the beat frequency 
wavelength so produced is 24 times longer, so that the 
wane spacing comprises zones made up of 24 lanes 
each. The zones in the m and purple patterns like- 
wise comprise 18 and 30 lanes, respectively. The phase 
displacements occurring on these longer wavelengths 

path differences in a manner similar 
to that already refe to. In this case, however, the 
displacements operate the pointer of a lane identificatio: 
meter which is arranged to give readings relating, in 
turn, to the red, green and purple patterns. This meter 
is usually mounted above the three decometers as 
shown in the photograph reproduced in Fig. 4, on 
this page. It is provided with three concentric scales, 
coloured red, green and purple, which light up when 
the appropriate transmissions are being received. Thus 
the scale lights up when lane identification signals 
are received from the master and red slave, the pointer 
then moving to a position on the red scale indicating the 
lane number to which the unit pointer of the red deco- 
meter should be set. The setting for the unit pointers 
of either the green or purple decometers are obtained 
similarly, these readings giving, in effect, an approxi- 
mate position fix by the intersection of the lanes con- 
cerned. As already indicated, the final fix is deter- 
mined from the decometers, their subdivision pointers 
being read for this purpose. This method of fixing the 
lane numbers assumes that the navigator knows the 
zones on which he is sailing ; in practice, the assump- 
tion is reasonable, since a zone subtends an angle of 
about 12 deg. with the master station at extreme 
ranges (300 miles) and the corresponding ambiguity 
on the coarse pattern is unlikely to be greater. On 
the charts, the zones are lettered. 

In the English chain of stations, the beat frequencies 
are generated by radiating, in turn, the additional fre- 
quencies shown in the dotted rectangles of Fig. 3. This 
shows a typical station layout as set for lane identifica- 
tion, and depicts on a single scale in each case the 
indicating dials for the red, green and purple trans- 
missions. The numbers indicate kilocycles per 
second, those in the full-line rectangles referring to the 
frequencies which are radiated to give the normal phase- 
comparison uencies and the fine hyperbolic pat- 
terns. Thosein the dotted les refer to uen- 
cies propagated only during lane identification, which, 


as already mentioned, occurs in turn with respect to the 
master and each of its three slaves. During a given 
identification, transmissions are received only from the 
master and the particular slave concerned, the other 
two being temporarily switched off. When, for exam- 
ple, lane identification occurs on the red pattern, the 
normal 127-5 ke. from the green and the 70-8 ko. 
from the purple slaves are switched off, and the addi- 
tional 70-8-kc. transmitter at the master and the 
127-5-ke. transmission at the red slave are switched on. 
These two stations then radiate two different frequen- 
cies, viz., 85 kc. and 70-8 ke. from the master, and 
113-33 ke. and 127-8 ke. from the red slave. The 
two sets of frequencies each generate a difference 
or a beat frequency of 14-2 ke., which, being one 
twenty-fourth of the normal phase-comparison fre- 
quency (340 ke.) of the red pattern, produces zones 
each comprising 24 of the normal red lanes. 

Beat frequencies of 14-2 ke. are similarly produced 
when identification occurs with respect to the 
and the purple slaves; in each case the 70-8 ke. 
at the master is switched on and radiates together 
with its normal 85 ke. When identification occurs 
on the green pattern for example, the normal trans- 
missions of the red and purple slaves are switchd off, 
and the 113-3 ke. at the green station and the 70-8 ke. 
at the master are switched on. In this instance, 
the 14-2 ke. so produced from the master and from 
the green slave is one-eighteenth of their normal 
phase-comparison frequency (255 kc. per second) ; 
the corresponding zone therefore comprises 18 of the 
green lanes. On the purple pattern the zone width 
comprises 30 lanes because its normal phase-comparison 
frequency is 425 kc. The 14-2 ke. from the purple 
slave is generated somewhat differently from the 
method employed at the other stations. Its normal 
70-8-ke. transmitter is switched off, together with the 
red and green transmissions, and, as shown in Fig. 3, 
two other transmitters, one radiating at 113-33 kc. and 
the other at 127-5 ke. are switched in with the addi- 
tional 70-8-kc. transmission from the master station. 

Lane identification signals, relating to each pattern 
in turn, are propagated once every minute in the order 
red, green, purple. Transmissions on the red pattern 
are sent out at the start of a minute, followed, at 
15 seconds past the minute, by those on the green, 
and, at 30 seconds past, by those on the purple pattern. 
There is then a half minute interval and the cyele is 
repeated. These transmissions last only half a second 
each, so that there is virtually no interruption in the 
normal transmissions forming the fine patterns. Their 
effects, however, are stored in the lane identification 
meter for five seconds each, thus actuating the pointer 
of this meter for a period long enough for a reading 
to be taken. 

The accuracy of the system as a whole improves as 
the master transmitter is approached, since the ordi- 
nates then intersect at larger angles, and, as shewn 





in Figs. 1 and 2, the lane widths narrow so that a 





360-deg. phase displacement then corresponds to a 
shorter distance geographically. A fix is usually given 
by ordinates which, on the chart, form a small diamond- 
shaped area at the point of intersection, this area cover- 
ing the true chart position of the ship. As the distance 
from the master station increases, this area, known as 
the diamond of error, elongates, because the ordinates 
then intersect at smaller angles. The longer diagonal 
of the diamond continues to point in the direction of 
the master station, so that at long ranges the errors are 
greatest in this direction. In general, it is claimed that a 
fix can be given to within 100 fathoms (200 yards) of the 
true position ; that is with the existing forms of station 
lay-out and the base-line distances between them, 
though under favourable conditions the accuracy ma 
be much greater. In daytime, the errors in line wit 
the ng diagonal of the diamond are stated to range 
from yards to half a mile at ranges from 100 to 
250 miles. During the night the corresponding errors 
may vary from 100 yards to two miles. The accuracy 
is less at night because of the effects produced by an 
ionised layer which then forms in the upper atmo- 
ph and reflects radio signals. These reflected 
signals are picked up by the ship’s receiving equip- 
ment, and, having travelled farther than those coming 
directly from the transmitters, combine with the direct 
signals to introduce small errors into the decometer 
rea 


dings. 

{ The technical details of the transmitting and receiv- 
ing equipment are the result of several years develop- 
ment work ; they cannot be dealt with here, but men- 
tion may be made of a few basic features. The 
onan | a tus for marine navigation consists 
essentially four highly sensitive radio receivers, 
one for the master transmitting station and one for each 
slave station, together with a series of te phase- 
comparison circuits which operate the three deco- 
meters. The lane-identification transmissions, like the 
normal transmissions, are automatically interlocked in 
phase relationship at the transmitting stations, an 
ee ag sequence oS taeae by ae the 
master ency by 60 seco ‘or one 
twenty-fifth of Sonal when red identification is to 
follow. The uency is increased by 60 cycles 
second for identification on the green pattern, parr’, we 
a reduction followed by an increase for the purple 
pattern. 

To detect the beat frequency required during lane 
identification, the receivers also incorporate mixing 
valves which function from the appropriate output 
component channels, for example, from the 85-ke. and 
the 70-8-kc. transmissions sent out from the master 
station in the English chain. The beat frequency 
thus obtained from the master, and, in turn, from 
each slave, are fed to a double-discriminator circuit 
which uses the phase displacement between the two 
frequencies to operate the lane identification meter, 
the circuit being similar to that employed for the 
decometers. In simplified form these circuits each 
consist of four diode valves symmetrically connected 
about centre-tap transformer coils, signals from 
the master and from the slave being applied across 
different coils to provide four signal voltages 
in star. The vector sum of two signals, one derived 
from the master, and the other from the slave, is applied 
to each of the four diodes; the rectified output from 
appropriate pairs is amplified and energises two separate 
a 5 Seunted at right — to each other, to produce a 
composite magnetic field which deflects the indicating 
pointer of the meter in accordance with the phase 
displacement of the two waves being compared. The 
output of a detector operating on the 85-kc. channel 
supplies three selective-filter circuits which operate 
oye to short circuit the decometers and to illuminate 
the appropriate scale of the lane identification meter 
when identification signals are being received. This 
short circuiting prevents these si from affecting 
the decometer ings. 

The receiving unit as designed for marine navigation 
weighs about 100 lb. and has overall dimensions of 
about 20-5 in. by 33-5 in. by 10-5 in. The unit ean be 
installed in any convenient position. The three 
decometers and the lane-identification meter are 
usually mounted together in a separate case, which 
can also be placed where desired. A typical arrange- 
ment, with the lane-identification meter on top, is 
shown in Fig. 4. It should be understood, however, 
that lane identification is not an essential service for 
vessels which always ply within the coverage of the 
system, since their decometers can be set when in 
port or at some other known point. Having set them, 
the system has the advantage that they then read in 
accordance with the course of the vessel, its position 
at any instant being found merely by reading two 
meters. 

The system, including existing installations, can also 
be used for aerial as well as for marine navigation, but 
whether employed for these or for other purposes, the 
laying out of a chain of transmitting stations involves 
several inter-dependent factors depending largely upon 
the accuracy required and consequently upon the 
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closeness of the hyperbolic patterns. Thus the base-line 
distance between the transmitters must be sufficiently 
long to ensure the desired ace at extreme ranges, 
and for similar reasons the lane width should not be 
too great ; that is, the transmitted frequencies must be 
selected to give normal-comparison frequencies pro- 
ducing the desired patterns. 

In addition to the fixed transmitters used for marine 
navigation, transportable transmitting equipment has 
been developed which is particularly applicable, for 
example, for the mapping of new areas and for hydro- 
graphic surveying. Such ipment, as indicated on 

250, ante, is to be employed in the search for oil 
th the sea bed of the Persian Gulf. 





REPEATER FUSE FOR RURAL 
ELECTRICAL CIRCUITS. 


On rural transmission and distribution systems, 
where faults are frequently of a transient nature, some 
ment for re-closing the circuit automatically so 
that the supply is restored without a visit having to 
be paid to the protective apparatus is an obvious advan- 
tage. The repeater fuse, manufactured by Messrs. Allen 
West and Company, Limited, Brighton, 7, is designed 
for this purpose. It consists essentially of a fuse 
element, which is connected to a spring, the two being 
contained in a tube filled with non-inflammable 
liquid of high dielectric strength. This element is 
mounted on a base alongside one of the firm’s standard 
“Empire ” fuses, the two being connected in parallel 
across the circuit which is being protected. The 
repeater fuse is in two sections, which are normally 
connected in series. When a fault occurs, however, 
the upper section blows and a reclosing contact is 
driven down it by the spring. After an interval 
of about two seconds, this contact comes up against 
a central ferrule, to which the standard fuse is 
also connected. The circuit is thus restored through 
the latter and the lower section of the repeater 
fuse. The repeater fuse is at present made in two 
sizes with ratings of 50 amperes and 150 amperes, 
respectively, at voltages up to 33 kV, and any reason- 
able number may be assembled together to provide 
the required number of automatic reclosures. In 
practice, however, it is found that one automatic 
reclosure covers the majority of service requirements 
and is sufficient to ensure that dangerous fault condi- 
tions do not persist. 





REPLACEMENT OF LEVEL-CROSSINGS ON THE LONDON 
TRANSPORT SYSTEM. Work is now in progress on the 
last of the bridges which have been built to replace 
level-crossings on the eastern end of the London Transport 
Central Line. Sections of the former L.N.E.R. main line 
were electrified to provide an eastern extension to the 
Central line, and the necessary replacement of level- 
crossings by bridges, foot-bridges and subways was 
started before the war. The last bridge, which will be 
completed shortly, is on the London side of Leytonstone 
station. 





THe LATE Mr. A. CLIMie.—News of the death of Mr. 
Andrew Climie, on April 27, after a long illness, will have 
been received with regret by many, particularly in ship- 
building circles in Glasgow. Mr. Climie, who was 60 years 
of age, was secretary of Messrs. Drysdale and Company, 
Limited, ‘“‘ Bon Accord” Works, Yoker, Glasgow, 
W.4, with whom he was associated all his life. He 
joined the company in 1904 as an office boy and rose 
to positions of responsibility early in life. Mr. Climie 
was ap associate member of the Institution of Engineers 
and Shipbuilders in Scotland, and, during the war, served 
on the Panel of Assessors to the Unemployment Assist- 
ance Board. He was also active in the councils of the 
Foremen’s Mutual Benefit Society for which he did a 
considerable amount of voluntary work. 





DOMESTIC HEATING BY WARM-AIR CIRCULATION.—The 
researches reviewed and described in ENGINEERING, vol. 
166, page 638 (1948), and on page 199, ante, have been 
extended by the Building Research Station, Watford, to 
include tests on a system of warm-air heating in each of 
four similar two-storey houses built on the open-plan 
layout in a single terrace on the experimental site at 
Abbots Langley, Hertfordshire. On the ground floors 
there are no fixed partition walls between the dining 
rooms, living rooms and halls, these forming a general 
living space. Each house is heated by warm air deriving 
its heat through a heat exchanger from the flue gases of 
@ central] furnace burning bituminous coal. The warm 
air is distributed by fan through ducting and discharged 
at alternative points near the ceilings or the floors. 
Fresh air can also be mixed with the warm air as it 
Passes through the heat exchanger. Temperature 
measuring and control equipment has been installed, 
and a test hut erected nearby. It is intended that the 


teste shall last for a year, during which period the views 
of the residents will also be ascertained. 
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PERSONAL. 


Str ROBERT Sinciam, K.C.B., K.B.E., deputy presi- 
dent of the Federation of British Industries, 21, Tothill- 
street, London, S.W.1, was elected President on May 11, 
in succession to Sir Frederick Bain, M.C., who retired 
after holding the Presidency for two years. 


Mr. LEsLre GaMaGE, vice-chairman and joint manag- 
ing director of the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, has been 
elected President of the Institute of Export for the 
seventh year in succession. He has also been elected 
chairman of the Overseas Standards Advisory Committee 
of the British Standards Institution. 

Mr. W. A. C. NEWMAN, O.B.E., B.Sc. (Lond.), 
A.R.S.M., A.R.C.Sc., D.1.C., F.R.1.C., F.1.M., Chemist 
and Assayer at the Royal Mint, will be installed as 
President of the Institution of Mining and Metallurgy, 
Salisbury House, Finsbury-circus, London, E.C.2, on 
May 19 and will deliver his presidential address. 

Str Joun Morison has been elected to the board of 
Messrs. Guest, Keen and Nettlefolds, Limited. 


Mr. W. W. MacARTHOR, who joined Messrs. Craven 
Brothers (Manchester) Limited, as general works mana- 
ger on November 1, 1948, has now been elected a director 
of the company. 

Dr. H. E. Merritt, M.B.E., M.1.Mech.E., has been 
appointed chief research officer on the headquarters staff 
of the British Transport Commission, 55, Broadway, 
Westminster, London, S.W.1, as from May 30. 

Dr. E. C. Rouiason, M.Sc. (Birm.), has been elected 
chairman of the Editorial Committee of the Institute 
of Welding and also a British delegate on the Commission 
on Weldability of the International Institute of Welding. 


Mr. C. E. Knicut has resigned his appointment as 
assistant director to the Combustion Engineering Associa- 
tion, 24, Tottenham Court-road, London, W.1, and also 
as secretary of the Underfeed Stoker Makers’ Association. 
Mr. ARTHUR CoE, director of the Combustion Engineering 
Association, has been appointed secretary of the Under- 
feed Stoker Makers’ Association. 

Mr. J. L. W. McDowaLL, M.I.Mech.E., bas been ap- 
pointed development mechanical engineer in the Produc- 
tion Department of the National Coal Board. 

Mr. C. G. Conway, who while on the staff of the Mond 
Nickel Company, Limited, has conducted much work 
on the development of high-temperature alloys, and 
particularly of the Nimonic alloys, has joined the tech- 
nical staff of Power Jets (Research and Development) 
Limited, 25, Green-street, London, W.1. , 

Mr. Jonn Hunt, A.M.I.Mech.E., has been appointed 
lecturer at the Barnsley Mining and Technical College. 

Mr. E. C. ELLwoop, B.Sc. (Lond.), has been awarded 
the degree of Doctor of Philosophy by the University of 
London. He has also been awarded a travelling fellow- 
ship by the Nuffield Foundation to study extraction 
metallurgy in Rhodesia and South Africa. 


Messrs. DEWRANCE AND COMPANY, LIMITED, announce 
the opening of a branch office for the North-Eastern Area 
(covering the counties of Northumberland, Durham and 
Cumberland) at 23, Grey-street, Newcastle-upon-Tyne, 1. 
(Telephone : Newcastle 21147.) The office will be under 
the direction of Mr. W. I. Ferauson. The firm’s Man- 
chester branch office has been transferred to larger 
premises, at 10, Corporation-street, Manchester, 4. 
(Telephone: Blackfriars 9283.) 





ELECTRICAL ENGINEERING STUDENTS TO VISIT NOR- 
wayY.—Arrangements have been made for a party of 
40 students and graduate members of the Institution of 
Electrical Engineers, drawn from all parts of the United 
Kingdom, to visit Norway from August 13 to 29. A 
programme of visits is being arranged by Den Norske 
Ingenigrforening. The party will travel to Norway via 
Dover-Ostend and Belgium, Germany, Denmark and 
Sweden. 





THe LaTeE Mr. R. E. HaTTeERsLEY.—We note with 
regret the death of Mr. Richard Edwin Hattersley, which 
occurred at his home at Ormskirk, Lancashire, on May 2. 
Mr. Hattersley, who was 72 years of age, was chairman 
and managing director of Messrs. Hattersley (Ormskirk), 
Limited, iron and non-ferrous metal founders and valve 
manufacturers, Ormskirk, a company constituted in 1923 
and converted into a public company in 1937. Mr. 
Hattersley was educated at Sedbergh and entered the 
engineering industry in 1900 by purchasing the Halifax 
firm of Messrs. Gaukroger, Sykes and Roberts, Limited. 
Although the head office and works of Messrs. Hattersley 
are at Ormskirk, the Halifax Works are still emp'oyed 
for an important part of the firm’s activities. 
Throughout his life, Mr. Hattersley’s chief interest had 
been in the production of special ranges of valves and 
control fittings. In addition to his other interests, he 
was for a long period a director of Messrs. Erskine, Heap 
and Company, Limited, switchgear manufacturers, Man- 
chester, and, some years ago, was appointed chairman of 
that firm. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—Although a note of caution is being 
sounded in some quarters, as a result of the somewhat 
confused state of markets brought about by the lower 
quotations and shortening of delivery dates in Belgium 
and the United States, steel activity in this district is 
being maintained at a very high level. Raw materials 
are comfortable at present, this being particularly the 
case with scrap, improving deliveries coming forward 
regularly from both home and Continental sources. Iron 
ore is also fairly satisfactory, so that pig-iron and steel- 
ingot outputs are maintaining the improvement achieved 
during the past few months. The demand for steel, from 
home and overseas buyers, remains encouraging, while 
home requirements are consistently strong. Shipbuild- 
ing, locomotive and wagon building, and power-plant 
manufacture are absorbing large tonnages of plates, 
sections, and bars. The re-rolling industry is receiving 
better supplies of billets and sheet bars, but even capacity 
production at most works is failing to make much impres- 
sion on order books, which remain healthy. Sheet- 
makers are exceedingly busy, and, in the lighter gauges, 
the gap between supply and demand tends rather to 
widen than to diminish. Heavy mills are also operating 
at high pressure, and fresh business is readily forthcoming 
to maintain order books well filled. Colvilles Ltd. have 
announced plant extensions calling for an expenditure of 
4,100,0001., divided almost equally between the Clyde 
Iron Works and the Glydebridge Steel Works. At the 
former a battery of 68 coke ovens will be constructed to 
double the capacity in order to supply the three blast 
furnaces, which have an average weekly potential pro- 
duction of about 12,000 tons of pig iron. At Clydebridge, 
two additional 300-ton tilting furnaces to take liquid pig 
iron will be built, along with new soaking pits, a large 
stripper bay, and a new bay for handling slabs intended 
for rolling at other works of the Colville group. The 
extensions are planned for final completion by 1951. 

Scottish Coal.—Fresh-wrought coal was scarce for a 
number of consumers immediately following the May 
holiday last week, but supplies are now resuming their 
normal levels. The final closing of Hillhouserigg and 
Fortissat Collieries appears to have been accepted 
realistically by the miners concerned, and the migration 
scheme, of which these closures were only the beginning, 
may well gather momentum from now on. Last week 
some 85 per cent. of the miners affected at the two pits 
agreed to take up alternative work in developing areas. 
Although labour conditions generally are more settled 
the rate of production remains below the standard neces- 
sary to attain the target of 500,000 tons a week. 





NOTES FROM THE SOUTH-WEST. 
CaRbDIFF, Wednesday. 


The Welsh Coal Trade.—Owing to failure to agree on 
price and other conditions governing quantities already 
arranged, imports of French pitwood into South Wales 
will be interrupted. Meeting in London recently, 
Welsh importers and French exporters could not reach 
agreement and decided to defer discussions for a month. 
The pite, however, are not likely to suffer as there are 
good stocks of timber on hand. The output of opencast 
coal in South Wales has continued to expand and the 
latest figures available, covering the last week in April, 
show that, in that period, a record production was 
established. The total op t coal produced was 
34,000 tons, of which 13,800 tons were anthracite. In 
March, the opencast sites in South Wales exceeded their 
target production by no less than 31 per cent. It was 
announced that a number of small sites had been proved 
in Pembrokeshire though no decision had yet been 
taken as to whether they would be worked or not. 
Trading has remained extremely difficult on the steam- 
coal market throughout the past week. Supplies have 
continued scarce and existing bookings were already 
sufficient to ensure no easing in the present tight position 
over the next month or so. Inland demand has shown 
no material falling off and, with the bulk of outputs 
earmarked to meet these requirements, there seemed 
little prospect of any early expansion in allocations for 
shipments. It has been reported in the past week that 
the existing programme for Italy which was for supplies 
to June, has been extended to cover the rest of the year. 
Under this arrangement, Italy, which has always been 
an important market for Welsh coals, receives a couple 
of cargoes a month. Deliveries to Portugal and France 
proceeded along steady lines and there was some business 
for South America. Trade with Eire was small, however, 
and only limited quantities were going to the near 
continental countries. Bunker supplies were difficult 
to secure, while patent fuel was in keen request and well 
sold forward. 

Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates was good but 
the transactions were not large, as makers had little more 
to sell for the current period. In the export market, 





conditions were difficult in regard to supplies. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Raw materials for the steel trades 
are in adequate supply, but although melting furnaces 
are operating fully there are persistent scarcities of the 
higher qualities of steel, notably the high-carbon varieties, 
in sheet and bar form. Heavy iron foundries are well 
booked, but the light foundries could deal with much 
more business in builders’ ironwork. Heavy steel 
foundries, re-organised and undergoing re-equipment, are 
well booked on home and overseas orders. Good business 
is being done in oil-well plant and equipment for the 
Near East, and in oil-refining plant for shipment abroad 
and for home use. A special effort is being made to 
facilitate the completion of orders for gas-purification 
plant and for gasholders for various gas undertakings in 
this country. Makers of lattice-steel bridges in this 
area are making good progress with the construction of 
bridges for shipment to several overseas destinations. 
There is activity in the making of huge excavators for 
opencast-mining sites and other purposes; close touch 
is kept with the American firms from whom licences to 
manufacture the excavators have been obtained. Davy 
and United Ergineering have opened a school for youths 
at their Darnall Works, where the first six months of a 
five-year apprenticeship will be spent. The boys forming 
the first class are 15 years old and are from local schools. 

South Yorkshire Coal Trade.—The production after 
the holidays has been restored to its old level, and 
several pits have exceeded their target outputs. Demand 
is very strong all round; all industrial steams are in 
eager request, and there is a constant call for locomotive 
hards for the railways. Coking coal is in slightly 
improved supply, and the make of hard coke is being 
maintained. Gas coke is in plentiful supply. The move- 
ment of gas coal is satisfactory, and the demand strong. 
House coal is slow and there are considerable surpluses 
of inferior grades which move very slowly. The export 
requirements are fairly heavy, and every available ton 
of prime steams is being shipped abroad. There is a 
steady demand for gas coke for export. Bunkers are in 
keen demand. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The situation in the iron and allied 
trades changes slowly but some movement in a direction 
which is greatly needed can be reported. Supplies of 
raw material are improving gradually. The output of 
the Cleveland ironstone mines, while still much short of 
users’ needs, continues to expand steadily and the 
import of high-grade foreign iron ore, though not yet 
on a scale that copes with the demand, is increasing. 
On the other hand, there is much complaint regarding 
the grave scarcity of pig iron. The shortage of pig, 
however, would be much more serious but for the main- 
tenance of very substantial supplies of iron and steel 
scrap. Large quantities of scrap from Germany are 
coming forward, though the cost of materig] from that 
quarter is considerably higher than the prices ruling 
for tonnages from home sources. There is no easement 
of the extreme pressure for full contract deliveries of steel. 


Foundry and Basic Iron.—Consumers of ordinary 
foundry pig iron still experience difficulty in obtaining 
quantities sufficient for their current needs. The hope 
of the resumption of make in the Middlesbrough district 
appears to have been abandoned. The tonnage distri- 
bution of foundry pig is severely rationed and regular 
users are not receiving their full allocation of quantities 
from iron centres at a distance. The bulk of the foundry 
pig arriving at works between the Tees and the Tyne is 
from the Midlands. There is»no basic iron for sale ; 
producers have to retain the whole of their outputs. 


Hematite, Low-Phosphorus and Refined Iron.—The 
production of East-Coast hematite is eagerly snapped 
up to deal with the urgent needs of local customers, 
while makers of low- and medium-phosphorus irons 
have a ready sale for their outputs. Manufacturers 
of refined iron continue to dispose of their products as 
they become deliverable. 


Manufactured Iron and Steel.—Semi-finished and 
finished iron branches of the industry are well employed 
and the work in hand, together with the inquiries circu- 
lating, promise the continued steady activity of plants 
for some time. Steel producers’ embarrassingly heavy 
delivery obligations are holding up new business. Steel 
semies are becoming less scarce than of late, but, while 
re-rollers are now obtaining from home producers and 
from Continental firms parcels that about cover actual 
current requirements, larger deliveries would be accept- 
able. Billets and sheet bars are still in strong request. 
The demand for all descriptions of finished steel continues 
far in excess of production. An outstanding feature 
of the present situation is the enormous export demand 





for black.and galvanised sheets. Rail, plate and sheet 
mills are operating to capacity limit. 





NOTICES OF MEETINGS. 


I? is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








ELECTRODEPOSITORS’ TECHNICAL SociteTy.—Monday, 
May 16, 6 p.m., Northampton Polytechnic, St. John- 
street, Clerkenwell, E.C.1. “‘ Anodising: Investigations 
on the Anode Film and Its Formation,” by Mr. W. N. 
Bradshaw and Dr. 8. G. Clarke. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, May 17. 
5.30 p.m., Great George-street, Westminster, S.W.1. 
“The New Hawkesbury River Railway Bridge, New 
South Wales, Australia,” by Major-General A. C. 
Fewtrell. 

INSTITUTE OF REFRIGERATION.—Tuesday, May 17, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park, 8.W.1. ‘“‘ The Use of Refrigera- 
tion for Low-Temperature Applications in War Time,” 
by Mr. John A. Stonebanks. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
May 17, 5.30 p.m., Apartments of the Geological Society, 
Burlington House, Piccadilly, W.1. ‘“‘ The Fabrication 
of Chemical Plant in Stainless Steel,” by Mr. A. C. 
Branch and Mr. J. L. Sweeten. 

Royat Socrery or ARTs.—Wednesday, May 18. 
2.30 p.m., John Adam-street, Adelphi, W.C.2. Aldred 
Lecture on “ Scientific Information Services,” by Pro- 
fessor Sir Alfred C. Egerton, F.R.S. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Southern 
Centre: Wednesday, May 18, 6.30 p.m., Wedgwood 
Café, Albert-road, Bournemouth. “ Tidal Power and 
the Severn Barrage,” by Mr. H. Headland. North 
Midland Studenis’ Section: Saturday, May 21, 2.30 p.m., 
Yorkshire Electricity Board, 1, Whitehall-road, Leeds. 
Annual General Meeting. 

INSTITUTION OF WORKS MANAGERS.—London Branch : 
Wednesday, May 18, 6.45 p.m., Waldorf Hotel, Aldwych, 
W.C.2. “ Running the Small Factory,” by Mr. A. H. 
Huckk. 

INCORPORATED PLANT ENGINEERS.—Western Branch : 
Wednesday, May 18, 7.15 p.m., The Grand Hotel, Bristol. 
“ Safety Requirements for Electrical] Installations Within 
the Scope of the Factory Act of 1947,” by Mr. H. G. 
Frampton. Liverpool and North Wales Branch: Thurs- 
day, May 19, 7.30 p.m., The Liverpool Engineering 
Society, 9, The Temple, 24, Dale-street, Liverpool. 
(i) “‘ The Use of Steam for Preserve Manufacture,” by 
Mr. J. P. Harris. (ii) “‘ Adjusting the Load Balance on a 
Multi-Cylinder Diesel Engine,” by Mr. R. Peach. 

INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, May 19, Apartments of the Geological Society, 
Burlington House, Piccadilly, W.1. Annual General 
Meeting. 4 p.m., Business Session (Open to members 
and students only). 5.15 p.m., Presentation of awards 
and Presidential Address, by Mr. W. A. C. Newman. 

RoyaL Socrery.—Thureday, May 19, 4.30 p.m., 
Burlington House, Piccadilly, W.1. (i) “‘ Plastic Defor- 
mation of Silver Chloride I. Interna] Stresses and the 
Glide Mechanism,” by Mr. J. F. Nye. (ii) “ One- 
Dimensional Dislocations I and II,” by Mr. F. C. Frank 
and Mr. J. H. van der Merwe. 

SocreTy OF CHEMICAL INDUSTRY.—Road and Building 
Materials Group: Thursday, May 19, 6 p.m., Gas 
Industry House, 1, Grosvenor-place, Westminster, S.W.1. 
Annual General Meeting, followed by Joint Meeting with 
the INSTITUTION OF HIGHWAY ENGINEERS. Symposium 
on “The Surface Dressing of Roads,” (i) “Machinery for 
the ‘Surface Dressing of Roads,” by Mr. D. B. Waters. 
(ii) “ Aspects of Application Which Are the Special 
Problem of the Highway Engineer,” by Mr. C. B. Tobitt. 

INSTITUTION OF PRODUCTION ENGINEEFS.—London 
Section : Thursday, May 19, 7 p.m., The Royal Empire 
Society, Nortbumberland-avenue, W.C.2. (Craven-street 
entrance). Presentation of awards by the President, Dr. 
H. Schofield. Lecture on “‘ Modern Aspects of Centreless 
Grinding,” by Mr. A. Scrivener. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—London 
Section: Thursday, May 19, 6 p.m., Londen Schoo) of 
Hygiene and Tropica] Medicine, Keppel-street, W.0.1. 
“Blectronics in Heavy Industry,”” by Dr. W. Wilson. 





Srmmon ENGINEERING GROUP EXHIBITION.—An exhi- 
bition of models, photographs, etc., of machinery and 
large contracts undertaken by member firms of the 
Simon Engineering Group is being held at the Group's 
offices at Simon House, Stratton-street, London, W.1, 
and will remain open for an indefinite period. The firms 
have contracts in hand in many countries throughout 
the world, their work including flour- and provender- 
milling plant ; granaries and mechanical]-handling equip- 
ment; coal, coke and chemical plant ; boilers and power 
stations; gears and the retreading of pneumatic tyres. 
The exhibition is normally restricted to visitors by invi- 





tation, but bona fide inquirers May apply to the above 
address. > 
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EXHIBITS AT THE BRITISH INDUSTRIES FAIR, BIRMINGHAM. 


(For Description, see Page 437.) 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection existe between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMp ce Bar 3663 and 3664. 


AH editorial correspondence should be addressed 
to the Editor and all other correspondence to the 





Accounts are payable to “‘ ENGINEERING,” Ltd. 

should be crossed “‘ The National Provincial 

» Limited, Charing Cross Branch.” Post Office 

Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 





ADVERTISEMENT RATES. 


& 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all SS regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” ‘Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 248. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for ali classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy ” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves nsible 


for advertisers’ blocks left in their possession for more 
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ENGINEERING INVENTION. 


Art various times during the past 20 or 30 years, 
in which science and its applications have 
rapidly acquired the status of a first-class power 
in world affairs, it has been seriously suggested 
that the pursuit of pure scientific research should 
be halted for a period, to provide a sort of breathing 
space for industrial applied science and engineering 
to get abreast of fundamental discovery. As often 
as it was made, of course, any such suggestion 
was vigorously opposed and its impracticability, and 
the improbability of its agreed adoption on a global 
scale, are too obvious to have escaped those who put 
forward the suggestion, however sincerely they may 
have felt it was desirable. On the other hand, it is 
beyond dispute that a great accumulation of basic 
scientific knowledge and derived technical facts is 
very far indeed from having been completely 
exploited. Indeed, there is no foreseeable likeli- 
hood of anything otherwise, if only because the 
expansion of technical industry, human standards 
of living and the ingenuity of mechanical invention 
are not only boundless, but carry within themselves 
the seeds of fertile future development. This, how- 
ever, does not mean that they can or will be achieved 
without effort. In so far as technical progress truly 
advances the well-being of the human race, it is 
undoubtedly worth a great deal of effort. Equally 
certainly, it warrants a corresponding amount of 
thought to ensure that the effort shall be expended 
efficiently and directed to objectives and problems 
of outstanding merit or urgency. 

Such considerations were never more important 
than they are to-day on both sides of the Atlantic 
Ocean. The English-speaking peoples have an 
enviable record, extending over hundreds of years, 
of inventiveness and technical progress, of which a 
notable instance is the relatively recent, phenomenal, 
growth in Britain and the United States of industrial 
research purposefully directed towards achieving on 
a vast scale the same sort of thing as was done by 
a few talented individuals a century or so ago. 
Since the inventive genius has been a product of 
every age he probably comprises to-day not a 
markedly higher proportion of our population than 
in the past. The increase in his numbers is certainly 
incommensurate with the increase in the effort 
devoted to scientific research and the invention 
whereby its results are practically applied. Conse- 


inculcate in industrial experimenters generally, and 
engineers in particular, as much as possible of the 
mental outlook and attributes which the successful 
inventors of all times have enjoyed intuitively. 

A generous measure of the qualifications to fulfil 
that need enabled Dr. E. G. Bailey to present to the 
Institution of Mechanical Engineers, on April 22 
last, a very stimulating James Clayton Lecture to 
which a brief reference was made on page 399, ante. 
Dr. Bailey, who is a past-president of the American 
Society of Mechanical Engineers, has not only had 
numerous opportunities, in the course of a long and 
distinguished career, of studying, using and criticis- 
ing mechanical-engineering inventions and their 
originators, but is himself a talented and (which is 
not always synonymous) successful inventor of 
industrial meters and automatic control gear for 
steam boilers. Surveying his own experience, which 
started at an early age in his father’s sawmill and 
later included a great variety of scientific tests on 
different kinds of boilers and combustion equipment, 
he emphasised the value of understanding the pro- 
blems involved in hand-firing coal, and of appreciat- 
ing the difficulties confronting the fireman, as a 
preliminary towards designing instruments capable 
of indicating quantitatively what had hitherto been 
largely a matter of judgment or prejudice. It is 
encouraging to infer from Dr. Bailey’s early tech- 
nological training that any degree of natural aptitude 
towards invention can be fostered by education, 
and helped by contact with the operatives upon 
whom, in the last resort, the success of any scientific 
application ultimately depends. Quoting from a 
footnote in H. G. Wells’s “‘ Outline of History,” 
Dr. Bailey remarks on the fact that nearly all the 
great English inventors of the Eighteenth Century 
were working men, and that inventions proceeded 
from the workshop, not from the laboratory. 

But that basic type of invention, which created 
industries, was opening up undeveloped territory. 
To-day a great deal of once virgin ground has been 
intensively cultivated, and the bulk of modern 
engineering invention must be aimed at improving 
the efficiency of established industry, which com- 
monly calls for advanced engineering knowledge. 
While this by no means implies that invention from 
the workshop is at an end, it does suggest that the 
laboratory has an increasingly important part to 
play. The most productive combination, as the 
research engineer knows full well, is that of labora- 
tory and workshop; and just as the workshop of 
the Eighteenth-Century inventor was, in fact, a 
practical laboratory, so, to-day, no engineering 
laboratory is complete without close contacts and 
testing facilities in the workshop. 

Wherever invention originates, it needs, for success, 
to be preceded by thoughtful preparation, and Dr. 
Bailey’s appreciation of that essential. was often 
emphasised in his lecture, the avowed purpose of 
which was “‘ to clarify the process of creative think- 
ing in the hope that a great many more people may 
apply their talents and abilities to continue more 
actively the progress already made as a result of 
inventions of the past.” His advocacy of straight 
thinking, observation of unusual natural phenomena, 
orderly memory and the analysis and selection of 
scientific facts, will not be disputed ; but he might, 
without fear of contradiction, have included a sound 
knowledge of fundamental scientific principles and 
laid even more stress than he did on the exercise 
of imagination. The former would have prevented 
much waste of time over inventions of the “ per- 
petual-motion ”’ type, since, as Dr. Bailey remarks, 
‘wishful thinking will never result in a desired 
answer if it is contrary to the laws of nature ;” 
the latter is the foundation of creative work and 
bears directly on the incentives towards invention. 
Without creative imagination, the need for new 
products, processes and services, which Dr. Bailey 
lists foremost among the motives underlying past 
inventions, could hardly be realised at all, while 
the incentive towards improvement differs only in 
degree. It is worth remarking, however, that the 
need for improvement in engineering devices is 
most clearly apparent only to those who make use 
of them, and that a valuable contribution to the 
advancement of technical industry can be made by 
workmen and managements who bring problems to 
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Dr. Bailey has deliberately omitted financial 
gain as a primary incentive to invention, regarding 
it partly as incidental to the results of technical 
success but mainly as being no more than rarely the 
motive behind a useful discovery. By so doing he 
tacitly condemns the invention, or rather innovation, 
introduced solely for the sake of being different, 
or for its value as a “‘selling point’ backed by 
extravagant claims. The line of demarcation 
between a mere “gadget”? and a worthwhile 
improvement, however, is not easily drawn. A 
great deal depends on the conditions under which a 
device is used and the mentality of the user, and 
examples can be easily envisaged of improvements 
to engineering products that are simply not worth 
incorporating because of the increased first cost 
and maintenance, or the trouble they entail in use. 
While Dr. Bailey has by no means neglected the 
economic aspects of invention, he might have 
emphasised with advantage to the rising genera- 
tion of inventive research engineers that, however 
perfect a device or improvement may be technically, 
its justification and widespread adoption depend 
on its being economically successful in the face of 
competition from alternatives and the circum- 
stances of its use in service. 

In arguing the need for increased impetus towards 
invention in the basic industries, Dr. Bailey reviewed 
the characteristics common to the inventive minds 
of the past, among which he noted particularly an 
accumulation of knowledge, served by a good 
memory and a capacity for hard work and sustained 
thought. “‘The best procedure towards solving 
the more intangible and difficult problems,” he said, 
was to ‘“‘ keep them in mind, realising that there are 
some missing links, but being always on the look-out, 
ready to grasp the needed answer should it flash into 
mind as the result of an observation or chain of 
thought leading from an entirely different pheno- 
menon.” His forceful statement that “invention 
and a 40-hour week are strangers” applies with 
equal force and truth not only to the mental solution 
of the problem, but to the experimental testing and 
development of the outcome. Often, to these 
qualities, must be added persistence and courage in 
surmounting difficulties and failures, while a talent 
for convincing others that the invention is sound, 
timely and profitable makes al) the difference 
between achievement and frustration. Instinct or 
judgment as to the opportune invention of a new 
device or process can be of the utmost importance 
Telative to its reception in practice or the state of 
Telated sciences upon which it may be dependent 
for essential materials or cheap methods of manu- 
facture. Both in these respects, as well as in the 
preliminary search for a technical solution, the 
sifting-out of engineering facts can be most valuable 
if done judiciously. Dr. Bailey went so far as to 
assert that it can be of equal value to the invention 
to which it leads, but elsewhere he cautioned against 
“*too much work in the library ” as liable to be dis- 
couraging or distracting. The most rewarding 
assembly of scientific facts is evidently that due to 
experimental research, backed by just enough study 
of previous work to ensure that major factors are 
taken into account and well-established ground-work 
is understood. 

One of the ways in which such experimental work 
can incidentally prove of enduring value lies in the 
invention of new methods of measurement. Few 
devices within this category are without applica- 
tions over a considerable range of similar research, 
and many are capable of being developed for com- 
mercial use. Dr. Bailey, whose own inventions 
have mainly been in the field of instrumentation, was 
undoubtedly right in predicting ample scope for 
extensive development in all such directions. Of 
the other principal avenues for invention, he ex- 
pressed the opinion that “the greatest oppor- 
tunities for future needs and useful developments 
lie within the field of processing, not only new chemi- 
cal compounds, but also iron, steel, cement, insulat- 
ing and building materials, refractories, gas from 
coal, and heat from coal for purposes other than 
those now considered possible.”” Transport, in view 
of man’s already extensive achievements, offers 
nothing completely new except the conquest of 
interstellar space, but is capable of plenty of ter- 
restrial improvement. 








THE MAUDSLAY 
SCHOLARSHIP. 


In their observance of the Scriptural injunction to 
“praise famous men,” the public in general have 
always shown less than justice to the pioneers 
of engineering; but they have the excuse that 
engineers themselves have been deplorably backward 
in recognising publicly the merits of their own 
most outstanding fellows. The Whitworth Scholar- 
ships were not founded to commemorate the name 
of Sir Joseph Whitworth; it is generally known, 
of course, that he established them himself by a 
gift of most munificent and far-sighted generosity. 
If he had not done so, however, it is probable that 
any memorial that his fellow engineers and indus- 
trialists might have raised in his honour would have 
been worth, at most, 1 per cent. of the value of his 
Scholarship fund. Most of his contemporaries or 
near-contemporaries, who assisted to build the 
British engineering industry, are not commemorated 
at all in any way that keeps their personalities and 
their work in the minds of succeeding generations 
of engineers. James Watt is a notable exception 
and, in more recent times, Sir Charles Parsons 
provides another; but the average engineer of 
to-day is probably less well equipped to write 
even the briefest biographical note on John Smeaton, 
Bryan Donkin, Sir William Fairbairn or Robert 
Napier than on Charles Dickens or Sir Walter Scott, 
and the frequency with which members of the 
Newcomen Society are asked, by engineers, why 
the Society is so called, shows clearly how little they 
know of the real ‘‘ father ’’ of steam engineering. 

Until recently, Henry Maudslay, too, was among 
the great company of the neglected. His name 
was not entirely unknown, especially among the 
older marine engineers who remembered the famous 
works of Maudslay, Sons and Field at Lambeth, 
and those who had studied Samuel Smiles with 
diligence usually connected him in some nebulous 
way with the invention of the slide rest. To the 
majority of engineers of to-day, however, he is 
little more than a name; to be vague about the 
details of his life, or even totally ignorant of much 
of his pioneering work in bringing precision into 
everyday workshop practice, was no matter for 
concern and, emphatically, nothing to be ashamed 
about. A most instructive lesson on the ignorance of 
average and otherwise intelligent engineers in this 
respect was to be obtained among the historical 
exhibits displayed by the Machine Tool Trades 
Association at the Machine Tool Exhibition last 
year, by standing for a while to hear the comments, 
evoked by the placard on which was set out the 
“* Genealogical Table of Early English Machine Tool 
Builders showing the Great Influence of Maudslay.” 
In his own lifetime, as a note on that diagram 
observed, ‘‘ His workshop was the pride of the 
country and his example greatly influenced all who 
came in contact with him ”’ ; with the disa rance 
in 1900 of the firm and the works that he founded, 
and the gradual thinning of the ranks of those who 
remembered them, Maudslay himself was in some 
danger of an eclipse comparable with that of 
Newcomen in an age of internal-combustion engines. 

That fear, however, was not prominently in the 
minds of the small band of engineers who, in May, 
1942, founded the Maudslay Society ; theirinitial urge 
was the laudable but not remarkably distinctive one 
of organising periodical luncheons to be enjoyed by 
those who had been trained or had worked in the 
office and shops of Maudslay, Sons and Field, 
which had vanished from the London scene 42 years 
before. At their very first meeting, however, it 
was realised from the smallness of their number 
and the patently high average of their years that, 
in the not very distant future, there would be no 
one left who could speak from personal recollection 
of the historic establishment where they had learned 
their craft. To them, within the walls of the 
Lambeth Works, Henry Maudslay’s name was 
still one to conjure with ; tools that he knew and 
had worked with were still there to be seen and 
handled, the house in which he had lived for 21 years 
was part of the offices, drawings bearing his name 
were still filed among the archives of the business, 
models that he had known (and one, at least, that 


. 





was reputed on Nasmyth’s authority to be of his 
own making) were there to impress the visitor and 
set a standard of fine workmanship for the employee. 
To those 15 or 20 founders of the Maudslay Society, 
Maudslay’s was still a vivid personality. They 
resolved to keep it so for future generations of 
engineers, so far as lay in their power, and thus 
was conceived the idea which now, after seven years 
of quiet work, has resulted in the establishment 
of a Maudslay Scholarship. 

Behind the simple announcement of the fact by 
the President of the Maudslay Society (Colonel C. F. 
Hitchins, D.S.0., M.I.Mech.E.) at the luncheon 
which followed the annual general meeting in the 
Waldorf Hotel, London, on Friday last, May 6, 
there was a long record of discussions, formal and 
otherwise, and canvassing among possible supporters 
of the scheme. Two of the most ardent promoters— 
E. G. Izod, of impact-test fame, and Walter T. Dunn, 
whose fertility of mind was almost an embarraas- 
ment in the attempt to crystallise something out 
of the various competing schemes brought forward 
for consideration—died before any finality was 
reached regarding the form of the proposed 
memorial ; and several others did not live to see the 
Scholarship actually established. The provision 
of an adequate endowment in a time of high taxation 
and general financial stringency was a serious 
problem ; greatly relieved, however, by the liberality 
of Messrs. Maudslay Motors, Limited—an entirely 
separate firm, though founded by a direct descendant 
of Henry Maudslay. Gradually the funds accumu- 
lated, in hard cash and in subscriptions under deeds 
of covenant, until they reached a total which 
justified an approach to the Ministry of Education 
for advice and approval, and the lodging of the 
capital in the hands of the Charity Commissioners. 
There remained the question of the agency through 
which the award should be made, and this was 
settled a few weeks ago by enlisting the co-operation 
of the Junior Institution of Engineers, which began 
in the works of Maudslay, Sons and Field, 65 years 
ago, as an association of that firm’s apprentices. 

It was a cardinal principle of the originators of 
the scheme that the conditions of the award should 
be as simple and as flexible as possible, and this 
principle has been maintained in the rules governing 
the award, which is to be made by selection, entailing 
no ad hoc examination and imposes no specific restric- 
tion on the manner in which the money—100l. for 
one year, with the possibility of extension in suitable 
instances—is to be spent by the recipient. To be 
eligible, a candidate must be a British subject of 
not more than 25 years of age and must be an en- 
gineer, or training to become an engineer, wholly 
or mainly in mechanical engineering. Subject to 
the approval of the Committee of the Maudslay 
Society and the Council of the Junior Institution of 
Engineers, he may devote the award to the further- 
ance of his technical education, to the purchase of 
books or instruments, to the broadening of his 
experience by pursuing his studies or his engineering 
activities in other countries or in any other manner 
appropriate to the general purpose of the award. 
If, as is hoped, the establishment of the Scholarship 
stimulates the flow of subscriptions sufficiently, the 
amount of the award may be increased at some 
future date or additional awards may be made ; it 
may be noted, in this connection, that the honorary 
treasurer of the Maudslay Society and of the 
Maudslay Scholarship Foundation is Mr. W. H. A. 
Robertson, M.I.Mech.E., and that his address is 
Lynton Works, Bedford. Other inquiries regarding 
the Scholarship should be addressed to the secretary 
of the Junior Institution of Engineers, 39, Victoria- 
street, Westminster, London, S.W.1. 

As a man and as an engineer, Henry Maudslay 
was an outstanding character; one who could 
‘‘walk with kings, nor lose the common touch,” 
unspoiled by a success which might well have 
turned the head of a lesser man, and, as the too- 
scanty annals of his life make abundantly clear, one 
whose personal qualities influenced and inspired his 
workpeople and associates to the end of their days. 
Whether he ever did, in fact, ‘‘ walk with kings ” 
has not transpired, but Nasmyth records that the 
then Duke of Northumberland was among the host 
of his friends, which is no negligible testimonial to 
the sometime blacksmith of Woolwich Arsenal. 
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NOTES. 


MECHANICAL ENGINEERING RESEARCH IN SCOTLAND. 

THE principal aims of the new Mechanical Engin- 
eering Laboratory, which is being established by the 
Department of Scientific and Industria] Research at 
East Kilbride, near Glasgow, are to assist industry 
to make more efficient use of engineering materials 
and improved methods of design; and to provide 
basic data in advance of the immediate needs of the 
practising engineer, so that he can proceed with 
promising new developments without delay or undue 
risk. Much of the research to be undertaken will 
be new. There is, for example, no hydraulic 
machinery laboratory in this country, which com- 
pares favourably with those in the United States and 
Switzerland. One of the first buildings to be 
erected at East Kilbride will, therefore, be devoted 
to this subject and will contain water in sufficient 
quantity to give a flow capacity of 50 cusecs. This 
water will be used over and over again in connection 
with studies on the behaviour of incompressible 
frictionless fluids and on the mechanism of boundary- 
layer flow, turbulence and fluid friction. Reduced 
scale models will be employed for testing pumps 
and turbines with air or water as the working 
medium. The building will also be equipped with 
apparatus for the accurate calibration of fluid flow 
meters. Similarly, there is no laboratory in the 
world which is entirely devoted to the subject of 
heat transfer. A special building for this purpose 
is, therefore, to be erected during the first Due of 
development ; and here the basic problems common 
to such types of plant as turbines, internal-combus- 
tion engines, boilers and condensers, heat exchangers 
and a wide range of chemical apparatus will be inves- 
tigated. Work willstart during the next few months 
in temporary accommodation at Thorntonhall, a 
few miles from East Kilbride, on lubrication and 
machining research, while subsequently investiga- 
tions will be inaugurated on fatigue, creep, the 
mechanics of solids (stress and vibration), mechan- 
isms and engineering metrology, and the mechanics 
of formation, as, for example, in the pressing of 
motor-car bodies. 


Tue Royat AERONAUTICAL Socrety, 


The Royal Aeronautical Society’s annual garaen 
party was held in idea] weather last Sunday, May 8, 
at the White Waltham Aerodrome, near Maiden- 
head. It was the first since the grant of a Charter 
of Incorpor&tion by H.M. the King, and was charac- 
terised by a successful effort to recapture some of 
the atmosphere and enthusiasm of the early fliers 
and pioneers. No fast or large machines were 
present, most of those on view or giving demon- 
strations being of the small civilian or club types, 
drawing attention, by their relatively low-powered 
engines and slow speeds, to aspects of aviation 
which are now often overlooked. Many of the 
aircraft, including some military examples, were 
several years old or more. Some were of historical 
interest, but their manceuvrability was recalled by 
fly-past demonstrations and aerobatic displays. 
Among the machines taking part was a Cierva 
Autogiro, a Hawker Hart, a Miles Sparrowhawk, 
a Percival Gull, and an Avro Tutor. The demon- 
strations also included a parachute jump, and short 
flights by a rebuilt model of the Blériot monoplane 
used for the cross-channel trip in 1909, and by a 
Deperdussin monoplane built in 1911, and used in 
the Hendon Flying School. The function was con- 
cluded by a balloon ascent ; the balloon was of a 
type used in the latter part of the Eighteenth 
Century and was piloted by Mr. Charles Dollfus, 
with Dr. H. Roxbee Cox, the President of the 
Society, as passenger. After a flight lasting about 
20 minutes, the balloon descended safely near 
Windsor. 


THe OLp CENTRALIANS. 


The 39th annual dinner of the Old Centralians— 
the association of former students of the City and 
Guilds (Engineering) College and the Finsbury Tech- 
nical College—was held on Monday, May 9, at the 
Grocers’ Hall, Princes-street, London, E.C.2, the 
President, Mr. C. E. R. Sams, being in the chair. 
The toast of ‘‘ The Old Centralians and the City and 








Guilds College’ was proposed by Admiral of the 
Fleet Sir John Cunningham, who said that he had 
seen three wars, during the first of which science was 
little in evidence. During the 1914-18 war, on the 
other hand, there had been a colossal advance both 
in aeronautics and in wireless, partly because purse- 
strings had been loosened; and this had been 
followed by steady progress during the years of 
peace. In 1939 it was recognised that the war just 
commenced was going to be a scientists’ war ; 
evidence of which was the incredibly short time 
taken to find answers to Hitler’s ‘‘ unanswerable ” 
weapons. The members of the City and Guilds 
College had played their part in this work and he 
wished to thank them on behalf both of the Armed 
Forces and the civilian population. The value of 
science and engineering was fully recognised in the 
Navy. In particular, they found the City and Guilds 
examinations very useful in giving ambitious men a 
chance to fit themselves for civil] life. In reply, the 
Dean of the College (Professor 0. A. Saunders) said 
that, in spite of the many changes which had taken 
place in the staff, curriculum and buildings during 
the past two years, the College was in no danger of 
losing its reputation of giving the best possible 
training in the principles of engineering science. 
Although practical training was not the responsi- 
bility of the College, it had been agreed that a 
student should serve for twelve months in works 
between the second and third years. Although the 
authorities were reluctant to impair the quality of 
the intake they had agreed to increase the numbers 
by 15 to 20 per cent., so as to provide for the needs 
of industry and for the requirements of the new 
third-year and specialist courses. The President, 
who also replied, said that the membership of the 
Old Centralians was increasing and now amounted to 
about 1,800, which was a high proportion of the 
total number of old students. The toast of “‘ The 
Guests” was proposed by Mr. H. J. B. Harding. 
Dr. F. A. Freeth responded. 


RESEARCH FOR THE FvuEL INDUSTRIES AT 
Lzeeps UNIVERSITY. 


Laboratory and full-scale investigations of a pro- 
cess for the removal of organic sulphur compounds 
from crude coal gas have given some measure of 
sucess, but the catalysts so far employed have had 
a limited life. The development of suitable cata- 
lysts for the process is an important part of a 
research programme undertaken by the Joint 
Research Committee of the Gas Research Board and 
the University of Leeds, and, it is stated in the 
report of the Department of Coal Gas and Fuel 
Industries, with Metallurgy, of the University, for 
the session 1946-47, that considerable expansion 
of the work in the laboratory has taken place in 
this direction. The report is that of the Livesey 
Professor, Dr. A. L. Roberts, and it was presented 
to the Coal Gas and Fuel Industries Committee of 
the University on June 22, 1948, and subsequently 
published ; a copy reached us last week. Another 
research concerns the catalytic synthesis of methane 
and it is stated in the report that tests on a semi- 
commercial scale methane-synthesis plant of the 
Gas Research Board, at Bournemouth, have shown 
that catalysts suitable for this process can now be 
prepared without difficulty. For economic reasons, 
however,.it is unlikely that methane synthesis will 
be practised in the immediate future, and direct 
work on the process has been suspended in conse- 
quence. In the coal, coke and coal-tar research 
section Mr. (later Dr.) Z. K. A. Moszynski has com- 
pleted his studies on the blending of Yorkshire coal 
with peat, and has been able to show that, by 
normal carbonisation, blends of this nature could 
provide reactive cokes suitable for domestic and 
industrial use. In the metallurgy-research depart- 
ment, Mr. K. J. Irvine is investigating the factors 
governing the penetration and precipitation of 
sulphides and similar compounds in steel. In 
refractories research, considerable progress has been 
made with the isolation of the principal clay mineral 
in fireclays and with the determination of its specific 
properties. In co-operative work with the British 
Refractories Research Association (now the British 
Ceramic Research Association), Mr. R. W. Grimshaw 
and Professor Roberts have continued their work on 
the fundamental changes which occur in siliceous 





materials during prolonged exposure at high tem- 
peratures, In the chemical-engineering research 
department under Dr. J. 8. Forsyth’s supervision, 
Mr. A. Sen has continued his investigations into the 
possibility of drying gases by adsorption at relatively 
high temperatures. 


Tue Lonpon AssocriaTION OF ENGINEERS. 


Sir Ewart Smith, M.A., M.I.Mech.E., occupied the 
chair at the anniversary festival held by the 
London Association of Engineers at the Connaught 
Rooms, London, W.C.2, on Friday, May 6, to mark 
the 97th year of the Association. The Rt. Hon. 
G. E. Strauss, P.C., M.P., Minister of Supply, 
proposing the toast of ‘The Engineering Indus- 
try,” referred to important work now being under- 
taken to extend the range of standardisation of 
components with a view to eliminating waste 
of the nation’s resources. Sir Ewart Smith, he 
said, was engaged, with Sir Ernest Lemon, on this 
work. As Minister of Supply, he made a point of 
regularly visiting industrial establishments, so 
that he could keep in direct touch with those 
engaged in production. He found that the engineer- 
ing industry was ‘‘on its toes”; it was, in fact, 
responsible for 35 per cent. of the country’s exports. 
He believed in the minimum, of Government restric- 
tions. Some controls were essential and would be 
for some time, but he looked forward to their 
progressive removal. Sir Frederick Handley Page, 
C.B.E., responding to the toast, expressed his 
conviction that industry must bear the responsi- 
bility for training engineers surplus to its require- 
ments. to meet the needs of the Armed Forces. 
Modern war equipment required the services of 
many skilled engineers and craftsmen, and they 
could only be trained properly by the engineering 
industry. He thought that the need to-day was 
for more engineers with practical minds, and fewer 
scientists. He agreed that university-trained men 
were essential in the industry, but great 
could accrue from a modicum of scientific know- 
ledge if there were sufficient practical men engaged 
on its application. Sir Ewart Smith, proposing the 
toast of the Association, read a telegram conveying 
the thanks of H.M. The King for the Association’s 
loyal message on the occasion of its 97th anniversary. 
Referring to productivity, he said he believed that 
the greater productivity of the United States was 
due primarily, not to harder work, but to better 
engineering and psychology ; not to more science, 
but to more application. He was apprehensive 
about direct appeals from the top to the lower levels 
in industry, and thought that the appropriate 
method was to inform everyone of the proper 
relationship between rights and duties. Sir Stafford 
Cripps had set a target of a 2} per cent. increase 
in productivity per annum, but Sir Ewart believed 
a higher figure could be achieved. This country 
was grateful for United States aid, but would not 
be happy until it stood on its own feet again. 
Among the other speakers, Lieut.-General Sir 
Frederick Wrisberg, K.B.E., C.B., Director of 
Munitions Supplies, referred to the problem of the 
maintenance of equipment in the Forces. He 
appealed for equipments “which would go on 
working whatever we do to them.” 





INSTITUTION OF ENGINEERS-IN-CHARGE.—The 44th 
annual dinner of the Institution was held at the Holborn 
Restaurant, London, W.C.2, on Friday, May 6. The 
chair was taken by the President, Sir William Larke, 
K.B.E., D.Sc., who, after proposing the loyal toasts, 
referred to the energy and enterprise of the steel] industry, 
and to the danger of being too complacent under the 
restrictions and controls inherited from the war years. 
The toast of “‘ The Institution ” was proposed by Sir 
Stanley Goodall, K.C.B., O.B.E., who said that the 
status of the engineer was higher in the United States 
than in the United Kingdom, and said that one of the 
objects of the Institution was to help engineers to take 
a greater part in administration, and to win more 
recognition for their work. Sir William Stanier, F.R.S., 
M.1.Mech.E., the vice-president of the Institution, pro- 
posed “ Our Guests and Friends,” to which Dr. 8S. F. 
Dorey, C.B., F.R.S., responded. Mr. A. Sinclair, chair- 
man of the Institution, in proposing the toast of “‘ Our 
President,” also thanked Capt. Arthur Penn for his work 
in the 37 years during which he had been secretary. The 
address of the Institution is St. Bride’s Institute, Bride- 
lane, Fleet-street, London, E.C.4. 
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LETTERS TO THE EDITOR. 


THE METRIC SYSTEM. 
To THE EprTor oF ENGINEERING. 


Sir,—I was interested to see the letter from Mr. 
Crookshank sent from Tongshan, where I was 
stationed 40 years ago. Mr. Crookshank, of course, 
is quite correct in saying that Chinese units 
of measurement vary locally and by trades, but he 
does not mention that the rulers, from time imme- 
morial, have made efforts to standardise them and 
even to form a consistent system. In the writings 
known as Huai Aan-tzu, a collection made in the 
Second Century B.0., there is stated a system of 
linear measurements, weights, lengths of pitch 
pipes, and times, and Wang Mang in the First 
Century a.p., endeavoured to introduce standards. 
Throughout the annals similar attempts are recorded, 
but the Chinese never took well to the enforcement 
of regulations. 

Adverting to the metric system, I am at a loss to 
understand the-resistance to this, since any one who 
has had experience of both systems cannot possibly 
overlook the superiority of the metric system in 
practice. This is not only due to the decimalisation 
but to the convertibility of measurements for length, 
area, volume and weight, which eliminates all the 
fancy coefficients with which hydraulic calculations 
in English units are cumbered. Electrical engineers 
already use the metric system; chemists (not 
pharmacists) use it; physicists almost always 
employ it. In fact, the only real objection to it is 


the difficulty of changing over. 
Yours faithfully, 
4, Belgrave-road, HERBERT CHATLEY. 


Grosvenor, Bath. 
May 2, 1949. 





To THE Eprror oF ENGINEERING. 

Sir,—The letter dated January 20, published in 
your issue of April 29, page 400, from Mr. C. K. 
Crookshank, who had just received your issue of 
October 1, 1948, is of much interest. The postal 
system in China is apparently imperfect as here. 
The Chinese, according to Mr. Crookshank, are “‘ the 
most practical and yet the most resistant to foreign 
ideas, of any people.” Britons have always had 
much in common with the Chinese, who are also 
very truthful and gentlemanly. 

It is interesting to note the similarity of conditions 
in France 160 years ago and in China to-day. In 
France there were over 100 systems of measurement 
and in China there are apparently as many. It took 
France more than 50 years to get the metric system 
even understood, and more than a century to get it 
partly adopted. In both countries the introduc- 
tion of the metric system coincided with revolution ; 
95 per cent. of the people in both countries did not 
understand the metric system, did not want it, and 
could not have voted for it with any intelligence, 
but it was forced upon them by a tyrannical minority 
posing as a democracy. 

Mr. Crookshank’s letter is too long for detailed 
Teply, but as one who has used the metric system 
for 40 years, and argued against its universal adop- 
tion for 30 years, I feel competent to say that he has 
not apparently grasped all the facts. He argues 
against the “third” as unnatural. But the bees 
use hexagonal partitions in their honeycombs, the 
trisection of a semicircle is a simple schoolhoy’s 
amusement, the trinity is a very old tradition in 
theology, in Roman Law, in our “‘ widow’s thirds,” 
in an ideal committee which can never deadlock, 
in a tripod, a trivet, a three-bolt flange, and in the 
three-card trick. There are other reasons, why 
three and seven are useful divisions, which make the 
universal compulsory use of decimals a pedantic 
obsession of unpractical academic ideologists. 

Yours faithfully, 
Ware, H. S. RoweE.t. 
May 3, 1949. 





To THE Epiror oF ENGINEERING. 
Sm,—Mr. C. K. Crookshank, in his letter pub- 
lished in your issue of April 29, refers to the many 
shortcomings of the British system of weights and 
measures and the advantages to be gained by adopt- 


ing the metric system ; and no one will dispute the 
fact that there are both shortcomings that should be 
removed and advantages to be found. This being 
the case, he asks why the British continue to fight 
a Tearguard action to protect a “‘ comic-opera ” 
system, and suggests that it is because we are the 
die-hard slaves of tradition. In his finding here, 
however, he is far from the truth: practical men 
do not deny themselves the chances of gain merely 
for the sake of tradition. Mr. Crookshank cannot 
have considered the matter very deeply, otherwise 
he would have found the correct answer, which is 
that the system he advocates has serious defects 
that more than counterbalance the advantages that 
would result from its adoption: the advantage 
gained by using the same system for both counting 
and measuring must be offset against the still 
greater disadvantage due to the inherent defects 
in any system based on the number 10. This 
subject has been more fully aired in the corres- 
pondence that started with my letter which you 
were good enough to publish in your issue dated 
November 5, 1948, page 448. 

To remove 10 from its ill-gotten pedestal at this 
restless epoch of World history would require 
something more than an atomic bomb: but—let 
there be no mistake—there is no alternative if a 
practical as well as a simple system of weights and 
measures is to be found. The duodecimal system 
offers the most pratical solution known and I would 
refer those interested to the publications of The 
Duodecimal Society of America and books on the 
subject by George S. Terry, F. Emerson Andrews 
and others. 

The third, according to Mr. Crookshank is not a 
‘natural subdivision” ; it would be interesting to 
have his explanation of the popularity of the 
30 deg. and 60 deg. set square, the dividing of the 
day into 6 watches and 3 shifts, the dimensions of 
the common brick (2:3: 6) and the frequent use 
of the factor 3 in steel and timber frameworks. The 
third is undoubtedly one of the most common and 
useful of the fractions, yet it is degraded to the 
rank of a repeating decimal in the system advocated 
by Mr. Crookshank, a fact that tends to prevent full 
use being made of it. 

Yours faithfully, 
J. Hatcro JOHNSTON. 
Orphir House, 
Orphir, 
Orkney. 
May 5, 1949. 





THE IRON AND STEEL 
INSTITUTE. 
(Continued from page 428.) 

WE continue below our report of the recent 80th 
annual general meeting of the Iron and Steel 
Institute, and now propose to deal with the second 
and third papers on the agenda on Wednesday 
morning, April 27. 

PRESSURE METER FOR OPEN-HEARTH FURNACE. 

The second paper bore the title “‘ An Electrical 
Pressure Meter for the Measurement of Open-Hearth 
Furnace Differential Pressures.” It was by Mr. 
8. S. Carlisle and Mr. B. O. Smith and described a 
sensitive electrical meter developed in the physics 
laboratories of the British Iron and Steel Research 
Association for the measurement of open-hearth 
furnace differential pressures (0 to + 0-1 in. water 
gauge). The design and construction of the instru- 
ment was such that it could be installed close to 
the measuring point on the roof of the furnace ; 
thus, the errors normally arising from buoyancy 
effects in long pressure pipes were eliminated. It 
was specifically designed for remote indication, the 
pressure-differential being measured in terms of an 
electric current, which could be indicated or recorded 
on a normal moving-coil meter situated at any 
distant position. The operating principle was that 
the force on a freely-mounted diaphragm, resulting 
from the applied differential pressure, was auto- 
matically balanced by the force developed by a 
current-carrying coil moving in a fixed magnetic 
field. At equilibrium the current in the coil was a 
direct measure of the force produced, and thus of 








the applied pressure. This “null” method of 








measurement ensured a high stability of calibration 
of the instrument, and freedom from wander of the 
zero reading. 

Mr. R. C. Baker, who opened the discussion, said 
that the meter described by the authors should 
enable true comparisons to be made between the 
furnace pressures used in different melting shops. 
The use of an electronic device, however, might lead 
to difficulties in the maintenance of the equipment, 
especially in a small works. The average works 
electrician had very little knowledge of electronics. 
The next speaker, Mr. I. M. D. Halliday, emphasised 
that the value of the authors’ instrument lay in that 
it was differential, in other words, it was able to 
measure the difference between two small gas 
pressures. The last speaker, Dr. A. H. Leckie, 
said that no one would question the ingenuity and 
merit of the instrument described in the paper, but 
the real question was to what extent the existing 
instruments were unsatisfactory, and the reason for 
this. The instrument makers were well aware of 
the inaccuracies in the present systems and, of 
course, they knew how to remedy them, but, so far, 
there had not been a demand, on the part of users, 
for the attainment of that degree of accuracy which 
the average research worker would like to see. In 
view, however, of the growing importance of 
automatic control and the fact that a very small 
change indeed in the furnace pressure could alter the 
air infiltration enormously, to an extent which 
nullified any efforts at air/fuel ratio metering, it was 
now realised that a very high degree of accuracy was 
necessary. The fact that, now, an operator measured 
a furnace pressure of, say, 0-05-in. water gauge, 
and added to it 0-03 in. for buoyancy correction 
and gave the result as 0-08 in. was not good enough. 
The chief point in bringing the paper forward 
was to show that it was possible to measure pressure 
very much more accurately than had been thought 
necessary hitherto, and that it was important to do 
so. In view of the advanced hour, the President 
asked the authors to reply in writing. 


GasEs anp Non-METALLIC INcLUSIONS IN STEEL. 


The ‘First Report of the Gases and Non- 
Metallics Sub-Committee ’’ was the last contribution 
on the agenda on Wednesday morning. As is 
customary in reports of this kind, the contribution 
consisted of a number of sections, in this case six, 
each of which was by an authority on the particular 
subject dealt with. The report was presented by 
Mr. W. W. Stevenson, of Messrs. Dorman, Long and 
Company, Limited, chairman of the Sub-Committee, 
while other members, Mr. G. E. Speight, of the 
United Steel Companies, Limited, and Mr. T. E. 
Rooney, of the National Physical Laboratory, 
summarised various sections of it. In his introduc- 
tion to the report, Mr. Stevenson stated that the 
broad function of the Sub-Committee, which was the 
successor of the old Oxygen Sub-Committee, was 
to investigate the production of better-quality steel 
from the standpoint of gaseous and non-metallic 
inclusions. This to include methods of determina- 
tion and identification of these inclusions and 
studies of the processes by which they were formed. 
Part II of the report was headed “‘ The Determina- 
tion of Oxygen in Liquid Steel by the Aluminium- 
Killed Bomb Method,” and was by Mr. G. E. 
Speight, who stated that this method, which had 
previously been examined by Dr. T. Swinden and 
Mr. W. W. Stevenson, consisted of taking a sample 
of liquid steel from a furnace in a sampling device, 
or bomb, in which the sample was allowed to solidify, 
on withdrawal from the furnace. The bomb 
consisted of two internally hemispherical mild-steel 
parts, which were slotted and clamped together, 
forming a spherical container with a small upper 
opening. For sampling, a crumpled ball of alumin- 
ium wire occupied the entire volume of the bomb 
and a tightly-fitting metal cap, previously pressed 
out to the correct shape, covered the top opening 
of the bomb. The cap was melted when the bomb 
was plunged through the slag into the steel bath 
and the bomb became filled with liquid steel. A 
long rod was fitted to the clamping ring to insert 
the bomb in the furnace for sampling purposes. 
The main object of the investigation had been to 
study the reproducibility of the oxygen result 
determined by gravimetric, nephelometric, and 
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vacuum-fusion methods. In the nephelometric 
method, the photo-electric cell measurement of the 
depth of turbidity due to insoluble alumina in a 
solution was obtained by the acid decomposition of 
the steelsample. The results had indicated that the 
bomb method could be applied to liquid-steel baths, 
either acid or basic, at all stages throughout the 
working of the heat. Reproducibility of results by 
gravimetric analysis was good and that of nephelo- 
metric results only slightly inferior, the variations 
in the nephelometric results being due largely to 
the characteristics of the different absorptiometers 
used in this method. 

Part III dealt with ‘‘The Determination of 
Hydrogen in Liquid Steel,” and was by Mr. G. E. 
Speight and Mr. R. M. Cook. These authors gave 
a detailed description of two methods used in the 
laboratories at Stocksbridge. The first, the “‘ sealed 
mould,” method, consisted of a closed sampling 
tube in which account was taken of the hydrogen 
evolved from the sample during cooling. The second 
method, the ‘‘ chilled pencil,” was an open tube in 
which the sample was rapidly cooled. From both 
types of sample the hydrogen was extracted by 
vacuum heating at 750 deg. C. The authors 
added that the hydrogen contents of basic open- 
hearth casts were, in general, higher than those of 
basic electric or acid open-hearth casts, average 
figures being 8 ml. per 100 grammes for basic open- 
hearth, and 6 ml. per 100 grammes for basic electric 
arc. Parts IV, V and VI of the report were by 
Mr. T. E. Rooney, and described the results of co- 
operative examinations of a manganese-molybdenum 
steel, a nickel-chromium steel and billets from a mild- 
steelingot. In all three cases, micrographic examin- 
ations, and oxygen determinations by the vacuum- 
fusion, fractional vacuum-fusion, aluminium-reduc- 
tion, and the chlorine and alcoholic-iodine residue 
methods had been made. In the manganese- 
molybdenum steel the principal oxide inclusions 
were found to be two types of silicate, namely 
rhodonite and tephroite. In addition, manganese 
sulphide was also present. In the nickel-chromium 
steel it appeared that the oxygen-bearing inclusions 
were mainly of the manganese-silicate type contain- 
ing a portion of tephroite, while the presence of some 
manganese silicate, probably of the rhodonite type, 
was also indicated. In the mild-steel billets, the 
principal inclusions were found to be silicates of 
manganese with some manganese sulphide. 

The discussion on the report was opened by Mr. 
A. J. K. Honeyman, who considered that the 
authors had established the usefulness of the sealed- 
mould method while it was to be doubted whether 
the chilled-pencil method could give any reliable 
indication of the hydrogen likely to be contained 
in a solid ingot. He added that perhaps the most 
difficult and one of the most important problems 
to be tackled by the Sub-Committee was that of 
inclusion counts and he invited their comments 
on this. The next step for the Sub-Committee to 
take should be the examination of a sufficiently 
large number of casts of the same composition to 
enable a statistical examination to be made first of 
the cause of the variability in hydrogen content 
and, secondly, of its effect on the quality of the 
ingot and of the finished steel. The only other 
speaker, Dr. H. A. Dickie, said that in an ingot, 
silicates acted in a manner very different from 
sulphides. Sulphides tended to remain in small 
particles having poor coalescing power, and they 
accumulated in number rather than in size in the 
last portion of the ingot to solidify. Silicates, on 
the other hand, had a high coalescing power and were 
moved about in a very different manner. This, to 
some extent, accounted for the differences found in 
this examination between sulphides and silicates. 
Taking the matter to its conclusion, silicates rose 
in the steel but some fell and if this continued for a 
sufficient length of time the lower and upper 
portions of an ingot would contain many inclusions 
and the middle portion would be free from them. 
This, however, was far from being entirely true 
and to solve the problem much detailed research 
would have to be carried out. At this stage of the 
Pp ings the President closed the discussion and 
asked the authors to reply in writing. The meeting 


THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Continued from page 426.) 


On Thursday, April 7, which was the second day 
of the 1949 Spring Meeting of the Institution of 
Naval Architects, two papers were read and dis- 
cussed at the afternoon session. The first of these, 
on the buckling of deck plating, was reported in 
last week’s issue of ENGINEERING. The second 
described ‘“‘A Light-Alloy Cross-Channel Ship 
Design,” and was presented by Mr. E. C. B. Corlett, 
M.A. It dealt with work carried out by him as 
holder of the 1946-48 research scholarship awarded 
by the Aluminium Development Association and 
administered on their behalf by the Institution of 
Naval Architects. A summary of the paper is 
given below, and is followed by a report of the 
discussion. 


DesiGn For Ligut-ALLoy Cross-CHANNEL VESSEL. 


The. alloy assumed by Mr. Corlett as the hull 
material for his ship was A.M.6 in the STA/7 Series 
Schedule of Alloys and contains 5 per cent. of 
magnesium in the soft condition. As it hardens 
with hot rolling, he suggested that a small amount 
of hot rolling might be desirable. A.W.10 (a 
magnesium-silicon alloy) was selected for frames 
and beams. The weight is about 168 Ib. per cubic 
foot, but the cost per ton is about eight or nine times 
that of mild steel, the Young’s Modulus is only 
about one-third that of steel, and, at present, the 
alloy cannot be welded satisfactorily under shipyard 
conditions. A cross-channe] vessel was chosen as 
the type for investigation because, in this type, 
the cost of machinery and equipment isa large part 
of the total cost and the proportion might be reduced 
appreciably if the loaded displacement were reduced 
by the use of light alloys. The riveted-steel ship 
used as a basis was 350 ft. long, 47 ft. moulded beam, 
26 ft. moulded depth, and 12 ft. 1 in. draught 
moulded, with a loaded displacement of 2,845 tons. 
The hull weight was 1,110 tons and the machinery 
weight 615 tons. The usual strength calculations 
were made in the sagging condition, with no water 
ballast, but full-load conditions ; and in the hogging 
condition, similarly loaded, but with no oil fuel, 
galley coal, or reserve feed water on board. The 
calculations for the steel ship assumed the steel 
to have an ultimate tensile strength of 30 tons per 
square inch, but, for the light alloy, only 17 tons 
was taken. Two alloy designs were worked out, one 
with a deck thickness of 0-47 in., as against 0-30 in. 
for steel, and the other, taking into account the wood 
deck, with 0-30-in. deck plating. Both allowed 
for a moulded beam of 45 ft., the draught moulded 
being 10 ft. 3 in. for the first case and 10 ft. 2 in. 
for the second. The respective displacements were 
1,980 tons and 1,951 tons ; the hull weight, 485 tons 
and 456 tons ; and the machinery weights, 490 tons 
in each case. It was calculated that the light-alloy 
ship would cost 60,0001. to 62,000/. more to build, 
but would show an extra net profit in service of 
about 4,300/. per annum. 

Mr. A. R. Mitchell, M.B.E., M.C., who opened the 
discussion, pointed out that aluminium alloys 
were highly electro-positive with respect to other 
metals, such as brass and steel, and asked what 
material the author had considered for the pro- 
pellers and shaft brackets, also, whether the author 
considered that the working of the ship in a seaway 
would be sufficient to cause fatigue and embrittle- 
ment of the hull structure, in view of his statement 
that aluminium alloys were work-hardening ? 
Referring to some ships which had deckhouses of 
aluminium, he asked whether, in view of the protec- 
tion afforded by the natural formation of aluminium 
oxide, the painting of the deckhouses would be 
necessary. Lead-base paints could not be used for 
painting aluminium. In the shipyards, the alu- 
minimum might be given a coat of oxide as protec- 
tion, but, when ships went abroad, it might not be 
possible to ensure that lead-base paints would not 
be used. In Sir Alfred Yarrow’s paper, presented to 
the Institution in 1895, concerning the construction 
of a French torpedo boat, attention was directed to 





then adjourned for luncheon. 
(To be continued.) 





embrittlement due to working ; excessive corrosion 
due to galvanic action between aluminium and 


copper; that the two great enemies of aluminium 
were heat and alkalis; and that paints applied to 
aluminium should not contain bodies such as lead, 
tin or copper, which would have a direct chemical 
action on the metal. A unique case of corrosion 
due to galvanic action was instanced by Sir Alfred— 
that of a sailing yacht built of aluminium, moored 
near another boat, the bottom of which was cop- 
pered; both vessels were fastened to the same 
post by means of chains, and the bottom nearly 
fell out of the aluminium boat. 

Mr. W. Muckle, M.Sc., said that, while the ‘‘ soft ” 
properties of the A.W. 6 alloy would be adequate for 
many purposes, the increase in the proof stress pro- 
duced by cold working increased the elastic range 
and increased the buckling stress. The soft alloys 
did not buckle within the elastic range at the lower 
span-thickness values; thus, if it were possible to raise 
the buckling strength by cold work, it was desirable to 
todoso. The problem of elastic instability was im- 
portant ; but it might often happen, particularly with 
the lower-strength alloys, that the increase of thick- 
ness required for strength might be more than ade- 
quate to provide elastic stability. Corrosion in oil 
tankers was serious when light spirits were carried. 
Light alloys seemed to be more resistant than steel] 
to that type of corroeion and this application might 
be worth investigating. The author was right in 
having chosen as his example a ship which would 
show a large economic benefit in using light alloys. 
Where the structural weight was a large proportion 
of the total weight of the ship, the effect was the 
greatest ; where that was also coupled with high 
power, as in a cross-channel ship, the effect was 
again greater. It seemed that Mr. Corlett had been 
conservative in regard to working stresses, but that 
was a good thing at the present stage. It did not 
necessarily follow that the reduction in structural 
weight would result in a reduction of bending 
moment. That confirmed some of Mr. Muckle’s 
own werk on a coaster, where the bending moment 
in the sagging condition was not greatly reduced, 
but, in the hogging condition, an appreciable differ- 
ence occurred. As however. the hogging bending 
moment was generally greater than the sagging, it 
was possible to adjust scantlings accordingly. 
He believed, with the author, that the effect of 
the wood deck was very considerable in respect of 
buckling ; but he was not certain that he would 
include the wood in the section-modulus calculation 
for either the steel or the light-alloy ships. The 
stress was transmitted to the wood by the shear of 
the bolts or studs, and a very small amount of play 
in the holes would be sufficient to relieve the wood 
entirely of stress. 

Referring to a table giving details of the stee] and 
alloy ship designs, he referred to the reduced block 
coefficient and prismatic coefficient in the alloy 
designs, and recalled a paper by Professor Havelock 
on “The Theory of Heaving and Pitching ”* in 
which one important conclusion was that the 
majority of the damping of those two motions was 
due to surface wave-making. Mr. Muckle believed 
that, if the ends of a ship were fined, the amount of 
surface disturbance would be much less, and conse- 
quently, a ship with a finer block or prismatic 
coefficient would have much less damping coefficient, 
in so far as pitching was concerned, at any rate. 
Thus, in synchronous conditions with regard to 
waves, the ship with the finer block coefficient might 
show much greater pitching, due to the lower 
damping coefficient. On those grounds, some might 
object to the reduction of block coefficient, and he 
asked if there were any other solution. 

Dr. E. G.West asked if Mr. Corlett had considered 
the use of special sections in place of the standard 
sections, which he believed had been used throughout 
the design of the vessel. Aluminium alloys could 
be produced to special profiles much more easily 
than could steel; in fact, many sections could be 
produced by extrusion which could not be produced 
by rolling. That facility meant that the metal 
could be disposed in the best positions to give the 
most efficient structure, and he believed Mr. Corlett 
might have attained even greater savings and, 
therefore, greater efficiency in his ship had he used 
special sections for some of the members. More 











* Trans. I.N.A., vol. 87, page 109 (1945). 
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large-scale experience with light alloys in ships was 
desirable ; but there was a great deal of large-scale 
experience with the alloys in other fields, a certain 
amount of which could profitably be used by naval 
architects investigating improvement in ship 
efficiency by using the lighter materials. 

Mr. G. L. R. Watkins, commenting on the author’s 
statement that the work-hardening alloys should 
be in the soft condition for cold flanging, said that 
the heat-treated alloys, in the solution-treated 
condition, were also amenable to flanging without 
trouble. Dealing with the reference to the resistance 
of the alloys to abrasion by coal, coke, ete., he said 
that probably the main reason for their resistance to 
abrasion by such materials was that they were not 
subject to attack by sulphur compounds. With 
regard to corrosion in tankers, in a recent paper Mr. 
J. Lamb, of the Anglo-Saxon Petroleum Company, 
had given some staggering figures representing 
the costs of repair of bulkheads, the figure being 
about 120,000/. over a period of seven years. Alumin- 
ium alloys were being tested under sea-going condi- 
tions in a tanker, and, should it be proved that they 
would resist attack by light oils, then, in spite of 
their high cost, they might well fit in as part of the 
tank structure. Barges were mentioned as a type 
of vessel for which light-alloy construction might 
be fundamentally unsuitable. Much depended on 
the economic factor, however; a large number of 
barges were being built completely of aluminium 
alloy for shipment abroad. Obviously, transport 
charges entered into the problem and it was proved 
that the use of such materials for building barges 
was economically sound. In regard to stress limita- 
tions, the author had compared steel of 30 tons per 
square inch ultimate tensile strength with aluminium 
alloy of 17 tons per square inch. This was not really 
a fair comparison, for the 17 tons for the alloy was a 
minimum figure, whereas the 30 tons for steel, 
according to Lloyd’s Rules, was not a minimum ; 
thus there was a considerable margin in favour of 
the steel. He asked whether, in considering the 
structural design, the author had considered the 
deflection of the ship as a whole. The deflection 
would vary inversely as the moment of inertia and 
Young’s Modulus, and it was possible that, unless 

against, the deflection would be greater 
than that of a steel vessel; that might affect con- 
siderably the watertightness of the riveted joints. 

Mr. R. J. Daniel, R.C.N.C., asked for the author’s 
views on the behaviour of aluminium under fatigue, 
such as his ship would undoubtedly experience in a 
seaway. He also asked what was the maximum 
length of aluminium-alloy plate likely to be available 
with a width of, say, 6 ft. or 8 ft. and, say, 0-55 in. 
thick. If a plate of that sort could be supplied up 
to a length of 40 ft., this would be important, 
but he rather doubted it. He felt that, in any strake 
of plating in an aluminium ship, there would be more 
joints than in the equivalent steel ship. In riveting 
aluminium, more care was necessary than with 
steel ; it was necessary to bolt alternate holes, put 
a reamer through each hole before riveting, clean 
out the holes, and put zinc chromate or zinc oxide 
on the surface. Further, if a 5 per cent. magnesium 
alloy were used for the rivets and the thickness 
of the plating necessitated driving the rivets hot, 
they must be given very careful heat treatment. 
If it were naturally-ageing material, one heat 
treatment was sufficient, but if it were artificially 
aged, two were required. Rivets of the American 
aluminium alloys, containing magnesium chromium, 
and silicon, and perhaps a little copper, had to be 
heat-treated in the shipyard to get them in the 
soft condition and then kept cold in a refrigerator 
until they were used, because they would age-harden. 
The extra labour costs, extra material costs, and the 
trouble that would have to be taken in riveting alu- 
minium would increase the total cost considerably ; 
the extra cost above that of the steel ship would be 
more like 50,0001. than the 25,0001. to 27,0001. 
mentioned in the paper. The care which would 
have to be taken to prevent electrolytic action in 
the aluminium ship would also put up costs greatly. 
Where there was heat, it was necessary to take 
special precautions in aluminium ships; _ boiler 
uptakes or Diesel-engine exhausts would have to 
be of steel, and their connection to the aluminium 
structure would have to be considered carefully. 





They would have to be galvanised, and he was not 
happy about the effect of the high temperatures on 
the galvanising. If the economics of welding were 
put on a reasonable basis, and piece rates were not 
so ridiculously high, it would be possible to produce 
a cheaper ship in steel. 

Mr. J. Burton Davies felt that some speakers had 
gone rather far in assuming that a ship of the nature 
discussed in the paper could be built at all. There 
was as yet no service experience of aluminium in 
strength members and the problems involved in 
riveting plates of the thicknesses involved were 
still under investigation. The problem of riveting 
would have a great influence on the use of the 
materia] for oil tankers ; it was difficult enough to 
secure oil-tightness in those ships when using steel. 
In making assumptions for the stress limitation, did 
the author feel justified in turning the formula for 
the maximum permissible stress, p = 5 (00+ 1) 
for steel into the formula for aluminium simply in 
the ratio of the tensile stresses ? The stee] formula 
was based on practical experience rather than 
theoretical considerations, and so far there was no 
similar experience on which to base such a formula 
for aluminium. The deflection of the hull of the 
aluminium ship would probably be large and might 
cause trouble with the shaft bearings. Further, in 
connection with the structural particulars given in 
an appendix, the scantlings of frames and beams had 
been determined solely on a stress basis ; surely the 
deflection must be given consideration there, and 
the inertia of the section was likely to be an impor- 
tant factor. Finally, on the general design, he 
questioned the advisability of reducing the beam by 
2 ft., in view of the lack of weather-deck space. 

Mr. T. Jaroszynski emphasised the importance of 
the economic aspect. There appeared to be a 
general impression outside the light-alloy industry 
that the price of the finished materials could be 
considerably reduced. The problem of corrosion 
seemed to be solved satisfactorily at slight expense 
in mechanical properties, by reducing the copper 
content. There was some difference of opinion on 
the two sides of the Atlantic as to what copper 
content was to be accepted, but no doubt the experi- 
ments now being made would show which opinion 
was better justified. At the same time, the mechani- 
cal properties of light alloys were steadily improving, 
and it was likely that that trend would continue. 
Agreeing that, in determining light-alloy scantlings, 
the elastic stability and deflection were often over- 
riding factors, he felt, however, that greater deflec- 
tion of members such as frames, beams and bulkhead 
stiffeners, must be judged by their performance in 
service. He doubted whether the increase of bulk. 
head deflection by 50 per cent. would give satisfac- 
tory results in practice. No reference had been 
made to the effect of greater hull deflection on the 
machinery ; there was also the effect of the differ- 
ence in coefficient of thermal expansion between 
light alloy and steel. The watertightness of a 
riveted steel lap was achieved by the combination 
of factors such as the contraction of the hot rivet 
when it cooled, caulking, and the rusting up of small 
leaks. In light alloy, when rivets were driven cold, 
no rusting was to be expected ; it was necessary to 
rely to a great extent on the compound applied to 
the faying surfaces before riveting. Although such 
a joint was quite satisfactory in small boats, trouble 
must be expected in larger vessels, where also much 
thicker plates would have to be joined. When the 
number of rivets replaced annually in steel ships 
was realised, and the demands for additional 
caulking in deep tanks, etc., what would be the 
situation in an alloy ship? It was also found in 
practice that difficulties were experienced in driving 
cold §-in. aluminium rivets, which were recom- 
mended for plate 0-4 in. to 0-45 in. thick; the 
problem would have to be solved either by the 
development of special tools or by the adaptation of 
hot riveting. 

Mr. P. 8S. W. Swahey, as a metallurgist, supported 
Mr. Watkins’s remark about the 17 tons per square 
inch ultimate tensile strength being taken as a 
definite minimum for the aluminium alloy. With 
regard to the author’s acceptance of the solution- 
treated A.W. 10 alloy for structural bars, frames 
and beams, Mr. Swahey assumed that he meant the 





fully heat-treated material. He was not clear why 
the deflections for deckhouses and minor bulkheads 
were designed on a stiffness basis, and assumed not 
to be appreciably greater than in the corresponding 
steel structure under a given loading, when, in the 
ease of bulkheads, 50 per cent. more was allowed. 
The maximum size of plate available at the moment 
was 30 ft. long by 6 ft. wide and 1 in. thick. He 
was sure that one or two producers in this country 
would try to produce plates 40 ft. long, if aske« 
for. 

Professor L. C. Burrill thought that Mr. Corlett 
had made a fair and unbiased comparison between 
an alloy ship and a steel ship of the particular type 
he had chosen, and had carried out his calculations in 
sound and workmanlike fashion. One practica! 
problem on which he was engaged under his scholar- 
ship concerned the effect of differential temperature 
gradients in the hull structure, which were very 
important where there were aluminium deckhouses 
and superstructure and a steel hull. He had 
obtained figures of the exact temperatures experi- 
enced in certain ships under very hot sunny condi- 
tions, and would follew up the work by experiments 
in a tank with a model in which the main part of the 
hull was of steel and the superstructure was of 
aluminium, subjecting it to heating so that he 
obtained the temperature gradient. He was also 
doing some excellent work on the bending of beams 
of composite structure, which would give useful 
information concerning the comparison between the 
composite bending theory and actuality. Professor 
Burrill’s only criticism of the design was that too 
fine a ship was chosen. Attempts in the past to 
achieve more speed by fining cross-Channel steamers 
had led, on occasions, to the production of rather 
uncomfortable ships. Some of them, 360 ft. long, 
had had to be fitted with 3-ft. bilge keels, and he felt 
that the author’s ship, of 0-440 block coefficient, 
might be rather uncomfortable in a short sharp sea, 
or if there were a following sea and synchronism 
with the long periods of the wave approach. In 
view of the criticism of the low stress allowances, 
Professor Burrill accepted responsibility for having 
suggested to Mr. Corlett that he should use those 
conservative figures. 

Mr. Corlett said that, with regard to electrolytic 
action between propellers and hull, he could only 
quote the Admiralty report on aluminium alloys 
for naval use, from which it would appear that 
there was not likely to be much difference with 
bronze propellers on an alloy hull and a steel hull. 
Probably it would be best to use the normal protec- 
tive methods in both cases. The deflection of the 
hull of the alloy ship worked out at slightly more 
than twice that of the steel ship. It was difficult to 
say whether that would be acceptable; but it 
would seem bold to say that it was impossible to 
have a ship with a greater deflection than that of 
a normal steel ship. Shafting might be a trouble, 
but that was a matter for the engineers. It was 
possible, as suggested by Mr. Daniel, that the extra 
first cost of the structural material in the alloy ship 
would be much greater than the 25,0001. mentioned 
in the paper; but, if the comparison between the 
two ships were to be fair, the routine production 
steel cross-channel ship could not be compared 
with the first aluminium ship ever built. With 
regard to altering the formula used in the ratio of 
the tensile stresses, he thought that the approach 
was reasonable. He agreed with Mr, Davies that 
there was not enough deck space on cross-channel 
ships ; but, for both ships, the passenger accommo- 
dation was worked out from a complete Board of 
Trade calculation. The criticism in regard to oil 
tankers was valid. Probably, large-scale application 
there would have to wait for welding. He agreed with 
Mr. Swahey that the A.W.10 alloy in the solution- 
treated condition did not satisfy the requirements 
mentioned ; it would have to be fully heat treated. 
The criterion of no extra deflection for deckhouses 
was selected because he had felt that excessive 
deflection in a deckhouse would prejudice consider- 
ably the passenger’s opinion of the vessel in which he 
was travelling. Thanking Professor Burrill for his 
remarks, Mr. Corlett said that he hoped the stress 
limitations adopted in the paper would not be 
considered unusually conservative. 


(T'o be continued.) 
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330-B.H.P. DIRECT-REVERSING 
DIESEL LOCOMOTIVE. 


Ly 1937, Messrs. Robert Stephenson and Hawthorns, 
Limited, Forth Banks Works, Newcastle-on-Tyne, con- 
structed a Diesel locomotive fitted with a direct-revers- 
ing engine and designed for operation in the steelworks 
of Messrs. Thos. Firth and John Brown, Limited, 
Sheffield. It was fitted with a Crossley DRL 4 four- 
cylinder engine developing 140 brake horse-power, the 
power being transmitted to the driving wheels through 
a hydraulic coupling, two-speed gearbox and a jack- 
shat ; it is understood that it was the first Diesel 
locomotive to be provided with a direct-reversing 
engine. This locomotive has been in use now for over 
11 years and in view of the good service given and 
the low maintenance costs during this period, Messrs. 
Robert Stephenson and Hawthorns, Limited, decided 
recently to design other units on similar lines but 
developing higher powers. The first of these has been 
completed at their Newcastle works and is destined for 
service at the Carrington Power Station, Manchester. 

The new locomotive is illustrated in Fig. 1, above, 
from which it will be seen that it is a six-coupled unit 
of straightforward design. Like its predecessor, it is 
fitted with a direct-reversing Diesel engine manufac- 
tured by Messrs. Crossley Brothers, Limited, Openshaw, 
Manchester, 11, but in this case it is of their ERT 6 
six-cylinder type developing 300 brake horse-power at 
750 r.p.m. and 330 brake horse-power on a one-hour 
rating. It is a two-cycle unit having a bore and stroke 
of 7 in. and 9 in. respectively, and is arranged to operate 
on the Crossley exhaust-pulse pressure-charging 
system. In this system, the sudden release of the 
exhaust gases from one cylinder, and the consequent 
rise of pressure in the exhaust manifold, is used to 
prevent the escape of air through the exhaust ports of 
another cylinder. At the same time, the pressure of 
the exhaust gases, by acting through the exhaust ports 
of the cylinder being filled with air, imparts a degree of 
supercharge, and pressures as high as 12 lb. per square 
inch have been recorded on engines using this system 
before the compression stroke has commenced. 

The design of the engine is simple and straight- 
forward, special attention having been paid to accessi- 
bility. The cylinder block and crankcase form a single 
casting but through bolts have been provided to relieve 
the crankcase portion of the casting from direct tensile 
stresses. The cylinder bores are provided with remov- 
able liners while the pistons, which are of the trunk 
type, are tin coated and fitted with both pressure and 
oil-control rings. The crankshaft is machined from 
40-ton carbon steel and is supported by seven steel- 
backed white-metal lined bearings. The scavenge 
pump is situated at the forward end of the engine and 
is of the reciprocating tandem-piston type ; it is driven 
by a separate crankshaft which is bolted to the forward 
end of the main crankshaft through a flanged coupling. 
The fuel pumps also are arranged at the forward end of 
the engine, the pump block being machined from high- 
grade steel. Each element operates on the spill 
principle and it is possible to adjust the timing and the 
output of the individual elements. The cylinder heads 
are cast from a semi-steel alloy and, owing to the fact 
that the engine is of the two-cycle type, they are of 
exceptionally simple design, each being fitted with a 
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fuel valve, an air-starting valve and a relief valve only. 
The fuel valves are of Messrs. Crossley’s own design and 
are arranged so that the nozzles can be renewed 
separately. 

The engine is started and reversed by compressed air. 
the air for this service being supplied by a compressor 
built into the engine and operated from the crankshaft. 
The fuel-pump cross-shaft is driven by a pair of con- 
stant-mesh helical gearwheels arranged at right angles, 
one of which is fitted to the crankshaft and the other 
to the fuel-pump shaft. The air-starting cams for for- 
ward and reverse directions of travel, together with the 
driven helical gearwheel, are carried by a sleeve which 
is splined to the fuel-pump shaft. When reversing the 
engine, the gearwheel and cam assembly is moved 
axially along the shaft thereby bringing the appropriate 
cams opposite the air-starting valves and at the same 
time, rotating the fuel-pump shaft through a slight 
angle owing to the action of the helical gear teeth. 
The compressed air is led to each cylinder head through 
pipes, and each head is fitted with an automatic non- 
return air-starting valve which is operated by the 
pressure of the incoming air. When the engine is 
started, each cylinder, in turn, receives a charge of 
compressed air and the engine is quickly set in motion. 
As previously mentioned, starting air is supplied by an 
engine-driven compressor, and it is stated by the loco- 
motive builders that this equipment is sufficient to 
maintain a pressure of 350 Ib. per square inch in the 
two air receivers during normal shunting operations. 
A petrol-paraffin driven compressor set, however, is 
fitted to the locomotive for initial charging of the 
reservoirs and for emergency use. 

The drive from the engine is transmitted to the 
gearbox through a scoop-controlled Vulcan-Sinclair 
hydraulic coupling fitted with quick-emptying valves. 
The gearbox was designed and manufactured by Messrs. 
Bostock and Bramley, Limited, Stalybridge, for use 
in conjunction with the Crossley engine, and provides 
three speeds in both directions of travel. In general, 
the transmission comprises a right-angle bevel-drive 
input gear ; first- second- and third-speed gear trains ; 
and a final spur-gear drive to the jackshaft. First- and 
third-speed gear trains are engaged by plate clutches 
and the second-speed train by an involute-tooth dog 
clutch fitted with a synchronising or “ baulking ” 
ring which is interposed between the driving and driven 
members and ensures engagement at synchronous 
speed. The clutches for first and third speeds are 
of the multiple dry-plate type and, in order to give 
good accessibility, are fitted externally to the gearbox. 
Each clutch is engaged, and in the case of the second- 
speed clutch, disengaged, by the action of compressed 
air and during the change from first to second speed, 
the third-speed clutch is applied momentarily. This 
application is controlled automatically and assists in 
maintaining the drawbar pull during gear changes. 

The gearcase is of fabricated-steel construction and 
the shafts are carried in roller bearings arranged to 
provide the maximum rigidity. Ball thrust bear- 
ings are incorporated. and the jack shaft is mounted 
in spherical roller bearings held in separate housings 
which form an integral part of the locomotive frame. 
The layshaft gears, together with their bearings, are 
lubricated by a reversible pump, and the final-drive 
gears by splash. The pneumatic control unit for the 
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| gearbox comprises a series of cam-operated air valves 
which are arranged to ensure engagement of the gears 
in the correct sequence. 

The controls are duplicated, and as will be seen from 
Fig. 2 above, which shows the interior of the driver’s 
cab, they are fitted to a pedestal desk. They consist of 
an engine throttle, the gear-change lever, the engine 
starting and reversing handwheel, air-sanding control, 
electric horn and brake lever. Both hand-operated 
and straight air braking systems are fitted, air for 
operating the brakes being taken from the engine 
starting system through a suitable reducing valve. 
The cab is enclosed and, as will be seen from Fig. 1, it 
gives an unobstructed view aH round. Dro 
windows are provided at the cab sides but the 
end windows are fixed, being fitted with hand-operated 
wipers. Comfortable seats with arm rests are installed 
at each side of the cab and no change of position is 
required on the part of the driver whether the loco- 
motive is travelling forward or in reverse. The 
locomotive is fitted with C.A.V. electric-lighting equip- 
ment for illuminating the cab and instruments. The 
lighting system is arranged so that, when in use, the 
head and tail lights are changed over automatically, 
in accordance with the direction in which the loco- 
motive is travelling. The Serck elements for cooling 
the engine and lubricating oil are bolted to headers 
which are built into the body casing and cooling is 
assisted by an engine-driven fan. Other parts such as 
wheels, axleboxes, springs, frames, etc., follow the 
usual practice adopted on heavy industrial-type loco- 
motives. 

As previously mentioned, the locomotive is a six- 
coupled unit. The gauge is, of course, 4 ft. 8} in. 
and the wheels have a diameter of 3 ft. 8 in. The 
length over the buffers is 27 ft. 5 in., the maximum 
width 8 ft. 6 in., and the height 11 ft. 3 in., while the 
weight in working order is 40 tons. The wheelbase is 
10 ft. 6 in., and with thin flanges on the tyres of the 
intermediate wheels, the locomotive will negotiate a 
curve of 176 ft. radius, but with flangeless tyres 
fitted to the intermediate wheels, this radius is 
reduced to 95 ft. The tractive effort is 24,750 lb. at 3-83 
miles an hour, 13,500 Ib. at 7-02 miles an hour, and 
7,800 Ib. at 12-15 miles an hour. During tests, a 
train of 30 loaded coal wagons forming a gross load, 
excluding locomotive, of 832 tons, was started from 
rest with tight couplings on a gradient of 1 in 125, 
and subsequently a first-gear speed of 4 miles an hour 
was reached. A second test was made with a gross 
load, excluding the locomotive, of 400 tons and this 
was hauled easily at 7 miles an hour in second gear ; 
there was not sufficient length of track to permit 
changing into third gear. The tests were carried out 
over a double turn-out on track which was not in 
good condition and as the loads hauled are slightly 
m excess of calculations, the results may be regarded 
as entirely satisfactory. 





uo 

GOVERNMENT MACHINE-TOOL SALES.—The Ministry of 
Supply announce that the machine-tool disposal centres 
in London and at the Daimler No. 2 Factory, Coventry, 
will be closed on June 30, when sales of Government- 
owned surplus machine tools, at fixed prices, are to be 
discontinued. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ THORSTRAND.”’—Single-screw cargo liner, carry- 
ing ten passengers, built by The Burntisland Shipbuilding 
Company, Limited, Burntisland, Fife, for A/S Thor Dahl, 
Sandefjord, Norway. Second vessel of an order for three, 
constructed to maintain the Christensen Canadian-South 
African Line. Main dimensions: 390 ft. by 53 ft. 6 in. 
by 34 ft. 6 in.; deadweight capacity, 6,230 tons on a 
loaded draught of 23 ft. 82 in. Four-cylinder opposed- 
piston Hawthorn-Doxford Diesel engine of 4,400 b.h.p., 
to give a speed of 14} knots, supplied by Messrs. R. and 
W. Hawthorn, Leslie and Company, Limited, Hebburn- 
on-Tyne, and installed by the shipbuilders. Trial trip, 
April 13. 

M.S. “‘ PoLYTHENE.”—Single-screw cargo vessel, built 
by the Goole Shipbuilding and Repairing Company, 
Limited, Goole, for Messrs. Imperial Chemical Industries, 
Limited, London, S.W.1. Main dimensions: 130 ft. by 
25 ft. by 10 ft.; deadweight capacity, 350 tons. Diesel 
engine of 400 b.h.p. at 300 r.p.m., supplied by Messrs. 
Crossley Brothers, Limited, Openshaw, Manchester, 11. 
Launch, April 14. 

M.S. “‘ Carona.”—Single-screw vessel, carrying twelve 
passengers and fruit and general cargoes, built by Messrs. 
William Gray and Company, Limited, West Hartlepool, 
for the Swiss Shipping Company, Limited, Basle, Switzer- 
land. First vessel ofan order fortwo. Main dimensions : 
300 ft. (between perpendiculars) by 46 ft. 10 in: by 27 ft. 
6 in. to shelter deck; deadweight capacity, about 
3,000 tons.on a draught of 18 ft. 9 in.- Five-cylinder 
Sulzer marine Diesel engine of 2,140 b.h.p. at 165 r.p.m., 
supplied by Messrs. Sulzer Brothers, Limited, Winterthur, 
Switzerland. Speed on trial exceeded 14 knots. Trial 
trip, April 21. 

S.S. “ ELISABETH NIELSEN.”’—Single-screw cargo 
vessel, built by Messrs. S. P. Austin and Son, Limited, 
Sunderland, for A/S Dampskibsselskabet Progress 
(Messrs. Marius Nielsen & Sén), Copenhagen, Denmark. 
Main dimensions: 307 ft. (between perpendiculars) by 
45 ft. by 20 ft. 3 in. to main deck ; deadweight capacity, 
about 3,400 tons ou a draught of 19 ft. 1 in. Direct- 
acting triple-expansion engine of reheat design con- 
structed and installed by the North Eastern Marine 
Engineering Company (1938), Limited, Wallsend-on-Tyne, 
and two oil-burning boilers, to give a speed of 13 knots. 
Launch, April 27. 

M.S. “ C. J. HamBro.”—Single-screw tanker, built by 
Messrs. Furness Shipbuilding Company, Limited, Haver- 
ton Hill, County Durham, for Erling H. Samuelsens 
Rederi A/S, Oslo, Norway. First of a series of ten 
similar vessels. Main dimensions: 589 ft. by 80 ft. by 
42 ft. 3 in.; deadweight capacity, about 24,900 tons on 
@ summer draught of 32 ft. 3 in. Six-cylinder opposed- 
piston two-stroke N.E.M.-Doxford reversible oil engine 
of 6,800 b.h.p. at 116 r.p.m. Launch, April 28. 

M.S. “ HAMLET.”—Single-screw oil tanker, built by 
the Blythswood Shipbuilding Company, Limited, Scots- 
toun, Glasgow, for Messrs. Bruusgaard, Kidésterud & Co., 
Drammen, Norway. 
perpendiculars) by 67 ft. by 36 ft. 9 in.; deadweight 
capacity, about 15,400 tons. Four-cylinder two-stroke 
Doxford reversible oil engine of 4,500 b.h.p., supplied by 
Messrs. David Rowan and Company, Limited, Glasgow. 
Launch, April 28. 

M.S. ‘‘ CyPRIAN PRINCE.”—Single-screw vessel, carry- 
ing twelve passengers and citrus-fruit and general cargoes, 
built by The Burntisland Shipbuilding Company, Limited, 
Burntisland, Fife, for the Prince Line, Limited (Messrs. 
Furness, Withy and Company, Limited), London, E.C.3. 
Fourth vessel built for these owners. Main dimensions : 
334 ft. 6 in. by 46 ft. 5 in. by 27 ft. 9 in.; deadweight 
capacity, about 3,500 tons on a loaded draught of 
19 ft. 4 in. Three-cylinder opposed-piston Hawthorn- 
Doxford Diesel engine of 2,240 b.h.p., constructed by 
Messrs. R. and W. Hawthorn, Leslie and Company. 
Limited, Hebburn-on-Tyne, and installed by the ship- 
builders. Speed 13% knots. Launch, April 28. 

M.S. “ STaLAND.”— -screw oil tanker, built by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Wallsend-on-Tyne, for Aktieselskapet Havtank (Messrs. 
Helmer Staubo and Company), Oslo, Norway. Main 
dimensions : 465 ft. (between perpendiculars) by 63 ft. 6 in. 
by 36 ft. 3 in.; deadweight capacity, about 13,620 tons 
on a loaded draught of 28 ft. 14in.; gross tonnage, 8,831. 
Four-cylinder opposed-piston two-stroke Wallsend-Dox- 
ford Diesel engine, of 3,750 b.h.p. at about 100 r.p.m., 
constructed by the Wallsend Slipway and Engineering 
Company, Limited, Wallsend-on-Tyne. Service speed, 
12} knots. Trial trip, April 29. 

M.S. “ British LIBERTY.”’—Single-screw oil tanker, 
built and engined by Messrs. William Doxford and Sons, 
Limited, Pallion, Sunderland, for the British Tanker 
Company, Limited, London, E.C.2. Second vessel of an 

order forseven. Main dimensions: 490 ft. by 61 ft. 9 in. 
by 34 ft. 1 in.; deadweight capacity, 12,250 tons on a 
draught of 27 ft. 74 in. Four-cylinder opposed-piston 
Doxford oil engine of 3,300 b.h.p. Speed on trial ex- 


Main dimensions : 495 ft. (between | Mr. Geo 


LABOUR NOTES. 


Tue dangers of foreign competition and the serious 
consequences to the British shipping industry of risi 
costs are referred to by Mr. F. A. Bates, chairman o 
the Cunard Steam Ship Company, in his statement to 
the shareholders, which was issued recently with the 
company’s annual report. Referring to the coal 
situation as one example of those difficulties with which 
the industry is now contending, Mr. Bates remarks 
that the shipping and shipbuilding industries of the 
country have lost the benefit, which they once enjoyed, 
of obtaining home-mined coal at world prices and 
instances bunker coal which costs 6ls. 3d. a ton in 
New York, compared with 98s. a ton in London. It is 
fortunate indeed for British shipping, Mr. Bates com- 
ments, that, as British coal excludes itself from oversea 
markets and bunker depots by its high price, supplies 
of cheaper coal and oil are being developed abroad to 
take their place. 





How will the shipping industry fare, Mr. Bates 
inquires, if it should be the fate of steel destined for the 
shipbuilding yards to follow coal and become unable, 
from rising prices, to withstand the expected com- 
petition from abroad ? Competition, in general, upon 
the ocean routes will be much keener during the next 
few years and will come from new sources abroad. 
Excessive building costs will constitute a very serious 
handicap to British shipping. The chairman of the 
Cunard Steam Ship Company states that the cost of a 
certain cargo liner of 10,500 tons deadweight, which 
was built in 1925 and which is still in service, was 
167,000. To replace that ship at the present time 
would cost 625,0001., of which 100,000/. would represent 
the cost of improvements in her specification to meet 
competition. A passenger ship such as one of the 
“ Queens,” for example, would cost about 15,000,0001. 
to replace to-day, although the value of each of these 
vessels for the purpose of Government participation in 
insurance against total loss was fixed at fom 5,000,0001. 
to 6,000,000/. last year. 





The damage which the bulk buying and selling of 
many essential commodities does to the shipping 
industry is also pointed out. Inevitably British ship- 
ping costs and cargoes are affected by the fetters which 
are placed on trade by such buyers and sellers. Cargo 
movements, Mr. Bates writes, become spasmodic and 
are the subject, day by day, of feverish news of quotas 
and restrictions, as argument or propaganda suit the 
purpose of bulk buyer or seller. “It is a game which 
no one wins and all men lose. Raw argument and cold 
temper between nations is taking the place of flowing 
commerce between free men. British shipping, like 
Britain herself, has most to lose by injury to inter- 
national commerce.” 





The employment of elderly men was referred to by 

4 rge Isaacs, the Minister of Labour, in a recent 
speech at Bristol. Speaking of the reluctance of 
employers generally to accept men over 45 years of 
age, Mr, Isaacs said that finding suitable employment 
for men aged 55 and over was an even more difficult 
problem. The Minister appealed to employers to 
select at least a portion of their staffs from these older 
men and said that, unless they did so, they might find 
themselves unable to get just the age groups they 
wanted later on. While Parliament ae make the 
employment of a pi ion of the over 45’s compul- 
sory, that would achieve very little. How could an 
employer be made to keep a man, if the employer said 
that he was no good ? © difficulties attending the 
employment of elderly ns, arising from superannu- 
ation schemes and the like, are, of course, well known. 





The income of British Railways from traffic receipts 
showed a further improvement during the four-weekly 
_— ending on April 24, the total amount received 
ing 24,541,000/., an increase by 921,000/. on the total 
of 23,620,0001. for the ing four weeks ending on 
March 27, but adecrease by 878,000. from the total of 
25,419,0002. for the corresponding four weeks of last 
year, which ended on April 18. The most striking 
increase was in passenger fares, which rose from 
6,878,0001., for the four weeks ending on March 27, to 
9,068,0007., for = four —— ending on April 24. 
Receipts from the carriage of parcels by 
train also showed an increase compared with the earlier 
period, but the proceeds from the other items which 
make up traffic receipts all declined during the four 
weeks ending on April 24. For the first 16 weeks of 
the present year, traffic receipts of British Railways 
aggregated 94,091,0001., against 97,569,000/. for the 
corresponding period of 1948. 


Traffic receipts of the London Transport Executive 








ceeded 114 knots. Trial trip, May 5. 





also increased during the four-weekly period ending 


on April 24, the total amounting to 4,492,000I., against 
4,235,000/. for the four weeks ending on March 27, 
an increase of 257,000/. But, as in the case of British 
Railways, the aggregate for the four weeks to April 24 
was considerably below that for the corresponding 
period in 1948, when a total income ot 4,513,0001. was 
earned from traffic receipts. During the sixteen weeks, 
to April 24 last, London Transport earned, in all, 
17,096,000/., against an ate of 17,311,000J. 
during the sixteen weeks onlin on April 18, 1948, a 
fall in revenue of 215,000/. Income from each of the 
Executive’s services, railways, buses and coaches, and 
trams and trolley-’buses, all declined during the first- 
mentioned sixteen weeks. 





An interesting account of the 75 years’ eventful 
history of the United Patternmakers’ Association, to 
the end of 1947, has been published by the Association 
and is on sale at the price of 4s., post free, from their 
offices at 15, Cleve-road, West Hampstead, London, 
N.W.6. The brochure contains some 40 of illus- 
trations, including many excellent examples of wood 
and metal patterns. In 1873, when the Association 
had a membership of 173, patternmakers worked 
54 hours weekly for a wage of 29s. By 1933, there were 
10,098 members and the hours of work had fallen to 
47 weekly, for which a wage of 62s. 6d. plus bonus was 
paid. As an example of recent progress, the Associa- 
tion’s membership of 15,377 in 1947, worked a normal 
week of only 44 hours, for which they received 
51. 19s. 6d. plus bonus, making their average earnings 
over 71. weekly. The wages quoted are for daywork 
only. 





A statement recently issued by the Welsh Board 
for Industry announced that eleven of the factories 
recently built in South Wales were idle, including 
five specially constructed to provide employment for 
partly disabled miners. Unemployment in the area 
had risen to 38,000, and the Board would press the 
Government to take prompt measures for dealing with 
the problem, which had now become acute. It is 
understood that manufacturers who had applied for 
some of the new factories no longer require them owing 
to changes which have taken place in the industrial 

ition since their applications were originally put 
orward. 





Discussions took place in London last Friday between 
officials of the National Union of Railwaymen and the 
Railway Executive on the union’s new claims for an 
all-round increase of 10s. a week, and 25 per cent. more 
pey for Saturday work between noon and midnight. 

ese new claims, if granted in full, are ex to 
increase the wage bill of the Railway Executive by 
15 million pounds in a full year. It is understood 
that the union’s general secretary, Mr. J. B. Figgins, 
informed the Executive of the railwaymen’s “ resent- 
ment and dissatisfaction’ at the rejection of the 
union’s previous claim for 12s. 6d. weekly and of the 
great difficulty with which the union’s executive com- 
mittee had averted immediate strike action on a 
national scale. The Railway Executive will announce 
their decision early next week. A meeting of railway 
signalmen in Southport on Sunday decided by an 
overwhelming majority to ask the union’s executive 
committee to instruct signalmen to withdraw their 
labour if their demands for increased wages and new 
methods of assessment were not satisfied within the 
next three months. 


The strike in the Lancashire coalfield over conces- 
sionary coal and overtime, which began at Burnley 
and Accrington on May 3, had spread by Wednesday 
to all the 65 pits in the county. Almost all the 52,000 
men employed in the coalfield were then idle and the 
loss of coal caused by the dispute is now in the region 
of 170,000 tons. my the rejection by the 
National Coal Board of the demand for concessionary 
coal for the 40,000 Lancashire miners who do not 
receive it, the men banned all overtime work and 
stoppages commenced when overmen at one pit 
worked extra time. There are now good reasons for 
believing that the dispute will be brought to an early 
settlement. It is understood that the Board has made 
an offer to the National Union of Mineworkers that 
those Lancashire miners who do not at present receive 
concessionary coal shall be a to purchase a 
restricted amount at a very cheap rate. This offer has 
been considered by the union’s county branch executive 
at Bolton, and a special delegate conference will meet 
to-morrow. 





BUILDING AND ENGINEERING EXHIBITION, LONDON.— 
The 1949 Building and Engineering Exhibition (Bquip- 
ment and Materials) opens at the Old Horticultural Hal, 
Westminster, London, 8.W.1, at 4 p.m., on Monday, 
May 16. It will be open daily from 9.30 a.m. until 
6.30 p.m., except Sundays, and will close at 4 p.m. on 





Friday, May 27. 
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SOME CURRENT TYPES OF MARINE 
DIESEL ENGINE.* 


By C. C. Pounpzr, M.I.Mech.E. 
(Continued from page 431.) 


Tuvs far, only crosshead designs of engine have been 
considered. For cross-channel ships, and also for 
certain types of trans-oceanic vessel, crosshead engines 
are not suitable, chiefly by reason of their height and 
weight. The first cost of trunk engines is appreciably 
below that of equivalent crosshead engines. A telling 
factor against them is the higher lubricating-oil con- 
sumption. The cylinder-liner wear, other things being 
equal, also tends to be greater. Figs. 14 and 15, on 
this page, show the trunk version of the engine pre- 
viously illustrated in Figs. 2 and 3, pages 429 and 430, 
ante. Over 40 such engines are being built in Belfast at 
the present time, for various p . The design, in 
due course, may su e the earlier t' of trunk 
engine. In Figs.14 and 15, the parts are indicated thus : 
a, exhaust pisten; b, exhaust manifold; c, exhaust 
ports; d, main piston ; ¢, gudgeon pin ; f, fuel pump ; 
g, air manifold; h, scavenge-air blower; j, scav’ 7 
air ports ; k, scavenge belt ; m, side rod ; n, camshaft ; 





* Paper presented at a meeting of the Institution of 
Mechanical Engineers, held in London on Friday, March 
18, 1949. Abridged. 











ENGINEERING. 


MARINE DIESEL ENGINES. 


p, change valves; q, safety door; 1, eccentric; s, 
telescopic gear; t, eccentric rod. 

The characteristics of the engine will be clear from 
the illustrations. The lower piston is of normal trunk 
form ; the exhaust piston is operated by an eccentric 
drive. The opposition of the pistons ensures that the 
engine is pr processes a | and quiet. The bedplate, 
framing, and scavenge belt are fabricated of steel. The 
top-end pin arrangement is noteworthy ; it avoids the 
lubricating-oil loss inseparable from many forms of 
gudgeon construction. The main and exhaust pistons 
are oil-cooled. There are two fuel valves and one 
starting valve on each cylinder; there is also a safety 
valve. The main piston is fitted with lead-bronze 
rubbing rings. The crankwebs are cast steel, semi-built. 
In this engine, as well as in the crosshead engines of 
Figs. 2 and 3, the exhaust ports and the scavenge 
_ are swirled. The scavenge-blower rotors are 

elicoidal in form; each is composed of aluminium 
elements, threaded on to a splined shaft. The change- 
valves on the blowers are automatically operated from 
the manceuvring gear. 

Just as the double-acting engine, by the omission of 
the bottom exhaust-piston, the lower half of the main 

iston, the piston-rod sleeve, and the stuffing box, 
oman transformed, for lower powers, into the single- 
acting crosshead engine, so the single-acting trunk 
engine has become a natural derivative of the crosshead 
engine. The example shown in Figs. 14 and 15 can 
develop, as a top continuous rating, 5,500 shaft horse- 














Fig. 15. 
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power at 250 r.p.m., on eight cylinders. The cylinders 
are of 530 mm. (20-87 in.) bore, and 1,180 mm. (46-46 
in.) total stroke. It is most desirable that a propelli 
engine—especially in a yin es ship of light-scant- 
lings—should be run at revolutions which are away 
from the critical periods of the hull. Hence, it can 
be sound commercial business for an engine which is 
capable of a continuous output at, say, 160 r.p.m., to 
be run continuously at, say, 120 r.p.m., the propeller 
being powered to suit the lower revolutions. 

Recently, in connection with a certain inquiry, the 
subject of lubricator timing assumed importance to the 
author. As his experience does not accord with views 
widely expressed in works of reference, a few remarks 
may not be out of place. In four-strcke single-acti 
crosshead-type engines, a timing effect can be obtain 
on the cylinder lubricators. In these ines, the 
point to which the crank is set when the lubricator 
plunger has just reached the end of its pumping stroke 
is 30 deg. before bottom dead-centre. Experiment 
shows that, with such an engine running normally at 
100 to 110 r.p.m., there is a time-lag between plunger 
movement and oil injection of approximately 20 deg. of 
crank angle; that is to say, injection has been com- 
pleted, in reality, by the time the piston is about 10 deg. 
of crank angle from the bottom dead-point. 

In the author’s opinion, the correct instant for the 
injection of lubricating oil is when the piston is moving 
very slowly relative to the angular movement of the 
crank. This occurs twice in each revolution, namely, 
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when the piston is approaching, and when it is leaving, 
the top and bottom dead-centres, respectively. In the 
region of the top dead-point, the gas is too great 
to permit of oil injection. Lower down, also, the gas 
pressure behind the piston — can be sufficiently high 
to prevent the discharge lubricating oil by the 
plunger. There remains the bottom end of the stroke, 
and this is the most practicable region for the purpose. 
In experiments carried out by the author on lubricating- 
oil injection settings at 30 deg. after bottom dead- 
centre, under conditions closely simulating those in a 
four-stroke trunk engine ing at 135 r.p.m., there 
was at best a continuous dribble, with a minor periodic 
pulse superimposed upon it. 

Some engine builders make no attempt to time the 
cylinder lubricators, but it seems to the author that the 
difference between genuine timing—if this be ible— 
and indefinite injection, can be reflected in the rate of 
cylinder liner wear, in the carbonising of ports and in 
the incidence of scavenge fires. The cylinder lubricator, 
as ordinarily made, has a very short effective stroke and, 
in ships which travel from cold to hot, and hot to cold, 
climates, it is in continuous need of adjustment, because 
of the oil viscosity variations which are inseparable 
from changing ambient temperatures. The incorpora- 
tion of a small thermostatically-controlled heating 
element into the lubricator overcomes the need for 
viscosity adjustment. A speed-reducing gear of, say, 
3:1, by which the effective plunger stroke is increased 
and the number of strokes per minute reduced, can be 
helpful. The injection lag, however, is thereby 
increased. There is always a non-return valve on the 
lubricator discharge pipe. This should be placed as 
near the cylinder as may be practicable, to assist the 
timed impulse of oil. Some engineers complain of 
carbonisation difficulties when this non-return valve is 
mounted directly on the cylinder. 

Practice varies in the number of lubricating points 
per cylinder. Two points are satisfactory for bores up 
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to 550 mm. (21-65 in.), and four points for cylinders 
750 mm. (29-53 in.) in diameter. There are, inevitably, 
a number of details about any progressive type of 
engine which tend to lag behind in the evolutionary 
process. Usually, these are things which seem to need 
an amount of exploratory work and concentrated effort 
altogether disp ionate to their apparent value. 
1n some kinds of engine, for example, such an item is the 
turning gear—or so it seems to the author. ‘The cylin- 
der lubricator—which is bought from specialist firms— 
is another such item. 

* Non-marine men tend to criticise the number of 
piston rings which are fitted to propelling engines ; 
they frequently suggest that the number could, with 
advantage, be halved. In times past, the author has 
been a party to such notions; for example, he can 
recall two-stroke double-acting engines in which he 
used three plain rings, instead of the normal six, for 
each end of the piston. Possibly the mechanical 
efficiency was fractionally improved thereby, but, in 
service, various things happened. Sometimes the rings 
broke, or blow-past developed, or scavenge fires were 
attributed to the lack of rings. Reversion-was therefore 
made to full sets of rings. 


















_May 13, 1949. 





MARINE DIESEL ENGINES. 















NSS 









Z 
Y) 














IES 






VV 


Y 












OV 









2 4G IDWS 


7 
SS 






AQVLGID 
RY 


me 
LASSE 


Lift 


icator 






hr 





10 
Se 


ZZ 









Uy 


SS 


sch 


SOC?) 
SSSS 





GZ 


V4 


Y 


N 


l, 


i 
ly 





Zl 


ff 


Ml 


NYY 

“Ly 
= 

UC 


at 


AS 


‘gyn 


iy 


S . 
MMW 


0 
~ 


WY 
Ma 
ld 

QZ, 


MM A{I{VLKi 


S 
LILY yy 


Wa 


SSS 
WWW we 


NY 


SS 


SY 
Ss 
SS ) S> 


Y 


NES 


ss 


y 


The end-butting of piston rings can be troublesome 
in two-stroke engines, especially when replacements 
are being made. This arises from the desire to make 
the ring gap as small as practicable. It is possible for 
end-butting measurably to lower the mechanical effi- 
ciency ; in extreme instances, the effect can be felt at 
the turning gear, if that is used when the engine is 
warm. An adequate amount of axial clearance is 
necessary for all the rings of exhaust pistons and the 
two top rings of main pistons, if breakages are to be 
avoided. Adequacy may imply twice the normal 
clearance. In the author’s opinion, the proper fitting 
of piston rings in their grooves is the most important 
single factor in the avoidance of scavenge fires. With 
accurately fitted rings and a suitable amount of lubri- 
cating oil applied to the cylinder liner at the correct 
instant, scavenge fires are unlikely. In this connection, 
the design of the piston-ring joint is important. Figs. 
16, 17 and 18, herewith, show an overlapping end-joint, 
sufficiently robust to avoid fracture, which prevents the 
passage of gas. A generous amount of end-clearance, 
without blow-past, is obtainable with this design. The 
use of pins for locating piston rings is unsatisfactory ; 
the alternative shown, obtainable at slight additional 
cost, is much more robust. The incidence of scavenge 
fires varies widely. Some engineers never experience 





them ; to others ef are a fairly ~— occurrence. 
The author knows of one ship where , if they take 
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place at all, do so within 24 hours of leaving aun 
port—but never at any other time. Cleanliness of | T 
scavenge belts is indispensable. Its ensurance implies 
frequent and thorough attention to all places where 
pe carbon can accumulate. Fig. 19, opposite, is a 

diagram for the scavenge and exhaust periods 
Ft a single-acting engine. 

The main pistons are peer in structure. Cast 
iron is not satisfactory for the crowns, and the body 
need not be of oe pep alloy steel. Hence the crown 
is made of spec it steel and the body of cast iron. 
The use of oa iron avoids the use of carriers for the 
way nae The piston rings are ed to be as 

from the combustion chamber as practicable. The 
crown is attached to the body either by screwing or b 
bolting. Fig. 20, opposite, shows both methods. 
Screwed pistons up to 750 mm. (29-53 in.) are common ; 
the ps is 8 threads per inch. Locking devices 
are superfluous, as there is no tendency to slacken 
back; nevertheless, two radial screwed set-pins are 
usually provided, half in the body, half in the crown. 
The joint is a high-class ground joint. The bolted-on 
crown, as shown in Fig. 20, has been evolved from 
earlier devices. 

The exhaust piston, usually, is similar in construction 
to the main piston. The temperature-level is higher 
in the former, and accordingly, for the smaller engines, 
the exhaust piston is fully cast in chrome-molybdenum 
steel. This makes for simplicity, and also slightly 
shortens the piston. The piston-crown material is 
chrome-molybdenum cast steel. In es prone to 
persistent heavy coking inside the crown—where it is 
certain that, in service, the cooling oil has completely | y 
filled the piston—the explanation is, sometimes, that 
the heat-transmission rate through the crown is too 
great. Accordingly, a material with a lower trans- 
mission rate, such as, high-alloy chrome cast steel—say, 
13 per cent. chromium—may be preferable. Normally, 
there is no difficulty with pistons 

The combustion Avene shape i is dictated by circum- 
stances. Thus, in Figs. 14 and 15, on page 453, the 
exhaust and main pistons have concave crowns; in 
Fig. 3, the crown is concave for the main, and convex 
for the exhaust, piston. In Figs. 14 and 15, adequate 
cooling at junction of crown and cylindrical wall is 
ensured for both pistons when the crowns are concave ; 
but, in Fig. 3, the same consideration requires the 
exhaust-piston crown to be convex, because of the 
metal thickness at the screwed end. Vanadium cast- 
iron is used for all cylinder liners, the wearing life of this 
material being about twice that of pearlitic cast-iron. 
Liners are not honed or ground in the bore, as experi- 
ence shows that an initially smooth surface is not condu- 
cive to long liner life. A vanadium cast-iron liner will 
last about eight, possibly nine, years for a direct-coupled 
propelling engine of crosshead design. For fast-running 
short-stroke trunk engines, the effective life is less. 
The limit of permissible wear on liners, before replace- 
ment, is of the order of 1 mm. per 100 mm. of diameter. 

When ‘the first of a long series of double-acting four- 
stroke engines, of 840 mm. (33-0 in.) bore, 1,500 mm. 
ong! -1 in.), and 1,600 mm. (63-0 in.) stroke, was building 

, 25 years ago, it was ex that the 
-rod stuffing box would provide a major problem. 
piston problem, however, did not materialise; on the 
contrary, the stuffing box functioned excellently. In 
two-stroke double-acting engines, conditions are 
unavoidably more onerous. The design, and especially 
the manufacture and upkeep, of the stuffing boxes, are 
therefore matters which require care. One of the early 
difficulties experienced was the carrying of lubricating 
oil past the crankcase scraper box by the ascen 
piston-rod sleeve, to carbonise and gum-up the 
in the stuffing box. a a 
rng current standard design of piston-rod stuffing 
box for double-acting, two-stroke engines is that shown 
at (a) in Fig. 21, opposite. It consists of eight sets of 
com sealing Tings, carried in distance pieces. 
The lene or sealing rings are plain special-quality 
cast-iron rings, having 4 joints. They are initially 
machined to such an outside diameter that | the tips of the 
half-laps are in line. The rings are then hammer-rolled 
externally to the ultimate diameter and ground on all 
faces to the final dimensions. The inner top of 
the two top rings, and the inner bottom edge of the 
two bottom rings, are rounded to a radius of 1 mm. 
The intermediate rings have square edges. Behind 
the sealing rings are "eae i aipedinads cast-iron 
spring rings. These ground on all 
faces. The combination of ring rings makes an effective 
seal. Spring steel may, perhaps, be preferable to cast 
iron for the two top spring-rings, but cast iron is very 
satisfactory. The pearlitic cast-iron distance-pieces 
which carry the piston rings are ground on their 
faces. If, during the operation, they are held 
by magnetic ook, the magnets should be numerous 
and not too strong ; otherwise, there may be distortion 
of the faces. It is imperative that, when the distance- 
ee leave the machine, they should be truly plane. 
this reason, a jig is to be preferred to a magnetic 
As shown in Fig. 21, the distance-pieces are 


table. 


y | segments ; 


ascending | with a full stroke of 65 mm. (2-56 in.). 
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T-end and countersunk screw at the top, and screwed 
end with nut at the bottom. The assembled box is 
held to the bottom exhaust-piston by ten -in. studs, 
the top face of the box being spigoted and ground. 
From its nature, the piston-rod stuffing box is a 
detail upon which users tend to imprint their respective 
individualities. Accordingly, a number of variants 
and sub-variants are current. Thus, instead of one 
plain lap-jointed inner ring, there can be two rings 
each split into three segments, the joints in the upper 
ring not being coincident with the joints in the lower 
ring. This is shown at (c) in Fig. 21. At (d) the inner 
rings are solid, of lap-jointed type, but each in two 
the rings behind them are spring steel. 
The upper four inner rings are made of special cast 
e lower four of lead bronze. Another current 
coe of stuffing box is that shown at (b). This is a solid 
block, with two loose distance-pieces at the bottom. 
The block houses four rings of the twin type, as used so 
successfully in four-stroke double- 
These rings do not provide a complete seal, as the gas 
can blow round the circumferential annulus and through 
the openings between adjacent rings. The three lowest 
rings, however, are of double-seal type, with joints in 
jacent rings arranged so that they are not coincident. 
al rings are of special cast iron. At (e) another variant 
is shown, in which the uppermost ring is a solid ring and 
the ining seven are of double-seal type. 
Sometimes, stuffing boxes are made with six grooves, 
each of the two topmost grooves being occupied by a 
pair of plain Ramsbottom rings, one superimposed 
the other. The amount of inward springiness 
of these rings is small. In each of the four remaining 
seeimab thon ono aes bun site Genes each of these 
rings is in three segments, with a steel circumferential 
garter-spring to hold them on to the piston-rod sleeve. 
Figs. 22 and 23, opposite, show” typical piston-rod 
scraper box, mounted on the top of the crankcase. 
The device consists of three cast-iron segmental scraper 
rings, held against the piston-rod sleeve by circum- 


ferential garter-springs of steel. Se en age ete 
accordingly, in the grooves behind the rings, drain 











holes of ample size are provided. This construction | ? 


ensures a moist piston rod, while also preventing the 
lubricating oil from being taken up into the stuffing 
box, there to cause ring-sticking. The vertical distance 
between the scraper box and the top of the crosshead 
is important ; if it is too small, aerial pumping action 
forces the lubricating oil through the scraper box. 

Fig. 24, on the opposite page, shows a typical fuel 
pump; a is the pressure-ga connection; 6, the 
de-aerating pipe; c, the high-pressure filter; d and e, 
the suction and delivery, respectively; f, the spill 
shock-absorber ; g, the fuel- ing gear; and h, the 
camshaft. It is operated by a cam, of such shape that a 
“snappy ” cut-off is ensured. The same cam if used 
for ahead and astern running, there being a lost-motion 
clutch on the camshaft. The fuel quantity per stroke is 
varied by rotating the plunger somewhat, thus a 
the effective pump stroke and spilling the surplus fuel. 
The fuel-regulating gear is operated by hand and by 
the emergency governor. plunger of any fuel 

ump can be cut out while the engine is running. The 
el-pump bodies are made of mild steel and the plun- 
gers of case-hardened carbon steel. The pump barrels 
are lined with a ial quality cast iron. The cam is 
case-hardened carbon steel, the roller and spring seat 
3 per cent. nickel case- ing steel. For a single- 
acting engine developing 1,000 shaft horse-power per 
cylinder, the fuel pump is of 42-mm. (1-65-in.) bore, 
The designed 
working pressure is 425 kg. per square centimetre (say, 
6,000 Ib. per square inch). 

A fuel valve is illustrated in Fig. 25, opposite. 
There are normally two fuel valves per combustion 
chamber. The oil sprays are directed partly towards 
the piston, but also in the same direction as the 
scavenge-air swirl. The valves are automatic in action ; 
they open considerably below injection pressure, which 
is 280 kg. to 420 kg. per square centimetre (say, 4,000 Ib. 
to 6,000 Ib. per square inch). The nozzle-holes for each 
fuel valve of a large single-acting engine, of, say, 
1,000 shaft horse-power per cylinder, may be four in 
number, and 0-047 in. in  aemten. The nozzle-hole 
length is three diameters. The oil speed through the 
nozzle-holes is about 190 m. to 210 m. per second (say, 
600 ft. to 700 ft. per second). The valve body is made 
of mild steel, the spindle and nozzle end of non-shrink 
steel, and the spring of silicon-manganese steel. All 

are ground, spherodised, and not to be —- 

e introduction ile the fuel line of felt » in 
duplicate, is of advantage to cylinder-liner life, by 
excluding hard carbon particles ion the fuel valves. 


(To be continued.) 





Prick or CoppeR.—The Ministry of Supply have 
announced that their buying price for copper, of 97-25 
per cent. purity, has been reduced by 15. a ton to 901., 
ex-makers’ works. 
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ALUMINIUM- AND ZINC-BASE 
ALLOYS FOR ELECTRIC CONDUIT. 


A MEMORANDUM on the use of aluminium- and zinc- 
base alloys for electric-conduit installations has been 
issued by the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, London, W.C.2, 
on behalf of the Wiring Regulations Committee. This 
points out that experience of the use of aluminium- and 
zince-base alloys for electric-conduit installations is at 
the present time very limited, and that reports of long- 
term researches on this subject which have been 

instituted are not yet available. The following list 
of factors, which limited experience and the known 
general properties of light alloys have indicated to 
be of particular importance, however, is set out for the 
guidance of persons considering the use of light-alloy 
conduit and fittings. 

Under damp conditions, corrosion is liable to occur 
at junctions between dissimilar metals; thus where 
aluminium-alloy tubing is used, all fittings, earthing 
clamps and fixings in contact with the tubing should be 
of an alloy or finish which is known from e ce to 
be suitable for use in contact with the aluminium 
alloy of which the tubing is composed. The exclusion 
of moisture from the joints by such means as the 
application of grease to the joint during assembly 
and of bituminised paint to the outside of the joint 
after assembly should considerably retard corrosion. 
As joints between aluminium alloys and copper or 
alloys having a high copper content are particularly 

liable to corrosion, such joints should be avoided unless 
ae precautions are taken. For this reason, brass 
fixing screws or saddles should not be used with 
aluminium- or zinc-base alloy fittings. 

These alloys may be subject to corrosive attack in 
some atmospheres, notably certain industrial and moist 
saline atmospheres, the extent of the corrosion being 
related to the composition of the alloy. Protective 
paints are available which are suitable for use in 
contact with aluminium, and if a coat of such a paint 
is effectively maintained, serious corrosion should be 
revented. 

Contact between the alloys and various building 
mortars, plasters and concretes, especially those con- 
taining Portland cement, when damp, may give rise 
to corrosive conditions which may adversely affect 
both the building material and the conduit or fitting. 
As a precaution, alloys which are to be embedded in 
building materials liable to give rise to these corrosive 
conditions should be a before installation either 
with bitumen applied hot, or with two coats of good 
quality bituminised paint applied after suitable pre- 
treatment. 

Certain acid-containing woods, such as, oak, teak and 
chestnut, may cause corrosion under damp conditions, 
and where such woods are associated with aluminium- 
or zine-base alloy conduit installations, all contact 
surfaces should be treated with at least two coats of a 
good quality bituminised paint, or, alternatively, the 
wood should be covered with a layer of bituminous felt. 

As high-resistance oxide films are liable to develop on 
all exposed surfaces of aluminium alloys, care should 
be taken, particularly where a metal conduit installation 
is to be used as the earth-continuity conductor, that 
adequate electrical continuity is provided, and periodic 
tests should be made to ensure that satisfactory 
conductivity is maintained. 

As the mechanical strength of aluminium and zinc 
base alloys is generally less than that of steel, con- 
sideration pied be given to this factor, particularly 
when fittings or conduit are to be subjected to heavy 
mechanical loading or to severe vibration. Care must 
be taken when light-alloy conduit or fittings are to be 
threaded, as such alloys are liable to tear under the 
threading action. All dies and taps should therefore 
be sharp and adequately lubricated, a 50 per cent. 
mixture of high-grade mineral oil and paraffin having 
been found suitable for this purpose. Soluble cutting 
oils that might give an alkaline reaction should not be 
used. 





200-Fr. TOWER FOR RADIO COMMUNICATION AT 
WEMBLEY.—A 200-ft. tower to act as a terminal for 
experimental radio links requiring an unobstructed 
optical path is being erected at the Wembley Research 
Laboratories of the General Electric Company, Limited, 

Magnet House, Kingsway, London, W.C.2. This tower 
has been designed by Pirelli-General Cable Works, 
Limited, Southampton, and will be of lattice-steel con- 
struction with a base 45 ft. square. Each corner leg 
will be set in a reinforced-concrete foundation, 10 ft. 
square and 11 ft. deep. At the top there will be two 
octagonal cabins for housing the necessary test apparatus. 
Each will have an external balcony, on which highly 
directional short-wave aerials will be mounted. The 
cavity walls of the cabins will be thermally insulated and 
electrically screened, and the external walls will be 
galvanised. 
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THE MELTING AND CASTING OF 
BRASS.* 
By Dr. Maurice Cook, F.I.M., and N. F. FLETcHEr, 
AIM. 


Tue word brass is usually understood to mean an 
alloy of copper and zinc containing not less than about 
20 per cent. and up to about 43 per cent. zinc. It is 

in referring both to binary alloys of these two 
metals and to more complex copper-zine alloys con- 
taining smaller amounts of other elements introduced 
to impart special properties. Many thousands of tons 
of chill-cast brass a are produced every week 
and a high standard of quality is reached and main- 
tained as a normal everyday matter. The fact that 
the uction of high-quality shapes substantially 
free from defects is not always universally and con- 
sistently realised, however, is not because of any 
serious technical difficulties in the processes or unsolved 
major metallurgical problems, since, in general, for 
most of the alloys in this category, these no longer 
exist. Failure to produce castings of satisfactory 
quality, therefore, must be ascribable to an ignorance of, 
or a lack in the application of, the knowledge derived 
from long wert: 9 experience and specific investiga- 
tions. With few exceptions, brass alloys are easier to 
produce, in the form of chill-cast shapes, than aluminium 
bronzes, tin bronzes, or silicon bronzes, or, indeed, any 
other major group of ea alloys. 

To ensure that the resulting casting is of the compo- 
sition required, the utmost care is necessary in the 
selection and weighing of all raw materials, scrap, 
temper alloys, etc. The two main virgin metals used, 
copper and zinc, are available in high purity, and the 
small amounts of the impurities which are present are 
not deleterious in their e: on the alloys. The other 
elements which are added, usually in alloy form, in 
making ternary and more complex brasses, are also 
obtainable in a relatively high degree of purity. Using 
such materials and observing the necessary precautions 
in melting and casting, it is possible to produce brass 
alloys accurately to defined compositional limits with 
low impurity content. For reasons of economy, as 
in the production of other metallurgical materials, 
scrap is used to a considerable extent. 

Less is heard now than formerly regarding the relative 
merits of heats made up wholly from virgin me 
and those in which scrap metal is incorporated. More 
is known of the gas content of virgin and other metals 
and ways and means of dealing with it. More, too, is 
known of the effect of other elements, not only on the 
physical and mechanical properties of the alloy, but 
in the melting and casting processes, and there is, 
therefore, really no issue, for satisfactory products can 
be made from either, provided that in doing so full use 
is made of existing metallurgical knowledge. 

A wide variety of types and sizes of furnaces has been, 
and is, used for melting brass alloys for casting into 
shapes for subsequent fabrication. From strictly 
metallurgical considerations, that is, in particular, 
the quality of the resulting product, there is, perhaps, 
little to choose between them, provided that the melting 
operations are carried out with that degree of care and 

ision in control which such a fundamentally 
important process as melting requires, since the alloys 
are not, in general, sensitive to gas ——— neither, 
in general, do they suffer much more than loss of zinc 
by oxidation. The considerations which determine 
the choice of melting unit, therefore, are usually and 
largely other than metallurgical and are, in fact, more 
related to economics, type and quantity of production, 
availability of fuels, and the like. 

The factors in metal melting of economic concern 
are to melt as speedily as possible with the minimum 
fuel consumption and metal loss, while those of technical 
or metallurgical interest are concerned with maintaining 
conditions of melting which will not lead to the quality 
of the metal being impaired. In short, to ensure that 
the metal suffers no contamination from contact with 
fuels, furnace gases, and products of combustion, from 
the refractory materials of the crucible or furnace 
lining, or from stirring rods, rakes, etc.; that the 
molten charge is adequately mixed; and that it is 
poured at the appropriate casting temperature. 

Cast-iron moulds are still extensively employed in 
the production of the multifarious shapes and sizes of 
castings encountered in the wrought brass industry. 
The advantages of water-cooled, copper-faced moulds, 
however, are so compelling that, although they are more 
elaborate and costly than solid-iron moulds, they are 
always and unhesitatingly preferred in the production 
of ingots or billets in quantity for subsequent processing 
by modern methods on up-to-date plant. 

Mould dressings are a very significant item in the 
technology of brass casting; for according to how they 





* Part of a Symposium on Metallurgical Aspects of 
Non-Ferrous Metal Melting and Casting of Ingots for 
Working, discussed on Thursday, March 31, 1949, during 
the annual general meeting of the Institute of Metals, 
held from March 30 to April 1, 1949, in London. Abridged. 








are employed they can vitally affect the quality of the 
casting on these three critically important counts : 
internal soundness, tal structure, and surface 
quality. The primary function of a mould dressing is 
to prevent contact between liquid metal and mould 
surface, which might lead to adhesion or welding-on 
of the ingot, and to provide a uniform insulating film 
which controls the heat flow from the solidifying metal 
to the mould. Dressings fall into two distinct types, 
i.e., flaming and non-flaming dressings. Except in the 
case of special pouring and mould arrangements devised 
to promote quiescent or tranquil conditions, when non- 
flaming dressings are preferred, flaming dressings are 
generally used, for, in addition to successfully fulfilling 
the conditions already noted, they fill the mould with 
a reducing atmosphere almost as soon as pouring starts 
and help also in protecting the stream of molten metal 
from oxidation. Moreover, flaming dressings have an 
appreciable effect in refining the crystal structure of the 
casting which, other things being equal, is more marked 
with copper-zine alloys of relatively high copper con- 
tent such as gilding metals. This may be quite impor- 
tant in some circumstances, as for example in the cast- 
ing of 67 : 33 brass for hot rolling. 

The transfer of metal from the melting unit to the 
mould is primarily a mechanical problem, and the first 
consideration is to arrange conditions so that the 
pouring stream is short, smooth, and unbroken, and 
that the carrying over into the mould of dross and other 
foreign matter is avoided. Vertical moulds are now 
generally used in brass casting and the metal is poured 
either directly from the melting unit or from a ladle 
into a tundish or runner box. The tundish should be 
kept full of liquid metal throughout the pouring period, 
so that it provides, in effect, many of the advantages of 
bottom pouring, and prevents any foreign material 
which may have come over from the furnace or ladle 
from entering the mould, while it should also be 
accurately located with respect to the mould so that the 
stream or streams of molten brass do not impinge on 
the faces. 

The pouring speed is arranged to provide that rate 
of rise of metal in the mould which is associated with 
maximum smoothness and freedom from defects on 
the ingot surface. This appears to be governed by the 
rate of burning-off of the flaming dressing relative to 


tals | the advance of liquid metal over the dressed surface. 


In brass casting. the rate of filling the mould is about 
1 to 1} in. per second. In actual practice ,the mould con- 
ditions are more or less fixed and also the rate of filling 
of the mould, and these, in consequence, define the 
optimum casting temperature for any given alloy within 
fairly narrow limits. The closeness of temperature 
control which is essential for the production of good 
quality products varies with circumstances. Ingots for 
hot rolling, for example, should generally be cast 
within +10 deg. C. of the optimum temperature, 
although the latitude varies for different copper con- 
tents. In casting smaller ingots into cast-iron moulds, 
for cold rolling, a wider range may be permissible, since 
the crystal configuration is not generally of such 
importance in cold rolling. When using a furnace of 
the low-frequency type for melting charges of the same 
composition, the constancy of the energy input results 
in a time cycle for melting the charge and bringing it 
approximately to the correct pouring temperature, and 
with appropriate adjustments in time and input, which 
can be so with some precision as a result of actual 
experience, and periodic pyrometric checking, reason- 
ably constant pouring temperature can be maintained. 
When, however, ingots of 67:33 brass, for example, 
are being made for hot rolling, in which ingot structure 
is a factor of major importance, it is necessary to pour 
from accurately controlled temperatures. 

Feeding is a continuation of the process of pouring, 
and ingots and billets, whether cast vertically or 
inclined, must be adequately fed to eliminate as far as 
possible central unsoundness due to shrinkage cavities. 
Bridging should not be allowed to develop, since it pre- 
vents further adequate feeding of the lower or remote 
portions of the contraction pipe. When several ingots 
are cast from one melt, the casting temperature needs 
to be regulated so that the feeding metal for the last 
ingot is not too cold to fulfil this function. Flat cast- 
ings do not normally require feeding, since the pool of 
molten metal is shallow and contraction is taken u 
mainly by a more or less uniform lowering of the large 
surface area, although some interdendritic shrinkage 
cavities may also form in the surface layers. 

Although continuous casting is not within the scope 
of the present paper, processes of this type are being 
used to an increasing extent and have been for some 
years successfully employed in brass manufacture. 
Apart from economies resulting from continuous pro- 
duction and the absence of any end discard, as with 
discontinuously cast ingots or billets, and the facility 
of readily obtaining any desired length for subsequent 
fabrication, the process achieves progressive and con- 
trolled freezing or solidification and yields a high- 
quality product in respect of surface condition, internal 
soundness and crystal structure. 





REGULATIONS AFFECTING THE 
GRINDING OF METALS. 


Tue Minister of Labour and National Service has 
given notice that he proposes to make two codes of 
special regulations amending, respectively, the Grinding 
of Metals (Miscellaneous Industries) Regulations, 1925 
(S.R. and O. No. 904), and the Grinding of Cutlery and 
Edge Tools Regulations, 1925 (S.R. and O. No. 1089). 
The proposed regulations are the outcome of the 
decision of the Court of Appeal in the case of Franklin v. 
Gramophone Company, Limited (1948, I.K.B. 542), in 
which certain difficulties arose as to the interpretation 
of the Grinding of Metals (Miscellaneous Industries) 
Regulations, 1925. In the light of these difficulties, 
the Minister undertook to review the Regulations, and 
he has reviewed the other Regulations at the same time, 
in respect of which similar difficulties are liable to 
arise. The draft Special Regulations now published 
are the result of this review. They are entitled the 
Grinding of Metals (Miscellaneous Industries) (Amend- 
ment) Special Regulations, 1949, and the Grinding 
of Cutlery and Edge Tools (Amendment) Special 
Regulations, 1949, and copies may be obtained from 
H.M. Stationery Office, York House, Kingsway, Lon- 
don, W.C.2. Objections to either code by, or on behalf 
of, persons affected must be addressed in writing to the 
Secretary, Ministry of Labour and National ice, 
8, St. James’s-square, London, 8.W.1, on or before May 
31, 1949. An objection must state the specific grounds 
of objection, and the omissions, additions, or modifica- 
tions requested. Copies of the original regulations are 
also obtainable from H.M. Stationery Office, price 2d. 
each, post free. 





CATALOGUES. 


Dustproof Loudspeaker.—Details of 12-in. permanent 
magnet dustproof loudspeakers are given in a pamphlet 
issued by Goodman’s Industries, Limited, Lancelot-road, 
Wembley, Middlesex. 


Welding Electrodes.—Particulars of the electrodes, 
welding sets and accessories which they manufacture are 
given in a pocket guide prepared by the Quasi-Are 
Company, Limited, Bilston, Staffordshire. 

Electric Sterilising Equipment for Dairies.—Sterilising 
chests for dairies form the subject of a well-illustrated 
pamphlet published by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2. 

Electric Joint Box for Mines.—The straight joint box 
for mines made by British Insulated Callender’s Cables, 
Limited, Norfolk House, Norfolk-street, London, W.C.2, 
is described in a pamphlet which we have recently 
received. 

Household Electrical Appliances.—A booklet published 
by the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, gives particulars of 
the household electrical appliances they now have 
available. The booklet is fully illustrated. 

Portable Fault Finder.—Runbaken Electrical Pro- 
ducts, 71, Oxford-road, Manchester, 1, have sent us 
information regarding an instrument they are manufac- 
turing for detecting faulty or damaged earth wires and 
incorrect connections in the plugs used on portable 
electrical apparatus. 


Air-Conditioning Plant.—A booklet recently issued by 
the Sturtevant Engineering Company, Limited, Southern 
House, Cannon-street, London, E.C.4, includes chapters 
on the general principles of air conditioning, the firm’s 
air-conditioning plant, industrial applications and appli- 
cations to public building. 


Magslip Pointers.—A leaflet received from Messrs. 
Muirhead and Company, Limited, Elmers End, Becken- 
ham, Kent, describes the pointers which have been 
devised for use with the receivers of their Magslip trans- 
mission system. These are designed for mounting on 
ty-in. or #-in. diameter spindles. 


Electric Wiring Systems for Farms.—Details of their 
electric wiring system for farms, which has been designed 
to resist the effects of ammonia and otber corrosive 
fumes, are given in a well-illustrated booklet published 
by British Insulated Callender’s Cables, Limited, Norfolk 





4 House, Norfolk-street, London, W.C.2. 


Fused T-Bozxes.—The fused T-boxes described in a 
pamphlet issued by British Insulated Callender’s Cables, 
Limited, Norfolk House, Norfolk-street, London, W.C.2, 
have been designed to provide an economic means of 
tapping off a paper-insulated lead-covered feeder cable 
through a high breaking capacity fuse. 

Flue-Dust Removal Plant.—Messrs. Heat Economy, 
Limited, 20, Cazenove-road, London, N.16, have intro- 
duced a new design of plant for removing flue dust from 
Lancashire boilers, and the plant is described in a pamph- 
let received from them. The dust is first conveyed 
to the front of the bottom flue by steam blowers, and is 
then sucked out through a cyclone separator, No power 
other than steam is required. 
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PORTABLE HANGAR 
FOR AEROPLANE-ENGINE 


MAINTENANCE. 


A PORTABLE hangar, with a base measuring 30 ft. 
by 78 ft., has been developed by the United States 
Navy for aircraft maintenance work. It consists of 
a steel framework provided with a canvas cover. 
A general view of the frame without the cover is 
given in Fig. 1, on this page, and the completed 
hangar is shown in Fig. 2. It will be clear from the 
proportions of the structure that it is not intended 
to provide housing of sufficient capacity to cover 
complete aeroplanes; its purpose is to enable 


be clear from Fig. 1. The main members, which 
are galvanised, are four arch ribs of 76-ft. span 
and 38-ft. rise at the centre; they are pitched 
9 ft. 8 in. apart. The ribs are built up of 8-ft. 
lengths of 14-in. by 30-lb. wide-flanged beams, the 
webs of which are punched with a series of circular 
holes to reduce weight and to form ladders by which 
the erecting crew can climb up and down the arches ; 
this eliminates any necessity for erection scaffolding. 
At each joint the arches are connected by hori- 
zontal channel struts, secured to angle brackets, 
and wire-cable diagonals. At 26 ft. above ground 
level there is a horizontal truss framing, consisting 





of channels carried across the arch, secured to the 
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Fig. 2. Compietep Hanaar. 


engine-maintenance work to be carried out under 
shelter. It is termed a “ nose-in ” hangar and when 
in service the front end of the machine is run in 
under cover, the wings and tail end of the aeroplane 
being left exposed to the weather: Maintenance 
work is facilitated by overhead runways carrying 
two travelling chain blocks, each having a lifting 
capacity of 4,000 lb. As the hangar is mainly 
intended for use in remote situations, in which a 
portable crane or other erection machinery is not 
likely to be available, it is designed to be assembled 
without the use of any other plant than a tele- 
scopic erection pole and six erection stakes which 
are driven into the ground to form anchors for guy 
ropes. This material forms part of the equip- 
ment, and with it the hangar can be erected, com- 
plete with the canvas cover, by 16 men in two days. 





channel structs and also supported by hangers from 
the higher parts of the arch ribs. The channels 
carry the rails for the chain blocks. At each face 
of the hangar there are channel runways for the 
canvas end curtains. These are supported by ties 
from the outer cross channels and the arches. The 
arrangement is shown in Fig. 3, on page 458, which 
is a view of the front curtain from inside the hangar. 

To erect the framework, the arch ribs are assem- 
bled lying on the ground, as shown in Fig. 5, page 
458. The 8-ft. lengths are connected by inside 
and outside bolted cover plates, which can be seen 
in Figs. 1 and 4. On the outside of each rib, there 
are two timber rubbing rails supported from the 
outer flange of the rib by short brackets. These 
rails are shown in position on the left-hand arch in 
Fig. 5; their purpose is to prevent the canvas cover 


The general design of the steel framework will 





might result in chafing. When assembled, the 
arches are raised to a vertical position by means of 
the telescopic erection pole. ‘This is provided with 
a steel-plate footing so that it will not sink into the 
ground. A shallow hole is dug to retain the pole in 
position and the top end is raised by hand to about 
3 ft. from the ground. By means of a cable attached 
to a tractor it may then be raised into an inclined 
position leaning towards the arch lying on the 
ground. Before the pole is lifted, its top end is con- 
nected to the apex of the arch by a cable, and a 
series of controlling guy ropes is connected to the 
arch and pole and secured to the ground by the 
erection stakes which form part of the equipment. 
By driving forward the tractor which is attached 
to the erection pole, the whole arrangement is lifted 
as shown in Fig. 6. When the arch is vertical, the 
erection pole falls to the ground. Although the 
use of the tractor greatly facilitates this erection 
operation, it is possible to carry it out by hand 
with blocks and tackle, or by means of a hand 
winch. 

The arch ribs are naturally assembled on the 
ground in such positions that when lifted they will 
be in the correct relative positions one to another. 
They stand on shoe plates, each of which is located 
in position by four 1}-in. diameter pins, 5 ft. long, 
driven into the ground. A base of one of the end 
arches, showing the shoe plate, is illustrated in 
Fig. 4, on page 458. The first operation, before the 
erection procedure, described above, is the correct 
placing of these shoe plates. They are located by 
triangulation and cross-checked by diagonal mea- 
surement. The two shoes of each rib are connected 
by a wire-cable tie, the arrangement giving a tied 
arch. The rib frames are connected to the shoes by 
l-in. diameter pins which are inserted when the 
arches are vertical. No doubt in most cases a 
certain amount of local lining-up will be necessary. 
When the arches have been erected and secured to 
their shocs, the horizontal channel struts, wire- 
cable diagonals and other steelwork are erected by 
men climbing up the perforated ribs. 

The canvas cover is an interesting feature of this 
hangar. In some earlier types of canvas-covered 
hangar employed by the United States Forces, 
the canvas was connected to the steel frame, or 
suspended on catenary cables. In both cases 
it was found that the canvas was liable to be 
damaged by high winds, either by chafing or by 
local stresses set up by its rigid connection to the 
frame. In the present design, the cover has a 
certain amount of freedom and “floats” on the 
steelwork. The details of the arrangement may 
most conveniently be dealt with by describing the 
assembly procedure. As will be clear from Fig. 2, 
the upper gable and canvas of the front face of the 
hangar is a separate section. This is supplied with 
three lifting rings sewn in place, and a series of 
clips around its curved edge. It is laid on the 
ground in front of the hangar, rope blocks are 
secured to the front arch rib, and the canvas is lifted 
into position. A wire cable is run over the arch, 
between the timber rubbing rails, and to this the 
canvas is clipped. The bottom edge of the canvas 
is then secured to the horizontal front channel-iron 
with }-in. bolts and washers. The cable to which 
it is fixed allows the canvas some freedom for move- 
ment under wind action which, however, does not 
result in chafing as it lies on, and passes over, the 
outer timber rubbing rail. The arrangement is 
shown at the left-hand side of Fig. 7, on page 458. 
At the bottom of the gable-end canvas, there is a 
3-ft. deep wind-break canvas which hangs over the 
roller track on which the front curtain is carried. 
This is attached to the horizontal channel by #-in. 
bolts. After the erection of the front-end gable 
canvas, the rear-end gable is dealt with in the same 
way. 

The end curtains are then erected. For conveni- 
ence in handling and to keep down the weight of 
individual parts, these are each made in six sections. 
This can be seen in Fig. 2. For assembly, the first 
section, that at the left of Fig. 2, is laid on the 
ground. Hinge-plates carrying the trolley rollers 
for the runway are then attached to the top of the 
curtain with self-tapping screws. The hinge plates 








are provided with lifting hooks by means of which 
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the curtain is hoisted into position with block and 
tackle. The runway on which the curtain rides is 
provided with a movable section at the right-hand 
end to enable the trolley rollers to be entered into 
position on therunway. As will be clear from Fig. 3, 
there are two parallel runway rails carrying alternate 
trolleys, the flexible curtain being connected 
concertina-fashion between those at the back and 
front. This left-hand curtain is provided with a 
series of clips at its left-hand edge and when it is in 
position the clips are connected to the wire cable 
between the timber rubbing rails to which the gable 
canvas had earlier been connected. The arrange- 
ment secures the canvas in a flexible manner, but as 
it is located by the smooth timber rail, any move- 
ment under wind action does not result in chafing. 
This end curtain is also laced to the gable curtain at 
its top end. 

The other five sections of the front curtain are 
then erected in turn, working from left to right. 
Hinge plates carrying trolley rollers are attached 
at their upper ends, but, except for the extreme 
right-hand section, they are not laced to the gable 
curtain. When the front-end curtain is completed, 
a similar procedure is followed for the rear-end 
curtain. The vertical edges of the curtains are 
finally laced together, although it is recommended 
that this should not be done until the roof canvas 
is in place. _The reason for this, presumably, is that 





InTERIOR View OF Front CurTAIN. 
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when the sections are hanging loose, members of 
the erecting crew may more easily pass in and out of 
the structure. At ground level, the curtain lacing 
ropes are connected to a }-in. wire cable which passes 
between the shoe plates of the arch, and the lower 
edge of the curtain is draped over a ground plate 
of Z section. The arrangement is shown in Fig. 8, 
on this page. 

The roof canvas is made in three sections, each 
the full width of the hangar. One section covers 
the apex of the roof, the others connecting between 
this and the ground. The joint between the upper 
and lower canvas can be distinguished near the top of 
the hangar in Fig.2. The top canvas is erected first. 
It is laid on the ground and rolled up from each end: 


Ratstnec Arca Ris into Position. 
Fig. 9. 
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to form two rolls lying side by side. The bundle 
formed in this way is then hauled to the top of the 
hangar by blocks and tackle, the bundle sliding 
over the timber rubbing rails. The two rolls into 
which the canvas has been formed are then unrolled 
one down each side of the hangar. The canvas is 
provided with clips at each end and as it is unrolled 
these are connected to cables which hold the canvas 
taut. The cable is indicated at ain Fig. 7. As the 
canvas is being unrolled, two further cables, b, 
Fig. 7, are placed over it at the intermediate arches. 
Care is necessary in keeping these cables accurately 
placed between the timber rubbing rails, as when the 
upper canvas has been unrolled and secured it is not 
possible for men to climb to the top of the hangar. 


























May 20, 1949. 


ENGINEERING. 





459 








NOISE REDUCTION 


IN POWER-STATION OFFICES. 





































































































woh io: _ Fig.2. 
20 y \ 
A NI 3 aX N 
i y 3 NY 
TT INNRT IANS 
g Y WN 
o CI ZY 
7 1 i NG \ % 18 Z : . WG 
% ‘, Y, 
a. Ah hhhd = hhh hhh hhhhchek SS WHI y) EEE y 
y a y 
% > eH 20s 2 IZ i 20-35 30 
(osera) UflorU,) Feet (os9.8) Ulorl,) Feet wee 


The side sections forming the lower parts¥of the 
roof are erected in the same way. They are formed 
into rolls and hoisted into position, alongside the 
lower edges of the upper canvas, with blocks and 
tackle. The bundles are then lashed to the steel 
arches and the blocks removed. The canvas is 
then laced to the upper canvas, unrolled and clipped 
to the side cables a. The cables 6b, at the inter- 
mediate arches, which were previously: only tem- 
porarily secured at the lower ends are laid over the 
lower canvas and fastened to the steel frame at the 
bottom. The arrangement of the roof canvas at 
ground level is shown in Fig. 9, opposite. It is 
laced to a series of eye bolts connecting to a hori- 
zontal angle iron, the arrangement allowing of 
local adjustment to draw the canvas taut through- 
out its length. The lacing can be seen in Fig. 2 
and the angle iron and side plate, over which the 
lower end of the curtain is draped, in Fig. 4. It 
passes around a rail, shown at c in Fig. 9, which 
helps to zetain the lower end in " 

As will be seen from Figs. 2 and 3, the end cur- 


tains are formed with openings through which the | PT 


nacelles of aeroplanes may be entered, so that the 
engine unit lies inside the hangar while the main 
part of the aircraft remains outside. These i 
are controlled by draw-strings and the flexible 
petticoat arrangement shown in Fig. 3 enables the 
canvas to be nested closely over the nacelle so that, 
in severe weather, men working on the engines are 
fully protected from outside conditions. A draw- 
string is provided so that the centre vertical joint 
may be unlaced for the full depth, and, when 
desired, the curtains may be slid back on the runway 
on which they are carried, providing an opening 
55 ft. wide at each end. 

The fabric of the cover consists of two layers of 
canvas duck bonded together with a synthetic 
rubber. It is fire resistant and mildew-proof. In 
test, it has sustained a hydrostatic of 
450 lb. per square inch and a bag constructed of the 
material has remained inflated at 25 lb. per square 
inch for 12 hours without appreciable loss of air. 
The cover has shown itself able to withstand strong 
winds and to carry a moderate snow load. A wind 
of 55 miles per hour was blowing when the photo- 
graph was taken from which Fig. 2 has been repro- 
duced. It is considered that the hangar would be 
able to stand up toan 80-mile per hour wind and that 
it would be possible to carry out repair work inside 
it at a temperature as low as — 40 deg. F. A 
special oil-burning heater has been provided for 
work in such conditions. The total weight of 
material in the hangar is 23-4 short tons and the 
heaviest part weighs 559 Ib. Most of the material 
is made up in 300-Ib. bundles. The hangar was 
constructed by the Wisconsin Bridge and Iron 
Company, Milwaukee, Wisconsin, U.S.A. 


NOISE REDUCTION IN 
POWER-STATION OFFICES. 


By C. A. Mason, B.Sc., M.I.E.E., A.M.I.Mech.E. 


Tr is desirable for comfort that the noise level in 
offices should not exceed 60 phons. This require- 
ment may be difficult to meet in offices connected 
with power stations, as they are often near the 
turbine room, where measurements show that the 
average noise level may be as high as 90 to 100 
phons in the vicinity of the plant. The greater part 
of this noise is due to the windage of the high-speed 
machines and can be reduced to 55 phons in the 
offices if the intervening main wall consists of 
13} in. brickwork, or its equivalent, with a mass 
of 120 Ib. per square foot of surface area. Even 
with the best-designed 3,000 r.p.m. machines there 
will be, in addition to windage, a small amount of 
vibration at 50 cycles per second due to rotation, 
and there may also be some vibration at 100 cycles 
second due to magnetic causes. This low- 
frequency vibration is inaudible as noise at the 
machine, and may even be difficult to detect by 
mechanical means. Nevertheless, it will be trans- 
mitted to adjoining structures. 

In normal circumstances these vibrations will 


re-radiation from distant walls. If, however, any 
factors likely to amplify the noise are present, 
such as air resonance in the room, undesirable 
noise levels may result. The author has, in fact, 
been called in to examine offices with a noise level 
of 100 phons, which has been almost entirely due 
to structure-borne vibration of low frequency. 
In such examples, changes of intensity up to 
40 phons are often observed from poiut to point 
in the room, according to the amount of damping 
present. These extremes indicate the effect of 
air resonance, and a noise level which has been 
increased in this way may originate from a vibration 
with an amplitude as small as 10-5 in. Such con- 
ditions, however, are intolerable in an office. 
Excessive noise due to the transmission and 
amplification of small vibrations can be reduced 
either by preventing the vibrations from being 
transmitted from the plant to the offices or by 
reducing the noise level in the office itself. While 
it would be possible either to mount the generating 
plant or the offices on flexible supports or to separate 
their foundations, it would be difficult to eliminate 
all vibration in this way owing to the depth of 
excavation involved; it would also obviously be 
uneconomical. The alternative is to reduce the 
noise by the use of sound-absorbing material or 
“ acoustic treatment.” Unfortunately, the absorp- 


not cause excessive noise levels as a result of} 


low and such treatment is therefore useless at this 
frequency. The hard plaster or reinforced concrete, 
now commonly used for walls, is also ineffective in 
absorbing such vibrations. Resonant conditions, or 
the formation of characteristic tones, therefore 
occur and result in the formation of standing waves 
which, as already mentioned, cause wide variations 
in noise level in the room. 

Rayleigh has shown that the natural frequencies 
of the air vibrations which can exist in a rect- 
angular room are given by 

| eT 
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where f is the frequency i in nie per second, v_the 
velocity of sound in air in feet per second, 1,, l,, 
and |, the dimensions of the room in feet, and A, 
B and C are integers. It is clear from this formula 
that there are a large number of mcies for 
each room ; and that these will be determined by its 
dimensions and by the values assigned to A, B and C. 
According to the author’s experience, conditions 
causing large increases in sound intensity will only 
occur when the values of any or all the integers, 
A, B and C, are zero or unity. If the integer is zero 
then the sound intensity, measured at any point 
along the dimension associated with it, is constant. 
If the integer is unity then the intensity of the 
sound, measured along the dimension associated 
with it, varies from a maximum at one end, through 
@ minimum at the centre to a maximum at the other 
end. A typical example, which the author has 
investigated, is given in Table I. The figures apply 
to a room 20 ft. long by 13 ft. 10 in. wide by 15 ft. 
high. The noise level in the centre of the room was 
70 phons and had a complex wave form, while that 
at the corners was 100 phons and was of pure 50-cycle 
shape. No change in the noise level could be 
detected for a movement parallel to the height 
dimension. The resonant condition was eliminated 
by building a brick wall across the end of the room, 
so as to alter its length from 20 ft. to 15 ft. This 
change alone reduced the peak noise level by 25 

The space lost in the room was not wasted, 
the 5-ft. wide annexe, which was formed, being used 
for storage purposes. This is by no means an 
isolated example in the author’s experience, as it 
has been found that room dimensions frequently 
combine to give very unfortunate resonant condi- 
tions. 


TaBLeE I. 





Value of Integers, | 
_} Natural Frequency 
Cycles per Second. 





| 
Q | 





VA | B. | | 

1 0 0 28-5 
0 1 0 41-1 
0 0 1 38-0 
1 1 0 50-0* 
0 1 1 55-9 
1 0 1 47°5 
1 1 1 62-7 





* Resonant conditions, 


As an undesirable resonant condition is solely 
a function of the room dimensions it should be 
possible to avoid it by a correct selection of these 
dimensions during the layout stage. As the calcu- 
lation of f for various values of A, B and C and 
1,, 1, and J, is laborious, curves have been prepared 
to indicate rapidly the dimensions which should 
be avoided. In order to avoid resonance, the 
natural frequency f must differ from 50 cycles 
by an amount which depends upon the damping. 
Experience indicates that a difference of 2 cycles is 
sufficient to reduce any trouble from this cause. 
Two sets of curves have therefore been prepared 
and are reproduced in Figs. 1 and 2. Fig. 1 applies 
where the supply frequency is maintained at 50 
cycles per second and shows the dimensions which 
must be avoided to prevent resonance in the 
48 to 52 cycle band. Fig 2 applies where the supply 
frequency may vary between 48 and 50-5 cycles 
(which is nearer present day conditions) and shows 
the dimensions which must be avoided to prevent 
resonance in the 46 to 52-5 cycle band. 

As will be seen, one dimension 1, is plotted against 
1, and J,, and from the formula given above it will 








tion coefficient of such materials at 50 cycles is very 


be seen that resonance for one dimension alone 
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(i.e., when one of the integers A, B or C, is unity 
and the others are zero), occurs when 
v 


1 ss or 

There is therefore a prohibited band of dimen- 
sions, given by the variations of 7 within which 
l,, lg or 1, must not fall. These dimensions are 
indicated by the shaded areas marked a and 8, 
in Figs. 1 and 2. A value for 7, must therefore be 
chosen which is above or below the values within 
the band a and the further effect of the dimensions 
1, and J, is then ascertained. For resonances where 
one integer is zero and the other two are unity, if a 
particular value is chosen for one dimension the 
other must not lie within certain limits. For any 
value of 1, above the prohibited band a, J, must 
not lie in the region between the curve c and the 
curve d. For any value of J, below the prohibited 
band a, 1, may have any value, except those within 
the band 6. For resonances where A, B and C are 
all unity if 1, is greater than the values in the 
prohibited band a the values for ’ and 7, must 
not lie within the shaded area 6 ox between the 
curves e and d. In some cases it may be per- 
missible to choose a value for 1, which lies between 
the curves ¢ and e, but the corresponding value 
for 1, must then be very large. Reference to the 
formula is then the only safe way of assessing the 
validity of the procedure. If 1, is chosen below 
the limit of a, then any “characteristic tones ” 
are above 52 cycles and only the remaining two 
dimensions need be considered, as when two of the 
integers are unity and one is zero. 

The procedure~adopted in using these curves 
may be made more explicit by considering the 
following examples. If the height of the room is 
less than 10 ft., any resonance will be above 52-5 
cycles and only the remaining two dimensions need 
be taken into account. If one of these, 1,, is 15 ft., 
reference to Fig. 1 (taking 1, as abscissa) shows 
that J, must not lie between curves c and d and 
must therefore either be more than 18-5 ft. or less 
than 15-5 ft. It must also not lie in the band }b; 
that is between 10-8 ft. and 11-8 ft. If the height 
of the room is 15 ft., 1,, reference to Fig. 1 will 
show that /, and J, must not lie between curves e 
and d or within band b ; J, and J, must therefore 
each be more than 27 ft. or less than 15-5 ft. and 
also must not be between 10-8 ft. and 11-5 ft. lf 
either 1, or /, are to lie between curves c and e 
(18-5 ft. to 27 ft.) then the ining dimensions 
must be much more than 27 ft. and the conditions 
must be checked by the formula. These examples 
apply when the supply frequency is 50 cycles per 
second. If the frequency varies between 48 and 
50-5 cycles the curves given in Fig. 2 must be used. 
The following rules must be observed in interpreting 
the curves in Figs. 1 and 2: dimensions within the 
shaded areas a and b must never be used and for a 
given value of 1, the corresponding values for /, 
and /, must not lie within the shaded areas e and c. 
As the dimensions 1,, 1, and 1, may refer to length, 
width or height, they should be interchanged and a 
check made to see whether any prohibited conditions 
then arise. 

The formula for resonant conditions indicates 
that when A, B and C are greater than unity, 
resonance may occur at multiples of 50 cycles, as, for 
example, at 100 cycles per second. In the author’s 
experience, however, no trouble has ever been 
associated with such frequencies. When making 
observations near the alternator end of a set, it 
often appears that 100-cycle vibration is predomi- 
nant, but the energy associated with it never seems 
to be comparable with that at the fundamental fre- 
quency due to residual out of balance. Higher values 
of A, Band C may cause resonance at 50 cycles if 1,, 
1, and 1, are large enough. Such cases, however, 
are rare ; and itis very unlikely that a room to which 
they applied would be used as an office owing to 
its size. If any doubts exist, resonant conditions 
can be avoided by using the formula and suitably 
choosing the dimensions. 

As has been mentioned, acoustic treatment is 
useless at 50 cycles persecond. It should be remem- 
bered, however, that if precautions are taken to 
avoid 50-cycle resonance, the remaining noise con- 


tains complex frequencies of a higher order. Acous- 
tic treatment may then be useful in reducing the 
noise level by 10 to 15 phons in favourable cases. 
The usual method is to cover the ceiling (and some- 
times the upper part of the walls) with some form 
of acoustic tile. Such treatment, however, will 
have a negligible effect if 50-cycle resonant condi- 
tions predominate. 

In conclusion, there are, in the author’s experience, 
Offices attached to power stations in which noise is 
excessive Owing to air resonance at 50 cycles per 
second. In fact, such conditions are more usual 
than is generally realised. Their importance is 
shown by the fact that measurements have indicated 
frequent increases of 20 phons and in some cases 
of as much as 40 phons. A cure can usually be 
effected in existing buildings by erecting suitable 
partitions, at a sacrifice of a little floor space, or by 
lowering the ceiling. In new buildings a complete 
cure is obtainable, without entailing additional 
expenditure, by avoiding certain room dimensions. 





LITERATURE. 


4 Century of Book Publishing, 1848-1948. D. Van 
Nostrand Company, Incorporated, 250, Fourth-avenue, 
New York 3. 

THERE are a number of publishing firms in the 
United States that have been in existence for a 
hundred years ; the names of some, particularly in 
the scientific and technical spheres, are probably 
as familiar in this country as those of great British 
houses. An honoured place among them is held 
by the D. Van Nostrand Company. It is pointed 
out in this history of the firm that all the century-old 
publishers “‘ have adhered in the main to a tradi- 
tional type of publishing, leavened in individual 
cases with successful excursions into new areas.” 
This certainly applies to D. Van Nostrand, whose 
activities throughout have lain in the fields of 
science and technology, although it appears from 
the concluding chapter of this book that treatises 
on various aspects of sport are now being added to 
the company’s list. Publishing is a commercial 
business, and if it is not carried on on a sound 
economic basis, it will cease to exist. In the scien- 
tific sphere, however, it is also a profession de- 
manding knowledge of the intellectual require- 
ments of workers in a wide range of activities. A 
leading position will not be taken by a firm that 
merely publishes manuscripts which are offered to 
it. Centra] guidance, cognizant of the direction of 
scientific advance, is necessary, and the extent to 
which such control has directed the publishing 
business of D. Van Nostrand is shown by the fact 
that “‘ perhaps even 75 per cent.” of the books 
published “‘in the past twenty-five years have been 
projected and planned in office conferences.” 

The firm was founded by David Van Nostrand, 
a descendant of the early Dutch settlers in New 
York, who was born on Long Island in 1811. His 
mother desired him to be trained as a clergyman, 
but preferring a business career, he entered, at the 
age of 15, the establishment of a firm of booksellers 
and publishers in New York. The two activities 
were commonly combined in those days. In 1834, 
in partnership with a William Dwight, of whom 
little is known, he founded the publishing firm of 
Van Nostrand and Dwight. Various books of a 
religious nature were published, but the venture 
lasted only a few years. Van Nostrand then went 
to New Orleans, where he resided for about 11 years. 
He became a member of the civilian staff of the 
Army Corps of Topographical Engineers, a post 
which brought him closely in touch with engineering 
matters, particularly in their military aspect ; the 
influences to which he was subjected during this 
formative period may be said to have directed, for 
the next 100 years, the main activities of the firm 
he founded. 

In 1848, Van Nostrand returned to New York 
and commenced business as a bookseller and 
publisher. The business first undertaken was the 
importation of military, technical and scientific 





books from England and France, and the extent of 
the operations conducted is made evident by a 








‘Catalogue of American and Foreign Military and 
Naval Books, published, imported and for sale by 
D. Van Nostrand.”’ This contained nearly a 
thousand titles in three languages. It was issued 
in the ’fifties, and in the same period the firm’s 
own publications began to a . The earliest 
consisted of a series which dealt with the mineral 
resources of various parts of the United States, and 
text-books on such matters as geometrical drawing 
and analytical mechanics. Many books on military 
matters were also published; the American civil 
war directed interest to military subjects and 
D. Van Nostrand was appointed official publisher 
to the United States Army and Navy. 

After the war, the number of volumes on such 
subjects as mining, metallurgy, surveying, and rail- 
way engineering greatly increased and the founda- 
tion on which the present world-wide business rests 
was firmly laid. It is not possible here to trace the 
steps of that advance, but there is one early matter 
which may be referred to as it establishes a con- 
nection, perhaps tenuous, between this journal and 
the history of a great publishing firm. In 1869, 
Van Nostrand established Van Nostrand’s Engin- 
eering Magazine, and maintained it in publication 
until his death. The first editor was Alexander 
Lyman Holley. The name of this periodical as 
given above is taken from the book under review, 
but as a matter of bibliographical interest it may be 
mentioned that, in the volume entitled Memorial of 
Alexander Lyman Holley, C.E., LL.D., published by 
the American Institute of Mining Engineers in 1884, 
the name is given as the Eclectic Engineering 
Magazine. The present point is that Holley was 
closely connected with Zerah Colburn, the founder 
of Enernzertne. Colburn sold the Railway Advo- 
cate, a periodical he owned, to Holley in 1856. 
Holley was closely connected with the early years of 
ENGINEERING, and the memorial volume contains 
a list of 41 articles appearing in our columns, of 
which he was part author. 

In conclusion, it should be said that while we 
trust that this review will prove of interest to our 
readers, it is not intended to encourage them to 
order the book. The volume is not on sale; the 
firm state in a covering letter that ‘‘this edition 
has been prepared entirely for our friends.” It 
is a pleasure to be included in that company, 
and this review is a tribute to a great scientific 
publishing house and an expression of the hope that 
the long-standing connection may endure. 





PRIVACY OF SHARED TELEPHONE LINES.—In a written 
answer to Mr. F. W. Skinnard in the House of Commons 
on Wednesday, May 11, the Postmaster-General (the 
Rt. Hon. W. Paling) said that in the shared telephone ser- 
vice only two subscribers shared a line and each bad a 
separate number. When one subscriber made a call or 
his bell rang no indication was given to the other sub- 
scriber. The only chance of casual overhearing was 
when one subscriber wanted to make a call while the 
other was using the line. At present, about 132,000 sub- 
scribers were sharing lines, of whom about 40,000 were 
business subscribers. Their experience confirmed that 
there was little risk of overhearing in practice. 





“ ARGONARC ’”? WELDING EQUIPMENT.—The “ Ar- 
gonarc ” welding process, of which particulars have been 
received from the British Oxygen Company, Limited, 
Grosvenor House, Park-lane, London, W.1, has been 
developed especially for welding aluminium, magnesium, 
copper, nickel and their alloys, as well as for stainless 
steel. The necessary equipment consists of an electric 
“torch,” which is supplied with a current of 150, 300 
or 600 amperes, and also with argon gas, so that the 
welding is carried out in an inert atmosphere of the gas. 
The gas is led in through a compound cable and gas hose, 
and emerges from a ceramic shield. This shield is 
designed so that the gas flow is evenly directed round a 
tungsten electrode by which the are is formed to the 
welding zone. The argon, which has a minimum purity 
of 99-5 per cent., is stored in cylinders at a pressure of 
1,800 Ib. per square inch and is supplied through a 
regulator in which the pressure is reduced to from 2 Ib. 
to 10 Ib. per square inch. To prevent the tungsten 
electrode being contaminated by the parent metal, a 
high-frequency current at low voltage is imposed on the 
welding current, and this enables the arc to be struck 
without actual contact between the electrode and the 
work. Either an alternating or direct-current supply can 
be employed, the former being best suited for aluminium, 
while the latter is recommended for copper. 
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1-KW, 110-Votr Drmect-Current DreseL GENERATOR ; 


Fie. 45. 


Messrs. Auto Drgesets, LIMITED. 


THE BRITISH INDUSTRIES 
FAIR AT BIRMINGHAM—IV. 


In concluding our account of the exhibits at the 
British Industries Fair, Birmingham, mention 
should be made of those of Auto Diesels, Limited, 
Uxbridge, who showed a range of portable generating 
sets ranging in size from a 500-watt battery charger 
to a 6-25-kVA automatic house-lighting plant. 
One of the sets, a 1-kW 110-voit direct-current 
machine, is illustrated in Fig. 44, on this page, 
from which it will be seen that the carriage is fitted 
with tracks, thereby rendering it particularly useful 
for use in locations which are difficult of access. 
The power unit is an industrial-type, two-cylinder, 
horizontally-opposed four-stroke petrol engine hav- 
ing a bore and stroke of 56 mm. and 60 mm.., 
respectively, and developing 2} brake horse-power 
at 1,500 r.pm. The engine is started by hand 
and is fitted with an impulse-type magneto, an 
air cleaner and a governor. It is connected 
directly to the generator through a flexible coupling. 
The generator can be either shunt or compound- 
wound, according to requirements, and is built to 
British Specification No. 168. The switchgear and 
controls are fitted to a sheet-steel panel, and com- 
prise a voltmeter, an ammeter, and a combined 
main switch and overload circuit breaker, shunt- 
field regulator and connectors. The combined 
switch and circuit breaker dispenses with fuses, and 
can be set at any pre-determined overload within 
the maximum for the machine. The baseplate is 
fabricated from steel channel sections and the super- 
structure from steel tubes. The axle for the two 
track units is arranged sufficiently far from the point 
of balance to give good stability when stationary 
but not far enough to affect mancuvrability. 
The set is particularly suitable for floodlighting and, 
when required for this purpose, can be supplied 
with a set of four telescopic masts which can be 
fitted either directly into the frame of the unit or 
used independently. The lights can be turned 
through 360 deg. and the masts can be extended 
to a maximum height of 15 ft. 

Auto Diesels, Limited, were also showing a new 
range of self-priming centrifugal pumps which can 
be driven either by an electric motor, a petrol engine 
or a Diesel engine, and can be supplied in 1} in., 
2 in., 3 in. and 4 in. sizes. The 1}-in. pump is 
illustrated in Fig. 45, on this page, where it is shown 
fitted with a petrol engine and arranged for trans- 
porting on a wheelbarrow-type truck. The engine 
is a 1-h.p. four-stroke air-cooled unit and the pump 
casing is bolted to the crankcase, the impeller being 
fitted directly to an extension of the crankshaft. 
The combined engine and pump is bolted to two 
channel-section members which fit into the frame 
of the single-wheel truck. The unit can be 


removed from the truck at will, a carrying handle 
being provided for this purpose; the handle can 


| be seen in Fig. 45, just above the petrol tank. The | 


pump, as previously mentioned, is self priming, and 
it is fitted with a suction check valve, thereby making 
it unnecessary to fit a foot valve to the suction hose. 
The impeller is of the three-blade open type and is 


The performance, of course, varies with the head and 
suction lift, but with a 5 ft. suction it will deliver 
2,750 gallons an hour against a head of 30 ft. and 
1,000 gallons an hour against a head of 50 ft., 
while with a 25-ft. suction, it will deliver 1,650 
gallons an hour against a head of 30 ft. and 800 
gallons an hour against a head-of 50 ft. 

An unusual design of watch-maker’s lathe, which 
can be converted into a vertical sensitive drilling 
machine, was being shown by the Coronet Tool 
;Company, 14, Cromwell-road, Derby. The lathe, 
which is known as the Ruby, is illustrated in Figs. 
46 and 47, on page 462. Fig. 47 shows it arranged 
as a lathe, while Fig. 46 shows it converted to a 
| drilling machine. Although the machine illustrated 
is fitted with a hand rest, provision is made for 
accommodating a compound slide rest, which can be 
used either for turning or for converting the lathe 
into a vertical milling machine. Furthermore, the 
spindle of the driving motor is extended at both ends, 
one end being fitted with a two-speed V-belt drive, 
while the other can be equipped with an adapter for 
holding a grinding wheel or used for driving flexible- 
shaft equipment. The height of the lathe centres is 
1} in. and the length of bed 1l in. The headstock 
lis fitted with an adjustable cone-type bronze 
| bearing and a ball-thrust bearing, while the spindle 

is bored out to accept 8-mm. collets of the draw-in 

| type. The tailstock is fitted with a sliding panel 
and feed lever, and like the headstock, is bored 
to receive 8-mm. collets. As will be seen from the 
illustrations, the bed is made from round bar, but 
the tailstock and tool rest are located by spring- 
loaded plungers which enter a groove machined 
along the underside of the bed, so that, by releasing 
the plungers, it is possible to swing the tool rest 
| and tailstock out of position. This is a particularly 
useful feature, as it allows the tool rest to be moved 
away from the work when gauging without altering 
|its setting, as the spring-loaded plunger ensures 
that the rest returns to its original position. The 
lathe is fitted to its baseplate by a spigot integral 
with the headstock casting, which fits into a split 
socket fitted to the baseplate, and it is secured by a 
conventional clamp screw. To convert the lathe 
to a drilling machine, it is only necessary to release 
the clamp screw, withdraw the spigot and insert the 
end of the bed remote from the headstock into the 
socket. A small table is screwed to the sliding 
barrel of the tailstock and the work is fed up to the 
drill by the hand lever referred to previously. 
The lathe shown in Fig. 47 is fitted with a faceplate 
}and driving pin but a 24-in. chuck can be fitted 
when required. 








capable of dealing with 25 per cent. of solid matter. | 





PeTrot-DriveN Pump; Messrs. Auto DIESELS, 


LIMITED. 


An interesting dumper truck, which is known as 
the ‘‘ Builder’s Mate,” was being shown for the 
first time by Messrs. George Fowell, Limited, 
Rabone-lane, Smethwick. The truck is illustrated 
in Fig. 48, on page 462, from which it will be seen 
that it is a four-wheel machine of compact design. 
It has been designed primarily for use on building 
sites, but obviously is not confined to this class of 
work as it should prove equally useful for agricul- 
tural and industrial transport generally. The load 
that can be carried depends, of course, on the condi- 
tion of the ground, but on hard surfaces it ean handle 
a load of 10 cwt., while its capacity for earth, rub- 
bish, etc., is 4 cubic yard, and for wet concrete, 
7 cubic feet. The chassis is divided into two parts, 
namely, the fore-carriage, to which the hopper is 
fitted, and the main frame. The two parts are 
connected by a rubber joint and, as will be seen from 
the illustration, the truck is steered by moving the 
fore-carriage. This arrangement gives exceptionally 
good manceuvrability and the complete machine 
can be turned in aisles having a width of only 
13 ft. ; furthermore, the fore-carriage can articulate 
independently of the main frame, a condition which 
gives good cross-country travelling characteristics. 
The power unit is fitted to the main frame and con- 
sists of a single-cylinder, air-cooled petrol engine 
manufactured by Messrs. Petter, Limited, Lough- 
borough. It develops 5 brake horse-power, and 
Messrs. Fowell claim that, for normal working, the 
petro] consumption is less than two pints per hour. 
The transmission is arranged to give one speed in 
both forward and reverse directions of travel and the 
transmission assembly is designed so that the differ- 
ential and final-drive gears are situated in the main 
gearbox. The gearwheels are made from nickel- 
chrome steel and the gear shafts are fitted with ball 
bearings. The fore-carriage wheels are provided with 
29-in. by, 5-in. pneumatic tyres and the driving 
wheels with 6-00-in. by 16-in. traction tyres ; the 
driving wheels are also fitted with Dunlop-Girling 
brakes. The nopper is of robust construction and 
the tipping mechanism can be operated from the 
driver’s seat. The machine has a length of 6 ft. 6in., 
a width of 4 ft. 2in., and a hr ight of 3 ft. 9 in., while 
the weight, in working order, is 11} cwt. The speed 
in forward gear is 3} miles per hour, and in reverse 
24 miles per hour. The fore-carriage is designed so 
that it can be fitted with a blade suitable for light 
levelling and back-filling; the blade is shown 
in Fig. 48, where it can be seen on the ground in 
front of the machine. 

Messrs. British Jeffrey-Diamond, Limited, Wake- 
field, Yorkshire, exhibited some of their range 
of breaking, crushing, pulverising and grinding 
machines for friable materials. The ‘‘ Atomill,”’ 








a fine grinder, or pulveriser, of the swing-hammer 
type, was described in ENGINEERING, vol. 164, page 





219 (1947). The 24-in. by 20-in. swing-hammer 
| pulveriser, illustrated in Fig. 49, on page 468, was 
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designed for reducing 10 tons of limestone per hour 
for agricultural purposes to such a range of sizes 
that 50 per cent. of the particles will pass through 
a British Standard 100 mesh. The machine con- 
sists of a rotor, 20 in. in length, which carries a 
number of radial hammers or arms, and is rotated | 
above a screen. The material is fed in through an | 
opening on the top of the machine and is broken | 
up by the action of the hammers, which sweep past 
a fixed “ breaker plate.” This action is sometimes 
sufficient to reduce the material to the required size, 
but in certain cases the screen is necessary to ensure 
that the material is pulverised sufficiently before it 
is allowed to pass through. The hammers are loosely 
pivoted on the rotor and remain in the working 
(radial) position due to centrifugal force. When 
worn on one corner they can be removed and 
replaced so as to use each of the other three corners 
in turn. The rotor is mounted on anti-friction 
bearings, and is driven by a belt, although the larger 
sizes of machines can be arranged for a direct drive. 

Messrs. Higgs Motors Limited, Witton, Birming- 
ham, 6, were exhibiting a number of electric motors, 
of which the alternating-current variable-speed 
commutator type illustrated in Fig. 50, on page 468, 
may be taken as an example. These machines, 
which are made in a number of combinations of 
horse-power and speed, varying from about 0-5 to 
56 h.p., have been developed to meet the demand for 
motors with a wide speed variation. Fundamentally 
they have a shunt char: cteristic and the efficiency is 
high over che entire speed range, since all excess 
energy is returned to the line through the speed 
regulator. Commutation is sparkless at all speeds, 
an advantage which is obtained by the use of a 
special commutating winding and fixed brush gear. 
As the stator is connected to the mains slip rings are 
unnecessary and the distance between the bearings 
can therefore be reduced. Generally speaking, the 
mechanical design of these motors is similar to that 
of the firm’s standard range of induction and direct- 
current machines. Where the speed range exceeds 
2 to 1, however, a blower unit is mounted on the | 


























Fig. 48. 


end shield to ensure adequate cooling at the lower | 
speeds. The rotor is wound with both a main and} 
commutating winding which are connected to the | 
same commutator. The stator is generally similar 
to that of an induction motor, but includes an 
auxiliary winding, which is connected in series with 
the brushes and the induction voltage regulator. 
This regulator is of the vertical type and com- 
prises a stator which is housed in a cylindrical 
iron casing and a rotor which can be operated by 
hand or by a pilot motor through worm gearing. 
Both the stator and rotor have a double cross- 
connected winding, so as to provide a variable 
voltage output without phase shift. The regulator 
is cooled by a motor-driven blower in the base. 

The exhibits on the stand of Messrs. Mono Pumps, 
Limited, 67, Clerkenwell-road, London, E.C.1, 
included the prototype of a new range of stainless 
pumps, which is being developed for use in the food 
and allied industries. The prototype pump is 
illustrated in Fig. 51, on page 468, where it is shown 
dismantled. It is known as the “‘ Kuickleen ” and 
employs the same principle as that used in other 
Mono pumps, but whereas in the standard pump 
the eccentric motion of the helical rotor is taken 
up by two universal joints, the new pump is con- 
structed so that this motion is allowed for by 
the flexing of the stator, which is suspended by 
a flange from one end only. This method gives 





a simpler construction and allows the rotating 


10-cwr. DumprerR; Messrs. GEoRGE Fowetz, Limrrep. 


assembly to be withdrawn from the pump body by 
removing a single pin. The housing unit and the 
stator are dismantled by removing two wing nuts 
and the complete pump can be dismantled in an 
exceptionally short time. All internal surfaces 
which make contact with the fluid being pumped 
are polished, and the stator is made from a non- 
contaminating composition. All parts can be 
sterilised and the pump provides, therefore, a higher 
standard of cleanliness than has been obtained 
hitherto. The suction and delivery ports are fitted 
with quick-release couplings and installation is 
facilitated by the fact that the delivery branch can 
be moved through 60 deg. each side of the vertical 
centre line. The body of the pump is provided with 
a jacket which can be used for heating or cooling ; 
as a consequence, it can be used for free-flowing or 
thick viscous fluids. 

Reference has already been made, on page 438, 
ante, to the exhibits of Messrs. George Cohen, Sons 
and Company, Limited, Wood-lane, London, W.12 
(one of the ‘‘ 600” Group of Companies). On the 
same stand was the Coborn 50-ton hydraulic press 
which is illustrated in Fig. 52, on page 468, and 
has been designed for the production of plastic 
or rubber mouldings. The platens are 17 in. 
by 16 in., of cast steel with mild-steel backing 
plates, each with six 825-watt heaters, and the 
temperature is controlled by a thermostat which 
is adjustable from 200 to 450 deg. F. The main 
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ram moves the upper platen downwards, the force 
being adjustable between 10 tons and 50 tons, and 
the stroke 10} in. The force of the return stroke, 
which is available for ejection, is approximately 
3 tons. The ram moves downwards at a speed of 
1 in. per second, and upwards at 2 in. per second ; 
the cycle time, excluding curing or loading, is 
approximately 15 seconds. The main ram is of 
high-duty cast iron, moving in a cast-steel cylinder, 
and a cast-steel bolster plate is provided beneath 
the lower platen to allow normal pin-type ejectors 
to be fitted. The whole of the ejector mechanism 
is lifted at the top of the return stroke ; heavy coil 
springs are put into compression when the upper 
table is raised to its maximum height, and they 
return the whole ejector mechanism when the table 
is lowered. The main control lever has three 
positions—raise, neutral and lower—and is inter- 
locked with the guard. The press is supplied with 
oil under pressure by a rotary vane pump driven by 
a 3-h.p. motor, both contained in the lower part of 
the machine. The press is approximately 6 ft. 8 in. 
in height. 

Messrs. Heenan and Froude, Limited, Worcester, 
were exhibiting a strip-forming machine, a nail 
press, and a Heenan-Dynamatic coupling which pro- 
vides a variable-speed drive for the nail press. The 
$103A strip-forming machine is illustrated in 
Fig. 53, on page 468. It was shown producing 
200 clips per minute from narrow steel strip, the 
high rate of production being due to an arrange- 
ment whereby two clips are produced simultane- 
ously for each cycle of operations. The machine is 
driven by a 2-h.p. motor and can handle strip 
material up to 1} in. wide. The maximum length 
of blank that can be formed is 4in. It is, of course, 
impossible to specify in a few words the very wide 
range of components which the machine can pro- 
duce ; that depends on the tooling of the machine, 
subject to certain limiting characteristics. The 
sequence of operations adopted for demonstration 
purposes at the Fair, however, was typical of the 
type of strip forming which can be undertaken. 
The strip first passes horizontally through the press 
part of the macbine, in which it is successively 
letter stamped with the patent number, etc., 
pierced with a hole, and cut off to the blank length ; 
the cut is vertically through the centre of the hole 
so that each end of the blank is ‘‘ double-pronged ” 
to conform with the shape of one end of the clip 
being produced. The blank, while being cut off, 
is in pgsition in front of a fixed vertical mandrel, 
the cross-section of which corresponds with the 
desired shape of the clip. A forming tool is ad- 
vanced by a borizontal slide and partly wraps the 
blank round the mandrel; the final wrapping is 
effected by two other tools on slides. The formed 
blank is then pushed down the mandrel to a lower 
position where another tool advances and cuts it 
into two finished clips. Meanwhile, the first stage 
of production is proceeding on another blank in the 
first position on the mandrel. Thus, as many as 
six or seven press operations are completed by the 
machine in one cycle. 

Messrs. Stelcon (Industrial Floors), Limited, Clif- 
fords Inn, London, E.C.4, were exhibiting the 
‘** Stelcon ’’ reinforced-concrete wall unit which is 
illustrated in Fig. 54, on page 468. Any number of 
these units can be placed side by side, using special 
mitred units for the corners, to form an enclosed 
storage area for coal, gravel, or any bulk material. 
The particular feature of the units is that they 
increase considerably the storage capacity of a given 
area of ground, the actual ratio of the increase 
depending on the height of the unit, the area of the 
ground, and the angle of repose of the material to 
be stored. The units are 2 ft. wide and the standard 
heights are 3 ft. 6 in., 5 ft., 8 ft. and 12 ft. The 
second feature, which to some users is more signifi- 
cant than the first, is that the wall is transportable. 
A storage area in which, perhaps, several different 
materials are segregated by interior walls, may 
cease to be suitable in size and shape. It may 
even be necessary to move the storage area elsewhere 
to make room for the expansion of a works. In 
such cases the wall is readily moved to a new 
location. The units stand firmly on their feet 
without any other support, and the weight of the 
material stored, pressing on the main part of the 








foot, serves to increase their stability. The enclosed 
storage area will accommodate material to the full 
height of the wall at the perimeter, following the 
angle of repose of the material to the centre, with a 
maximum height of 14 times the height of the wall. 
The units weigh 500, 850, 1,200 and 3,675 Ib. each. 

A new 250-ton moulding press was being shown 
on the stand of Messrs. Foster, Yates and Thom, 
Limited, Blackburn. This has been designed for 
the rapid production of plastic articles and is an 
addition to the firm’s range of Lancastrian machines. 
The frame of the press is of welded construction and 
is fitted with three rams, namely, one downstroke 
and two side-clamping rams, the downstroke ram 
being of the double-acting type whereas each side- 
clamping ram is provided with its own return 
cylinder. The approach speed of the downstroke 
ram is 4-3 in. per second, with a final pressing speed 
of 0-15 in. per second, while the time taken for the 
side rams to complete a stroke of 7} in. is 34 seconds, 
the same period being required to return them to 
the open position. The hydraulic system is oper- 
ated by a high-speed two-stage pump driven by a 
50-h.p. horizontal shaft squirrel-cage motor, oil 
being used as the hydraulic medium. An interesting 
feature of the system is the incorporation of a 
pressure-sustaining valve which ensures that a 
constant pressure is maintained during the complete 
pressing period. The pump and motor are fitted 
to a common bedplate which, together with a 
150-gallon oil-storage tank, are located within the 
frame of the press. The press is of the single- 
daylight type, with platens measuring 24 in. by 
26 in. ; the bottom platen is heated electrically, the 
temperature being thermostatically controlled up 
to a maximum of 320 deg. F. 

Messrs. Foster, Yates and Thom, Limited were 
also showing a selection from their mixers which 
have been developed for dealing with dry ingre- 
dients having different specific gravities. One 
of the machines, which has been designated the 
No. 2 D.P. mixer, has a rectangular mixing drum 
that is supported between two stands. These stands 
are of fabricated-steel construction and, in addition 
to forming a rigid mounting, enable the drum to be 
placed at a convenient height for discharging the 
contents. The machine is driven by an electric 
motor mounted on one of the stands, and drives 
a reduction gear through a belt. The reduction gear 
is coupled directly to the drum, the outer bearing 
for which consists of a self-aligning ball race held 
in a cast-iron housing. The drum usually is 
manufactured from aluminium, the other parts 
in contact with the mix being of chromium- 
plated mild steel. Drums of stainless steel] or other 
suitable material can, however, be supplied where 
chemical or abrasive action is likely to be encoun- 
tered. The impellers are positively located on their 
shaft, but can be withdrawn for cleaning without 
disturbing the shaft or drum ; they are arranged to 
rotate in the same direction as the drum but at a 
higher speed. 

Messrs. C. H. Johnson (Machinery), Limited, 
Adswood-road, Stockport, exhibited a number of 
machines in the outdoor section, including a new 
portable inclinable conveyor and two concrete 
vibrators. One of the latter was the Johnson 
‘“*Multibrater”’ immersion-type concrete vibrator, 
which generates 30,000 impulses per minute. It 
weighs 56 Ib., including the built-in motor, which is a 
}-h.p. machine running at 3,000.r.p.m. The high 
frequency of vibration is obtained by means of 
a cam mounted on the end of a shaft and running 
within a.circle of rollers. The cam strikes each roller 
in turn, and the shock is transmitted to the casing. 
The makers state that the advantage of this method 
of vibration is that swirling and segregation do not 
take place when vibration is continued after the 
maximum compaction has been achieved. Further- 
more, the vibrator can be withdrawn slowly after 
compaction without leaving a “‘dimple” in the 
concrete. The machine is totally enclosed to prevent 
ingress of moisture or dirt. Attachments can be 
supplied for vibrating between mesh-type reinforce- 
ment spaced at $in. to lin., 1}in. to 1}in., and 1g in. 
to 2} in. The overall length of the vibrator is 
4 ft. 18 in., and the diameter of the vibrating 
“needle ” is 23 in. 

The Electric Construction Company, Limited, 





Wolverhampton, were showing a 500-ampere 
rectifier of the type that they have recently been 
manufacturing for use with electroplating plants. 
The main characteristics of this oil-immersed 
equipment, which incorporates a selenium rectifier 
unit, an auto-transformer and a main transformer, 
are the use of internal cooling tubes and a rectangular 
tank with smooth external surfaces. The auto- 
transformer is provided with taps to give on-load 
variations from 2 to 8 volts in 15 steps of 0-4 volt 
per step. Equipments with outputs exceeding 
1,500 amperes are, however, supplied without tap- 
ping switches, but instead are fitted with stepless 
controllers with ranges of either 2 to 8 volts or 
4 to 16 volts, Both the transformers and rectifier 
units are built into an angle-iron framework, which 
is bolted to the top of a cover plate, so that the 
whole assembly can be lowered into the cooling 
tank in a singie operation. All the leads and 
terminals are covered by the lid of the tank, which 
also provides protection for two recessed tap-chang- 
ing switches, for coarse and fine control, respectively. 
These switches, if desired, can be mounted separately 
for remote control, and each has four positions, so 
that there are sixteen effective control notches. 
Each equipment is supplied with a thermostat, 
which is fitted in the hottest part of the cooling oil. 
Leads are brought out from this thermostat to the 
termina] board at the top of the tank, where connec- 
tion is made to alarm circuits. All the rectifier 
units in this range are suitable for use on 350 to 
440-volt three-phase 50-cycle circuits. 

An interesting exhibit on the stand of Messrs. 
Ferranti, Limited, Hollinwood, Lancashire, was a 
working model of their ‘ Servodyne” electronic 
control system. This is essentially an electronic 
version of a self-balancing servo-mechanism and 
consists of a detecting element by which the error 
or departure from normality in the process under 
control is observed and a correcting element in the 
form of a motor unit, which supplies the necessary 
mechanical output for the purposes of correction. 
Depending upon the physical form of the error, the 
input to the equipment may be derived from a 
photo-electric cell or the unbalanced outputs of a 
bridge circuit or piezo-electric crystal may be used. 
The model of the “‘ Servodyne ” shown at the Fair 
was intended to indicate the sensitivity and high 
rate of follow-up when observing by photo-electric 
means different coloured lines on opaque or trans- 
parent backgrounds or the edges of-fabric materials 
during manufacture. Equipment of this kind, how- 
ever, has also been applied as a web-guider on 
slitting machines in the paper-converting industry, 
and as a cloth-guider in the textile industry. 

Among the fuel injection and electrical equip- 
ment exhibited by Messrs. C.A.V., Limited, Acton, 
London, W.3, was a demonstration model arranged 
to show an electrical method of operating the sliding 
or folding doors of a passenger service vehicle. The 
operation of this equipment is independent of a 
compressed air or vacuum line, and does not there- 
fore interfere with the braking system. The 
demonstration model, which was arranged for push- 
button control, comprises a small reversible electric 
motor which drives a two-armed lever through 
double-worm reduction-gearing and an overload 
clutch. This lever is connected through tie rods 
and a set of cranked levers to the two door shafts. 
The design is such that the doors are fully opened 
or closed when the two-armed lever is rotated 
through 90 deg., but the total travel is controlled 
by limit switches operated by a lever on one of 
the tie rods. The clutch is designed to slip in 
the event of any obstruction in the door guides. 

In concluding our account of the 1949 British 
Industries Fair at Birmingham it would be rash to 
attempt any evaluation of the results obtained. 
From the point of view of the publicist, however, it 
may be described as a little disappointing, since 
the number of novelties was small. On the other 
hand, one of the main objects of the Fair is to show 
what British manufacturers are doing and, as it is 
now possible to give fairly short delivery times for 
many of the products exhibited, orders may well 
follow in satisfactory volume. Price is, unfortun- 
ately, still a stumbling block, but it is evident that 
the standards of quality are being well maintained. ~ 
The Fair closed on Friday, the 13th instant. 
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THE PROPERTIES OF SILICONE 
RUBBER. 


Towarps the end of the recent war, industrial appli- 
cations were found for certain of the organosilicon com- 

unds which, as a class, had been investigated in the 
aboratory for some 80 years. As Dr. D. V. N. Hardy, 
of the Chemical Research Laboratory, Teddington, 
states in Endeavour (Vol. VI, page 29 (1947)), a 
quarterly scientific review published by Imperial 
Chemical Industries Limited, London, the chemistry of 
the organosilicon compounds will always be associated 
with Professor F. S. Kipping, F.R.S., of University 
College, Nottingham, who began his studies in 1890 
and pursued them for nearly 40 years. Much develop- 
ment work, however, appears to have been carried out 
in the United States by various firms and, in 1943, the 
Dow Corning Corporation, Midland, Michigan, U.S.A., 
was formed to manufacture and develop a series of 
new organosilicon products to which the name “ sili- 
cones” was given. One of these products, which is 
usually referred to as silicone rubber, has truly remark- 
able properties, and, as is pointed out by Dr. Hardy, 
it differs from all other rubber-like material in that 
its molecular structure contains no carbon atoms and 
consists of a long chain of dimethyl-siloxane groups 
(O.Si(CH,),). The “gum” is compounded with 
suitable proportions of inorganic fillers and a vul- 
canising agent, and is moulded, pressed or extruded 
at about 150 deg. C. (300 deg. F.). To develop the 
strength of the material it is cured at 250 deg. C. 
(480 deg. F.) for a specified period. The tensile strength 
of silicone rubber is lower than that of most natural 
rubbers, being about 650 lb. per square inch, and the 
maximum elongation varies between 100 and 300 per 
cent. The tear resistance, Dr. Hardy adds, is poor, 
but can be improved by incorporating a fabric with the 
material. The main value of silicone rubber, however, 
lies in its outstanding heat- and oxygen-resisting 
properties and it has been employed extensively as 
gasket material for joints exposed to temperatures of 
up to 200 deg. C. (390 deg. F.) and over. 

The Dow Corning Corporation have given the name 
Silastic to the silicone rubber produced by them and 
marketed in this country by Messrs. Albright and 
Wilson, Limited, 49, Park-lane, London, W.1. Accord- 
ing to particulars furnished by these firms, Silastic, if 
protected from the atmosphere, will withstand con- 
tinuous exposure to temperatures of up to 500 deg. F. 
(260 deg. C.); moreover, it will withstand inter- 
mittent exposure to temperatures well above 500 deg. F. 
It is added that the retention of flexibility at very low 
temperatures is further proof of the fact that the 
material is inherently stable. The dielectric properties 
of the product are stated to be at least equal to those 
of organic rubbers compounded for electrical applica- 
tions, and Silastic has the added advantage that its 
mechanical properties and chemical composition remain 
practically unchanged at temperatures ranging from 
below — 60 deg. to above 300 deg. F. Another 
interesting property of the new material is its good 
resistance to oil at temperatures ranging from 175 deg. 
to 400 deg. F. It swells to a certain extent, but it is 
stated that the swelling does not indicate any serious 
deterioration; on the contrary, it appears that a 
seal is frequently improved by contact with hot oil. 
This explains the increasing adoption of the material 
in aircraft and internal-combustion engineering. Sili- 
cone rubber is also water repellent, and offers satisfac- 
tory resistance to 3 per cent. hydrogen peroxide, to 
most bases and weak acids, to some strong acids, to 
salt solutions, ozone and ultra-violet light. Silastic 
possesses the important property of remaining soft 
and pliable even when exposed, under stress, to 
weathering for long periods. In contrast to this, data 
published by the Dow Corning Corporation show that 
cracks appear in a relatively short time in some organic 
rubbers when weathered under stress, although the 
material has good resistance when unstressed. 

Silastic is supplied in various grades in a form 
intended primarily for moulding or extruding. Pastes 
having a consistency rendering them suitable for coat- 
ing, laminating, caulking, sealing, and for certain types 
of moulding, are also available. For making laminated 
products possessing increased tensile strength and 
improved tear resistance, while retaining unimpaired 
the stability of the material at high temperatures, 
glass cloth, asbestos cloth and metal fabrics are used, 
as well as cotton, Nylon and other heat-stable organic 
fabrics. Messrs. Richard Klinger Limited, Klingerit 
Works, Sidcup, Kent, inform us that for the past two 
years they have been investigating different methods 
of extruding and moulding the various grades of 
Silastic marketed in this country in the unprocessed 
state by Messrs. Albright and Wilson, Limited, and 
they add that they are now in a position to execute 
orders for this class of work and to supply sheets, 
mouldings and extrusions. It should perhaps he 
pointed out that silicone rubber is an expensive material 
compared with natural rubber, and that the cost of 
finished products averages about 40s. a pound. 








AUTOMATIC LATHE WITH PLATEN SLIDE. 


MESSRS. ALFRED HERBERT, LIMITED, COVENTRY. 

















AUTOMATIC LATHE WITH PLATEN 
SLIDE. 


Messrs. ALFRED HERBERT, LimiTeD, Canal-road, 
Edgw 
Herbert Auto-Junior with platen slide, which is, in 
effect, a simplified version of the earlier Auto-Junior, 
the latter being an automatic lathe with an indexing 
turret and two cross-slides. The new machine, which 


| 


ick, Coventry, have recently introduced the} Herbert Auto-Junior with indexing turret. 


I 


| 


and fittings, including splash guards, can be supplied ; 
— blocks, tapering and forming slides for specific 
work. 

The machine is similar in other respects to the 
The lathe 
is started and stopped by means of a lever on top 
of the headstock, or automatically by cams. The 
driving mechanism in the headstock is lubricated 
automatically by a pump which continuously dis- 


is shown in the accompanying illustration, is provided | tributes filtered oil to the gears, bearings and work- 
with a platen slide, i.e., a plain T-slotted longitudinal | ing parts. The drive from the motor is through 
slide, to which various types of tool blocks for boring or | V-ropes. The spindle is mounted on large parallel- 
turning can be bolted, and one cross-slide at the back of | roller bearings, with two opposed double-purpose 


the machine. 


It is considered that many firms using | ball bearings for taking thrust in both directions and 


batteries of automatic lathes or chucking machines | part of the journal load. A hole 1,4; in. in diameter 


often find that certain components, on which machin- 
ing operations are of a simple nature, do not justify 
the employment of standard automatic machines since 
these cannot be used to full advantage. The Auto- 
Junior with platen slide has therefore been introduced 
for work which can be turned, faced and bored using 
one cut only. The maximum swing is 6 in., and the 
maximum swing over the cross-slide, using the full 
stroke, is 4} in. The main spindle is bored with a 
1 ¥-in. hole. 

The platen slide has a total travel of 64 in. and a cut- 
ting travel of 53 in. The rear cross-slide and the 
platen slide are provided with T-slots. The elimination 
of the turret-indexing mechanism economises in idle 
time, and production is therefore higher than that 
with a standard automatic machine. The arrangement 
of a single rigid tool block on the platen slide also 
tends to increase the accuracy of the machine. Seven 
spindle speeds of 174, 251, 366, 517, 722, 1,018 and 
1,484 r.p.m. are available by means of pick-off gears 
in the headstock, but only one speed can be used for 
any one set-up. Similarly, only one feed for the 
cross-slide and platen slide can be selected from the 
range of 90, 160, 270 and 500 cuts per inch. Three 
sets of cams are fitted to the platen-slide cam drum, 
and also to the cross-slide cam drum, so that three 
components can be machined for each revolution of the 
cam drum, and the spindle stops automatically on 
completion of each component. A 5-h.p. main driving 
motor is mounted behind the headstock, and can be 
supplied for 200 to 550-volts two- or three-phase 50- 
cycle current. A motor for 200 to 500 volts direct 
current can be fitted if desired. 


| 








is bored through the spindle. The final drive is through 
a high-efficiency worm and gear. The self-selecting 
feed motion is driven by an enclosed belt from the 
rear end of the main spindle. Changes from feeding to 
idling motion, and vice versa, are made automatically 
by two series of adjustable dogs in grooves on the control 
drum which is at the right-hand end of the bed. The 
main worm shaft drives, through a safety clutch, a 
large phosphor-bronze worm gear, which is bolted 
directly to the platen cam drum, thus avoiding any 
springing due to torsion in the camshaft, and ensuring 
a smooth motion to the slide. A handwheel at the 
front of the bed enables the feed to be operated by 
hand when required. A safety device interlocks the 
handwheel with the feed-engaging lever, so that the 
former is disconnected and remains stationary when the 
eutomatic feed is in use, and is connected and can only 
he used for hand feeding when the automatic feed is 
Gisengaged. 





“ BALLIOL” TRAINER AIRCRAFT.—An order for a 
small number of their Mark II three-seater folding-wing 
“‘ Balliol ” advanced trainer, now undergoing trials at 
Khartoum, has been received by Messrs. Boulton Paul 
Aircraft, Limited, Wolverhampton, who have designed 
three versions to the Air Ministry’s specification. This 
allowed for the use of either a radial air-cooled engine, a 
liquid-cooled piston engine, or an airscrew turbine. 
The Mark I model, with its Armstrong-Siddeley Mamba 
was illustrated and briefly described in ENGINEERING, 
vol. 166, page 283 (1948). The Mark II model is equipped 


| with a Rolls-Royce Merlin 12-cylinder V-type engine, 


Since the work for which this machine is intended is | and has a top speed of over 300 m.p.h. at 20,000 ft. 


of a simple nature, and machining times are compara- 
tively short, it is advisable to use a power-operated 
chuck. The machine can be supplied with a Herbert 





Like the alternative types, it has been designed, as far 
as possible, in built-up sections, with interchangeable 


| unite to facilitate replacements and servicing; the 


7}-in. air-operated three-jaw chuck or an electrically- | fin, for example, is interchangeable with the tail plane. 
operated chuck of the same size. Alternatively, a | For training in instrument flying, colour filters are fitted 


74-in. Coventry concentric chuck can be fitted. Pumps | for simulating night flying conditions. 
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UST COLLECTORS. 


MESSRS. DAVIDSON AND COMPANY, LIMITED, BELFAST. 
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Fig.6. 




















Fig. 2. Stationary “SprInnER.” 
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CENTRIFUGAL-TYPE FLUE-GAS 
DUST COLLECTORS. 


Messrs. Davipson anp Company, Limitep, Sirocco 
Engineering Works, Belfast, have developed and 
marketed “ Sirocco” dust collectors of various types 
for the past 25 years, including equipment for the 
collection of dust from boiler installations. Their most 
recently introduced design is the Sirocco cellular dust 
collector, which achieves a high efficiency over a con- 
siderable range of boiler loads when dealing with flue 
dust from stoker-fired or pulverised-fuel boilers. The 
makers claim that the units offer a low resistance to 
gas flow, that the space required is comparatively 
small, that maintenance charges are low, and that the 
collectors combine accessibility, durability, freedom 
from choking, ease of erection and simplicity of design. 

A booster fan draws the dust-laden gas through the 
system, but apart from this there are no moving parts. 
The individual units or cells, 40 of which can be seen 
in a header in Fig. 1, are shown in position at a in the 
transverse and longitudinal sections of the plant given 
in Figs. 4 and 5. Each unit comprises a stationary 
deflector, or “ spinner ” as it is called, one of which is 
illustrated separately in Fig. 2. The spinner is formed 
with a series of helical vanes and is contained in a short 
cylindrical casing with a flared inlet, as is most clearly 
shown in Fig. 6. As the gas is drawn through the 
cell an intense swirl is imparted to it by the vanes, 
causing the dust to be thrown outwards to the wall of 
the cylindrical casing. When the gas reaches the right- 
hand end of the cylinder (Fig. 5), the dust, with a small 
quantity of gas, passes through a narrow annular space 
between the end of the cylinder and a baffle plate, most 
clearly shown in Fig. 6, into the header b, Fig. 5, which 
encases all the cells. The main volume of gas, free 
from dust, passes through the outlet c, shown in Figs. 
5 and 6. The gas which conveys the dust into the 
header is exhausted therefrom by a fan through a 
secondary collector system, while the dust falls into a 
hopper at the bottom of the header or passes through an 
automatic dust-discharge valve. 

The type of cell shown in the illustrations is known 
as the straight-flow (S.F.) type, but a return-flow 
(R.F.) type is also made. In this design, the dust-free 
gas “‘ doubles back ” and is returned through an outlet 
incorporated in the centre of the spinner. The R.F. 
type is intended for certain applications where it is 
more suitable, but the S8.F. type is usually preferable ; 
it is simpler and offers less resistance to the gas flow 
than the R.F. type. The spinner of the 8.F. type 
is provided with a down-stream fairing. 

The secondary collector system can be arranged in 
two ways: separately from the main system, with a 
duct connection, or integrally with the main system, 
as shown in Figs. 4 and 5. In this case, the small 
quantity of gas which passes through the annular 
spaces of the cells with the dust is drawn through a 
number of small vertical dust collectors d (four are 
shown in Fig. 4), entering them from the header 
through holes in the partition e. The remaining dust 
is collected by these cells, and the dust-free gas passes 
out at the top of the cells into the compartment f, 
whence it is discharged into the main dust-free gas 
stream by the fan. In the separate secondary- 
collector system, one or more cells are arranged in 
parallel, and the gas is drawn through them by a 
fan, with ducts connecting the cells. With either 
atrangement, the outlet from the fan is preferably 
led to the induced-draught fan suction duct, but it 
can be connected to any part of the installation as 
circumstances demand. 

The principal element of the automatic dust valve, 
which is not shown in Figs. 4 and 5, is illustrated in 
Fig. 3. The valve is for attaching to dust hoppers 
which operate at pressures below atmospheric. The 
function of the valve is to prevent inward leakage of 
air, while automatically discharging the dust at inter- 
vals. Fig. 3 shows a valve flap which is free to swing to 
the open (chain-dotted) position about a main pivot. 
The flap itself is free to pivot on the end of the support- 
ing arm, to ensure that it lies squarely on the seat when 
closed, and the arm is carried on a spindle which makes 
rolling contact on parallel ways. Thus, the spindle 
cannot seize and requires no lubrication. The flap 
is kept closed by the difference between the atmospheric 
pressure on the underside and the partial vacuum inside 
the valve. The position of a balance weight attached 
to the flap can be adjusted so as to balance the weight 
of dust required to open the valve. 

Tests with “Sirocco” cellular dust collectors show 
that their efficiency remains practically constant with 
a wide variation in boiler loads, thus obviating the 
necessity for cutting out a number of cells when the 
boiler load is low—a requirement which would necessi- 
tate an arrangement of dampers. Tests carried out 
with flue dust of specific gravity 1-9, showed that the 
proportion of dust collected is about 80 cent. for 
20-micron diameter particles, 93 per cent. for 30-micron 
particles, 98 per cent. for 50-micron particles and 100 per 





cent. for 80-micron particles. 
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LAUNCHES AND TRIAL TRIPS. 


TURBO-ELECTRIC SHips “ PRINCESS MARGUERITE ” and 

** PRINCESS PaTRIcIA.”—Twin-screw vessels, each carry- 
ing 2,000 day and 98 cabin-class passengers, and 60 cars, 
built by The Fairfield Shipbuilding and Engineering 
Company, Limited, Glasgow, for the British Columbia 
coastal service of the Canadian Pacific Railway Company, 
Montreal. Main dimensions: 368 ft. 8 in. by 56 ft. by 
20 ft. to main deck ; gross tonnage, 6,000. Each vessel 
propelled by two 6,000-kW single-cylinder turbines and 
two-pole three-phase 3,200-volt 3,150-r.p.m. alternators, 
which supply two 7,750-s.h.p. 28-pole 225-r.p.m. syn- 
tors, all designed and constructed 

by The British Thomson-Houston Company, Limited, 





Rugby. Speed, 23 knots. Trial trips: ‘‘ Princess 
Marguerite,” February 17, 18 and 19; ‘“ Princess 
Patricia,’”’ April 20, 21 and 22. 

S.S. “ FLYNDERBORG.”—Single-screw cargo vessel 


built by Messrs. William Gray and Company, Limited, 
West Hartlepool, for A/S Dampskibsselskabet Dannebrog 
‘(Messrs. C. K. Hansen), Copenhagen, Denmark. Second 
vessel of an order for three. Main dimensions: 310 ft. 
(between perpendiculars) by 46 ft. 10 in. by 27 ft. 10} in. 
to shelter deck ; deadweight capacity, about 3,420 tons 
on @ draught of 19 ft. Triple-expansion engine of reheat 
design constructed by Messrs. George Clark (1938), 
Limited, Sunderland, ard two oil-fired boilers. Service 
speed, 12 knots. Launch, April 29. 


M.S. “‘ ANTILOCHUS.”’—Single-screw cargo liner, carry- 
ing 12 passengers, built and engined by Messrs. Harland 
and Wolff, Limited, Belfast, for Messrs. Alfred Holt and 
Company, Liverpool. Main dimensions: 485 ft. by 
62 ft. by 35 ft.; deadweight capacity, 9,000 tons. Eight- 
cylinder double-acting two-stroke Harland-B. and W. 
Diesel engine. Trial trip, May 3. 


S.S. “LaFoREY.”—Single-screw trawler, built and 
engined by Messrs. John Lewis and Sons, Limited, Aber- 
deen, for Messrs. Trawlers Grimsby, Limited, Grimsby. 
Main dimensions: 167 ft. 6 in. (between perpendiculars) 
by 29 ft. by 15 ft. 3in. Steam reciprocating engine and 
one oil-fired main boiler. Speed, 12} knots. Launch, 
May 5. 


M.S. “‘ ANDULO.”—Single-screw cargo liner, carrying 
twelve passengers, built by Messrs. Bartram and Son, 
Limited, Sunderland, for the Sociedade Geral de Commer- 
cio, Industria e Transportes, Ltda., Lisbon. Main 
dimensions: 444 ft. by 58 ft. 9 in. by 37 ft. 8 in. to 
upper deck; deadweight capacity, 9,100 tons on a 
draught of 26 ft. 1 in.; gross tonnage, 5,200. Four- 
cylinder N.E.M.-Doxford opposed-piston reversible oil 
engine, developing 4,250 b.h.p. at 108 r.p.m., constructed 
by the North Eastern Marine Engineering Company 
(1938), Limited, Wallsend-on-Tyne. Average speed on 
trial, 14-6 knots. Trial trip, May 9. 


8.S. “‘ Puck.”—Single-screw cargo vessel built and 
engined by Messrs. Swan, Hunter, and Wigham Richard- 
son, Limited, Newcastle-upon-Tyne, for the Zegluga 
Polska Line (Messrs. Gdynia-America Shipping Lines, 
Limited), Gdynia, Poland. Main dimensions: 232 ft.6 in. 
(between perpendiculars) by 36 ft. 3 in. by 22 ft. 6} in. to 
shelter deck; deadweight capacity, 1,471 tons on a 
draught of about 15 ft. Two-cylinder compound 
steam engine with Bauer-Wach exhaust steam turbine, 
developing together about 900 i.h.p. at 105 r.p.m., and 
two multitubular coal-burning boilers. Speed on trial, 
11-8 knots. Trial trip, May 10. 

M.S. “ Borre.”’—Single-screw cargo vessel, carrying 
five passengers, built by Messrs. Hall, Russell and 
Company, Limited, Aberdeen, for A/S Ganger Rolf (Fred. 
Olsen & Co.), Oslo, Norway. Main dimensions: 258 ft. 
by 38 ft. by 25 ft. 3 in. to shelter deck; deadweight 
capacity, approximately 1,500 tons on a draught of 
16 ft. 4 in. summer freeboard. Eight-cylinder oil engine 
of 1,310 b.h.p. constructed by Messrs. British Polar 
Engines, Limited, Govan, Glasgow. Launch, May 11. 

M.S. “ CHINDWARA.”’—Single-screw refrigerated-cargo 
vessel, carrying twelve passengers, built and engined by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Newcastle-upon-Tyne, for the British India Steam 
Navigation Company, Limited, London, E.C.3. First 
vessel of a series of four. Main dimensions: 455 ft. 
(between perpendiculars) by 62 ft. 6 in. by 40 ft. 9 in. to 
shelter deck; gross tonnage, 7,600. Six-cylinder Swan 
Hunter-Doxford opposed-piston oil engines to develop 
6,300 b.h.p. at 116 r.p.m. on service. Launch, May 12. 


M.S. “Rio BELEN.’’—Single-screw cargo vessel, 
carrying twelve passengers, built by Messrs. Cammell 
Laird and Company, Limited, Birkenhead, to the order 
of the Argentine Government for La Flota Mercante del 
Estado, Buenos Aires. First vessel of an order for two. 
Main dimensions: 491 ft. 6 in. by 62 ft. by 28 ft.; 


deadweight capacity, between 8,000 and 9,000 tons 
on @ draught of 25 ft. 6 in. Ten-cylinder single-acting 
two-cycle crosshead-type heavy-oil engine, to develop 
& service power of 5,900 b.h.p. at 114 r.p.m., built by 
Messrs. Sulzer Brothers, Limited, Winterthur, Switzer- 
land. 


Speed, approximately 15 knots. Launch, May 12. 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
a Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 


Sampling Non-Ferrous Metals.—There is no entirely 
reliable method of taking a representative sample 
from a bulk of solid metal without re-melting, since 
there is almost invariably some segregation in the 
bulk. Re-melting, however, may lead to the loss of 
readily oxidisable or volatile constituents or to con- 
tamination of the sample. It is therefore often desir- 
able, in practice, to obtain as representative as possible 
a sample from solid metals. To give general guidance 
in the sampling of non-ferrous metals, the Institution 
has issued a new apesteeation, B.S. No. 1499. These 
general recc ms, however, are not intended 
to apply to metals “covered by any British Standard 
Specification which may contain sampling instructions, 
but the publication should be of value until such time 
as standard methods of sampling and analysis have 
been issued in respect of all the principal non-ferrous 
metals. [Price ls., postage included.] 

Washers for Aircraft Purposes.—The Institution 
have recently issued a series-of specifications, namely, 
B.S. Nos. SP. 10, 11, 13, 14, 15, 16, 18 and 19, all of 
which cover washers for aircraft The first 
two specifications (Nos. SP. 10 and 11) concern washers 
primarily for facing purposes. Nos. SP. 13, 14, 15 
and 16, relate to washers primarily for packing pur- 
poses, while Nos. SP. 18 and 19 deal with washers 
primarily for use with timber. In all cases the speci- 
fications contain details of the materials to be used, 
the dimensions and finish of the washers and methods 
of identification for ordering purposes. The specifica- 
tions are arranged in three groups and the price of 
each of the three groups, namely, SP. Nos. 10 and 11; 
SP. Nos. 13, 14, 15 and 16; and SP. Nos. 18 and 19, is 
1s., postage included. 

Split Cotter Pins.—Another specification for aircraft 
material concerns non-corrodible split cotter pins. 
These are to be made of nickel or high nickel-copper 
alloy and the dimensions, tolerances on the dimen- 
sions, and standard sizes and part numbers are laid 
down in the specification, which is designated B.S. No. 
SP. 9. [Price 1s., postage included. ] 








BOOKS RECEIVED. 


United States Bureau of Mines. Bulletin No. 470. 
Safety Practices in Dredging and Hydraulic Mining. 
By R. W. FaTzIncer. [Price 25 cents.] Bulletin 
No. 472. Safety and Performance Characteristics of 
Liquid-Ozygen Explosives. By W. E. Tournay, 
F. M. Bower and F. W. Brown. [Price 30 cents.) 
Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., U.S.A. 

United States Bureau of Mines. Technical Paper No. 727. 
Water Pools in Pennsylvania Anthracite Mines. By 
S. H. AsH and others. Superintendent of Documents, 
U.S. Government Printing Office, Washington 25, 
D.C., U.S.A. [Price 55 cents.] 

Aerodynamics of the Wind Turbine. Adapted for the Use 
of Power Engineers. Prepared by Peroy H. THomas, 
of the office of the Chief Engineer to the Federal 
Power Commission. Percy H. Thomas, 3051, Idaho- 
avenue, Washington 16, D.C., U.S.A. 

Code of Practice for Simply Supported Steel Bridges. 
Prepared by the Joint Committee of the Institution of 
Civil Engineers and the Institution of Structural Engi- 
neers. The Institution of Civil Engineers, Great George- 
street, London, S.W.1; and the Institution of Struc- 
tural Engineers, 11, Upper Belgrave-street, London, 
S.W.1. ([Price‘3s. 6d., post free.] 

Atomic Energy. Being the Norman Wait Harris Lectures 
Delivered at the Northwestern University. By Dr. KARL 
K. Darrow. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
2 dols.] Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 12s. net.] 

Cybernetics or Control and Communication in the Animal 
and the Machine. By PROFESSOR NORBERT WIENER. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 3 dols.]. Chap- 
man and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 18s. net.] 

British Commonwealth Scientific Official Conference, 1946. 
Specialist Conference on Geology and Mineral Resources, 
London, September, 1948. Report of Proceedings. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 6d. net.] 

Department of Scientific and Industrial Research. Report 
of the Chemistry Research Board, with the Report of the 
Director of the Chemical Research Laboratory, for the 
Year1947. H.M. Stationery Office, Kingsway, London, 








W.C.2. [Price 2s. net.] 


PERSONAL. 


Mr. G. S. Cromar, C.B.E., M.I.N.A., a director of 
Barclay, Curle and Company, Limited, and general 
manager of their ship-repairing establishments at 
Elderslie Dockyard and Clydeside Repair Works, Glas- 
gow, has been elected chairman of the Dry Dock Owners 
and Repairers Central Council for 1949-50. Mr. E. L. 
CHAMPNESS, M.B.E., M.Sc., M.I.N.A., managing director 
of Palmers Hebburn Company, Limited, Hebburn-on- 
Tyne, has been elected senior vice-chairman. 


Mr. J. Ivon GRAHAM, M.A. (Cantab.), M.Sc. (Lond.), 
F.R.1.C., M.I.Min.E., late Director of the British Colliery 
Owners’ Research Association, and subsequently trans- 
ferred to the Scientific Department, National Coal Board, 
Hobart House, London S.W.1, has been appointed 
Professor of Coal Mining, a new department of the 
Faculty of Mining, University of Otago, New Zealand. 


PrRoFessor E. B. MOULLIN, M.A., Sc.D., Professor of 
Electrical Engineering, Cambridge University, has been 
nominated President of the Institution of Electrical 
Engineers for the 1949-50 session. Mr. J. ECCLEs, 
chairman, Merseyside and North Wales Electricity 
Board, and Sm JouN Hackine, deputy chairman 
(Operation), British Electricity Authority, have been 

inataa vice p iA ts. 


Dr. J. N. ALDINGTON, director of research of Siemens 
Electric Lamps and Supplies, Limited, and assistant 
works manager at their Preston factories, has been elected 
President of the Illuminating Engineering Society for the 
1949-50 session. 


Mr. WILLIAM Downie, M.I.Mech.E., has taken up an 
appointment as export manager to Messrs. James Howden 
and Company, Limited. 


Mr. GEOFFREY S. Hm, of Aldeburgh, Suffolk, super- 
intending engineer (prospecting fields), for India and 
Pakistan, of the Burmah Oil Company, left Karachi for 
the United Kingdom on retirement yesterday (May 19) 
after 25 years’ service in the East. Mr. Hill anticipates 
continuing his work in an advisory capacity. 


Mr. R. FRANCIES, T.D., M.I.E.E., has been appointed 
managing director of Hurseal Limited, 229, Regent- 
street, London, W.1, in succession to the late Mr. Max 
HURLEY. 





Mr. E. Garuick, A.M.I.Mech.E., M.1.P.E., has relin- 
quished his position of works and production manager 
with A. C. Wickman Limited (Wimet Division), Coven- 
try, on appointment to the board of Rudkin and Riley 
Limited, Cyprus-road, Aylestone, Leicester. 


Mr. J. W. SEppoN, B.Sc. (Manc.), A.M.I.C.E., 
A.M.I1.Mech.E., has been appointed Deputy Water 
Engineer and Manager, Cardiff Corporation Waterworks. 


Mr. P. E. Gaze, A.M.I.E.E., who joined the British 
Thomson-Houston Company, Limited, Rugby, as a 
student apprentice in 1930 and was transferred to the 
switchgear-sales department, Willesden, in 1938, has now 
been appointed assistant manager of that department. 


Mr. STEWART OWLER, who has been Regional Director, 
North Western Area, Ministry of Works, Manchester, 
since 1945, is shortly to give up that position on appoint- 
ment, by the President of the Board of Trade, as chairman 
of the North-Western Trading Estates, Limited. This 
company act as agents for the Board of Trade in adminis- 
tering the South Lancashire and recently-formed Mersey- 
side Development Areas. 


has been appointed 
the Liverpool 


Mr. J. B. Nem, A.M.I.Mech.E., 
senior civil-engineering assistant to 
Corporation Water Department. 


Dr. W. A. WoEBER, A.M.I.Mech.E., is now senior 
technical officer, Mechanical and Civil Engineering 
Division, South African Bureau of Standards, Pretoria. 


The Ministry of Works announce that the CopEs or 
PRACTICE COMMITTEE for Civil Engineering, Public 
Works, Building and Constructional Works, has been 
renamed the CouNncIL FOR CODES OF PRACTICE FOR 
BUILDINGS—CONSTRUCTION AND ENGINEERING SERVICES. 


The London and South-Eastern Region Sub-office 
of the BoarRD OF TRADE, at 1-2, Culverden-gardens, 
Tunbridge Wells, has now been closed. 


The firm of Messrs. J. PARKINSON AND SON (SHIPLEY) 
LIMITED, machine-tool makers and ironfounders, Shipley, 
Yorkshire, has been registered as a private limited 
company. 


BRITISH ENGINEERS SMALL TOOLS AND EQUIPMENT 
Company, LimireD (BESTEC), in company with 
SCIENTIFIC Exports (GREAT BRITAIN) LIMITED (SCIEX), 
are opening up a large organisation in Canada for the 
extension of their activities in that country. The head- 
quarters of this organisation will be situated at 20, 
Carlton-street, Toronto, and it will be directed by Mr. 








E. L. Harris, general manager in Toronto. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—Partly owing to the Easter holidays, 
the production of ingots and castings last month was 
at a weekly rate of 48,870 tons, as compared with 49,770 
tons in March. The output was equivalent to an annual 
rate of 2,541,200 tons—the third successive month in 
which an annual rate of 2,500,000 tons was exceeded ; 
the returns in March and February were 2,588,100 tons 
and 2,539,700 tons respectively. The corresponding 
weekly averages in 1948 were 43,600, 43,420, and 44,430 
tons respectively, and the annual equivalents 2,267,200, 
2,258,100, and 2,310,300 tons respectively. A gratifying 
recovery was recorded in the output of pig iron during 
April, the weekly rate being 14,300 tons, equivalent to 
743,500 tons per annum. This was the highest total for 
the current year, due, in part, to the completion of 
relining operations. The production in March averaged 
13,060 tons, corresponding to 679,200 tons per annum. 
In February, March, and April of 1948 the production 
was static at 14,320 tons a week, giving an annual 
equivalent of 744,800 tons. During May, so far, the pro- 
duction of both steel and pig iron has continued at 
similar levels, the raw-material position having, been 
well maintained. The demand for steel from both home 
and overseas markets remains strong. Shipbuilders, 
lecomotive and wagon builders, and power-plant manu- 
facturers, all having firm contracts for a long period 
ahead, are taking large tonnages. Plates are in particular 
request, a good proportion being under # in. thick. 

Scottish Coal.—Although there is no sign of buoyancy, 
production in the division is evidence of the increased 
labour force at work. During the holiday week the 
output dropped to 299,500 tons, as compared with 
448,300 tons in the preceding week, but was higher than 
in the corresponding week a year ago when the total 
was 294,900 tons. The Scottish miners have decided to 
continue the extended-hours agreement, but, in practice, 
the result ‘has been far from satisfactory, absenteeism 
on the Saturday varying from just under 20 per cent. to 
about 35 per cent. in some areas. Since the holiday, 
however, there has been a notable -reduction in the 
number of unofficial stoppages. Supplies for most con- 
sumers have now returned to normal, and the position is 
fairly satisfactory in regard to deliveries against alloca- 
tions, although no surplus is available. House-coal 
merchants, railways, and gasworks are receiving the full 
stipulated tonnages of round coal in most cases, and 
some progress is being made with stock building. Indus- 
trial tonnages are also being maintained. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 

The Welsh Coal Trade.—The main hindrance to acti- 
vities on the Welsh steam-coal market during the past 
week has been shortages of supplies. From both home 
and foreiga directions, the demand has been actively 
maint&ined, but there has not been enough coal available 
and only a small proportion of the new trade could be 
entertained. The present commitments of collieries 
easily keep current production occupied, and as there is 
no sign of any improvement in colliery working, the 
supply position is expected to remain difficult for some 
time to come. Prompt supplies of practically all qualities 
were almost impossible to obtain and a considerable 
forward business was held. The chief activity centres 
in the home market, where a high level of business is 
still being handled. Essential orders for the electricity 
and gas undertakings make a heavy call on production, 
and the usual large-scale railway business accounts for 
a substantial quantity. Moreover, industrial demand 
shows no falling off, and considerable orders have been 
booked for these users, especially for the heavy iron and 
steel works. In view of this, nothing more could be 
spared for shipment overseas and operations in the 
export markets were confined to existing plans. As a 
general rule, however, quantities scheduled for shipment 
are being supplied fairly steadily. The French and 
Portuguese are receiving good deliveries of their orders 
and busier conditions are in evidence for Italy and the 
Argentine. Patent fuel is active and cokes are well sold. 
Efforts to avoid the closing of the Gellyceidrim Colliery, 
on the fringe of the Swansea anthracite area, have been 
unsuccessful. When announcing their decision to shut 
the colliery, the National Coal Board accused the miners 
of non-co-operation, causing the output to fall, and 
when the men’s leaders met the Board last week requests 
to defer the closure were rejected. The colliery will 
cease to operate this week-end and about 400 men are 
involved. Gellyceidrim is the fifth anthracite colliery to 
be closed since nationalisation, and the twenty-fourth 
pit in the South-Western Division. 

Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business was moderately active but the 
lack of supplies prevented much business being done. 
In the export market, the sales were not heavy, again 
owing to the difficult supply position. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Steel production is well maintained, 
and at some plants has been increased a little. Supplies 
of raw materials are coming forward satisfactorily. 
Regular deliveries of slabs and billets are keeping mills 
and forges working fairly satisfactorily, but more material 
could be handled if the needs of consumers were to be 
fully satisfied. Some concern is expressed at the prospect 
of dearer coal, Messrs. Steel, Peech and Tozer, Limited, 
intend to complete, this year, the conversion of the 
14 open-hearth furnaces in their Templeborough melting 
shop to use fuel oi]. At present, ten furnaces are operat- 
ing on liquid fuel, eight on oil, and two on creosote pitch. 
The conversions already carried out have resulted in 
important coal economies, estimated at about 150,600 
tons a year. It has been demonstrated that furnaces fired 
with oil are capable of a higher rate of output. During 
the five-week period ended April 23, the Templeborough 
furnaces produced a weekly average tonnage of 11,417, 
compared with a weekly average of 9,922 tons for the 
year ended June, 1948. The demand for magnet steels 
and permanent magnets is strong, and leading makers 
of stainless steels are experiencing great difficulty in 
keeping pace with the demand for stainless-steel sheets. 
Research and experiment are being constantly applied 
to perfect the high-grade heat- and strain-resisting 
steels for jet engines. Tool factories are endeavouring 
to meet the very strong demand for edge tools and 
engineers’ small tools; an extensive export business in 
tools is being handled. 

South Yorkshire Coal Trade.—The demand for coal is 
very strong. Outputs are fairly satisfactory, but supplies 
are rather shorter because of the necessity to direct 
Yorkshire coal] to Lancashire to offset some of the losses 
of production in Lancashire during the strikes. Washed 
and graded steams are in strong request on home account, 
and there is a heavy demand for prime steams for export. 
Coking coal is in great demand, but gas coal is rather 
quieter, except for export. House coal is dull, but 
furnace coke is in continuous request ; gas coke is quiet. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The total tonnage output of iron 
and steel, although at a very high level, is not sufficient 
to meet the continued enormous demand. Both home 
and overseas customers are calling persistently for 
larger parcels and are anxious to make purchases, but 
the producers state that they are distributing tonnage 
as freely as circumstances permit and that their delivery 
obligations are still too heavy to justify them in accepting 
much new business. The long-continued dearth of pig 
iron necessitates the extensive use of iron and steel scrap 
at the works manufacturing commodities in demand for 
shipment overseas. Raw materials, though in much 
better supply, are not yet meeting all requirements, 
but the gradual improvement in the yield of the Cleveland 
ironstone mines and the substantial increase in the 
import of foreign ore suggest that conditions may soon 
justify the enlargement of pig-iron production by the 
re-kindling of blast-furnaces that have been inactive for 
a considerable period. Steel-producing plants are as 
actively engaged as conditions allow but outputs cannot 
be maintained at their present level if the supplies of 
raw materials are interrupted. 


Foundry and Basic Iron.—Ordinary foundry pig iron 
is still needed in much larger quantities than are coming 
forward. North-East Coast consumers are entirely 
dependent on supplies from distant producing areas and 
are experiencing difficulty in securing their full rationed 
tonnage. Nearly all the foundry pig going into use at 
North Yorkshire and South Durham works is from the 
Midlands. The outputs of the basic blast-furnaces are 
absorbed by the needs of the adjacent steel plants. 
Hematiie, Low-Phosphorus and Refined Iron.—Makers 
of East-Coast hematite are still unable to meet the 
urgent needs of their customers. All available parcels of 
low- and medium-phosphorus grades of iron are readily 
accepted for early use and manufacturers of refined iron 
have a ready sale for their products. 

Manufactured Iron and Steel..—Branches of indus- 
try turning out semi-finished and finished iron com- 
modities are actively engaged in executing substantial 
contracts. Improvement in the delivery of steel semies 
is much appreciated and still larger parcels could be put 
into prompt use. The substantial imports from the Con- 
tinent are expected to be well maintained. Re-rollers 
are still requiring billets and sheet bars. There is no 
reduction in the strong demand for maximum deliveries 
of black and galvanised sheets, rails, shipbuilding material 
and colliery equipment. Shipbuilders could expedite 
the work they have in hand if they could obtain better 
supplies of steel and are hoping to obtain an increase in 
the allocations of plates, angles, and other products, in 








the second half of the year. 


NOTICES OF MEETINGS. 





It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week precedirg the date of the meeting. 

INSTITUTION OF ELECTRICAL ENGINEERS.—London 
Students’ Section: Monday, May 23, 7 p.m., Victoria- 
embankment, W.C.2. Annual General Meeting. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, May 24, 
5.30 p.m., Great George-street, Westminster, 8.W.1. 
Annual General Meeting. Newcastle-wpon-Tyne Associa- 
tion: Tuesday, May 24, 6.15 p.m., North of England 
Institute of Mining and Mechanical Engineers, Westgate- 
road, Newcastle-upon-Tyne. Annual General Meeting. 

Roya Society oF ARTS.—Wednesday, May 25, 2.30 
Pp.m., John Adam-street, Adelphi, W.C.2. ‘“‘ Museums 
and Education,” by Dr. D. A. Allan. 

INSTITUTE OF METAIS.—Wednesday, May 25, 6 p.m., 
Royal Geographical Society, Kensington Gore, South 
Kensington, 8S.W.7. The 39th May Lecture on “ The 
Organisation and Work of the Department of Scientific 
and Industrial Reséarch,” by Sir Edward Appleton, 
F.R.S. 

RoyaL MicroscopicaL Society.—Industrial and Bio- 
logical Sections: Wednesday, May 25, 6 p.m., B.M.A.- 
House, Tavistock-square, W.C.1. Lecture on “ The 
Theory and Practice of Section Cutting,” by Mr. G. W. 
Moore. 

Royal SratisticaL Socrety.—North-Eastern Indus- 
trial Applications Section: Wednesday, May 25, 6.30 
p.m., 18, Lovain-place, Newcastle-upon-Tyne. ‘‘ The 
Organisation and Operation of a Statistical Section in 
Heavy Industry,” by Mr. A. W. Swan. 

INCORPORATED PLANT ENGINEERS.—South Yorkshire 
Branch: Thursday, May 26, 7.30 p.m., Grand Hotel, 
Sheffield. Discussion on the Blackpool Conference of 
the Institution. 

Society OF INSTRUMENT TECHNOLOGY.—Tuesday, 
May 31, 7 p.m., Royal Society of Tropical Medicine and 
Hygiene, Manson House, Portland-place, W.1. Annual 
Meeting. ‘‘ Some Modern Aspects of Hygrometry,” by 
Professor H. S. Gregory and Mr. E. Rourke. 





CONTRACTS. 


Messrs. ASSOCIATED BRITISH OIL ENGINES LIMITED, 
Duke’s-court, 32, Duke-street, St. James’s, London, 
S.W.1, have received an order from the Crown Agents 
for the Colonies for a Mirrlees “‘HF8 ” eight-cylinder 
Diesel engine rated at 880 b.h.p. at 375 r.p.m., direct- 
coupled to a 515-kW alternator for the Ceylon Govern- 
ment cement works. This is the eighth Mirrlees set to 
be supplied for this particular installation. Recent orders 
for other Mirrlees engines for shipment overseas include 
two 770-b.h.p. seven-cylinder engines, one to be direct- 
coupled to a 560-kKW alternator made by the BrusH 
ELECTRICAL ENGINEERING COMPANY, LIMITED; two 
357-b.h.p. seven-cylinder engines direct-coupled to Brush 
255-kW alternators and one 157-b.h.p. three-cylinder 
engine, all for India; three 420-b.h.p. eight-cylinder 
engines for Australia; one 210-b.h.p., one 315-b.h.p. 
and one 420-b.h.p. engines for Malaya; and one 1,155- 
b.h.p. seven-cylinder turbo-charged engine coupled to a 
Brush 800-kW 220-volt alternator for Egypt. 

Messrs. THE MAGNETIC EQUIPMENT COMPANY, 78, 
Highbury-grove, Cosham, Portsmouth, have received an 
order from the Post Office for ten mobile air-drying units 
to be mounted on two-wheel trailers suitable for towing 
anywhere in this country at speeds of 30 m.p.h. The 
object of the equipment is to provide up to three separate 
supplies of dried compressed air, the take-off being by 
means of flexible pipes. The whole equipment is self- 
contained and suitable for running for many hours at a 
time. The unit embodies a petrol-engine driven air 
compressor and is provided with adequate filters. After 
compression the air is air cooled and passed into a silica- 
gel air-drying chamber of the double-bed single-stage 
type having automatic change-over valves. After 
leaving the dryer, the air is passed through an after- 
cooler, the temperature of the outgoing air being 
important. The regeneration of the drying beds is 
effected by air heated by means of a heat exchanger 
mounted in the engine-exhaust line. 





INSTITUTION OF ELECTRONICS.—The fourth annual 
Electronics Exhibition organised by the north-western 
branch of the Institution of Electronics will be held at 
the College of Technology, Manchester, from July 19 to 21. 
On the first day, the exhibition will be open from 2.30 
to 9 p.m., and on the two subsequent days from 10 a.m. 
until 9 p.m. There will also be a display of scientific 
films arranged by the Manchester Scientific Film Society. 
Admission to the exhibition will be by ticket, obtainable 
from Dr. J. A. Darbyshire, “ Melandra,” 1, Kershaw- 








road, Failsworth, Manchester. 
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EXHIBITS AT THE BRITISH INDUSTRIES FAIR, BIRMINGHAM. 


(For Description, see Page 461.) 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 





We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE BAR 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


SUBSCRIPTIONS. 


“ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
5 er tS: Dae Ba: 250 


For Canada 


£410 0 
£4 5 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 


ADVERTISEMENT RATES. 


on 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all a regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
h of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 


TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years, 
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OPENCAST COAL. 
In the autumn of 1941, it was decided to develop 
the production of coal by opencast methods in order 
to relieve the probable deficiency of supplies from 
deep-mined sources. Opencast working had been 
practised in the past locally, on a small scale, and 
with comparatively primitive equipment, but the 
adoption of the system as a method of winning 
substantial supplies was something entirely new in 
this country. The matter was so novel that the 
coal-mining industry was not willing to undertake 
the necessary developments ; opencast coal mining 
is a civil-engineering rather than a mining operation, 
and has much in common with the excavation and 
restoration work associated with many civil-engi- 
neering contracts. It was assumed from the first 
that the development of opencast supplies was an 
emergency and temporary policy, which was possibly 
an additional reason why the mining industry, 
at that time a commercial activity, did not desire 
to undertake it. Much new plant of a type which 
would be of no service for mining was required, 
and the purchase of such plant for operations 
which might be carried on for a relatively short 
time was not commercially attractive. In these 
circumstances, the Government decided to under- 
take direct operations. 
Valuable additional supplies of coal were obtained 
in this way during the closing years of the war and 
operations were gradually extended. As is only 
too well known, the termination of hostilities did nct 
result in an important improvement in the output 
figures for deep-mined coal, and, in 1947, it was 
announced by the Minister of Fuel and Power that 
the opencast coal programme, which had been due 
to end in 1949, had been extended until 1951. 
As new sites have been opened-up and deeper 
working of opencast deposits developed, the-total 
production of opencast coal has steadily risen ; in 
1943, the output was 5} million tons; in 1945-46, 
nearly 8 million; in 1948-49, about 12 million; 
and for 1949-50, an output of 13} million tons is 
anticipated. The estimated capacity of sites in 
production at the end of January, 1949, was about 





36 million tons. 


It was probably inevitable that some of the 
coal delivered from opencast workings in the early 


7 | days of operations should be of poor quality, with 


an undue proportion of extraneous material. The 
men employed were, in effect, learning a new job and 
the excavating machinery available was not always 
of the most suitable type. The nature of the deposit 
also frequently introduces difficulties. In one 
comparatively recent case, when digging a seam 
only 6 in. thick, it was found impossible to avoid 
including a proportion of the shale band underneath. 
The product was so contaminated that the Ministry 
refused to accept it and told the contractor he 
could do what he liked with it. It was put on one 
side, but actually was all sold last winter as off-the- 
ration coal. There have been statements that some 
opencast sites are producing an undue proportion 
of smalls difficult to get rid of, but it is officially 
stated that there is an “endless demand” for 
untreated smalls and no difficulty in selling them. 
In reference to the quality of the coal produced, 
the Ministry of Fuel and Power states that ‘‘ gener- 
ally speaking . . . the coal produced by opencast 
methods is similar to that produced from the 
mines and is frequently derived from the same 
seams.” 

This general statement is subject to some qualifica- 
tions: coal near the surface has oxidised to some 
extent, with a loss of calorific value and greater 
tendency to break up into small pieces; it may 
also have a higher moisture content. Shallow coal 
seldom has the same gas-making and coking qualities 
as deep coal, even from the same seams. As a result 
of these characteristics, small opencast coal is mainly 
used for steam raising, the larger sizes being sold as 
locomotive and household coal. When operations 
were started as an emergency measure during the 
war, opencast coal was apparently in some cases 
delivered much as it was won, but 80 per cent. of it 
is now screened, although, in general, the cleaning 
operations are less elaborate than is usual with deep- 
mined coal. In a sense, all collieries are temporary 
works, but when applied to an opencast working, 
the word temporary has a very different meaning 
from that which it bears when applied to an estab- 
lished coal mine. As from the time of removing the 
overburden from an opencast site to the time when 
the area is restored may cover only a year or two, 
it would be unjustifiable to set up elaborate cleaning 
plant. 

This consideration of the temporary nature of 
opencast workings has an important bearing on 
costs. The Select Committee on Estimates of the 
House of Commons in the course of its inquiry into 
the operations of the Ministry of Fuel and Power 
in the winning of opencast coal, naturally directed 
attention to the fact that there has been a loss from 
the first. For the year 1949-50, this is expected to 
be 1,910,000. Some interesting information bear- 
ing on the comparative costs of the opencast working 
of ironstone and coal are given in the Committee’s 
report.* The winning of opencast ironstone is 
carried on at a profit, but the Committee did not feel 
that this desirable state of affairs could be extended 
to coal; they stated that “‘for various reasons no 
useful comparison between the two industries was 
found -0 be possible.” 

Finance was the main concern of the Committee 
and it is clear that the data concerning ironstone 
mining, as presented to them, did not enable them 
to make recommendations designed to reduce the 
cost of winning coal. The reason why ironstone 
is quarried much more cheaply than coal is entirely 
due to the different conditions and has nothing to 
do with administrative methods. Opencast coal is 
dug by civil-engineering contractors and the actual 
digging is not a nationalised activity. The sites are 
comparatively small and are worked out in a few 
years, but Mr. R. B. Beilby, of Stewarts and Lloyds, 
stated that some ironstone quarries would be worked 
from 12 to 18 years. It is clear that conditions 
of this kind permit the installation of excavating 
machinery on a scale which would not be justified 
on a short-lived coal site. Mr. Beilby stated that 
a large excavating machine would take, on an 
average, from four to five months to dismantle 
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kind would represent a large proportion of the 
total life of an opencast-coal working. This matter, 
however, has bearing on the question of the cost of 
opencast coal. It was pointed out that if contracts 
could be extended for a longer period, say until 1960, 
the cost of expensive machinery could be spread over 
a larger output. In some cases also it might justify 
the purchase of larger shovels or dredgers and, in 
general terms, the larger the shovel the smaller the 
proportion of less-valuable smalls. 

A considerable amount of the evidence given 
before the Committee was concerned with the 
restoration of land after the extraction of coal. 
Much has been heard of this matter and its effect 
on agriculture, and although farmers and landowners 
directly affected have unfavourable opinions about 
the matter, and may have genuine grievances, it is 
desirable to keep a sense of proportion. The total 
area of cultivated land in England and Wales, 
excluding rough grazing land, is about 24 million 
acres and of this 41,113 acres had been requisitioned 
for opencast coal working up till the end of February, 
1949. Nevertheless, in view of the national pressure 
for increase in agricultural production, the proper 
restoration of any land which has been worked out 
is clearly a matter of importance. Present-day 
contracts require that the top soil shall be set apart 
and spread evenly over the land after replacement 
of the subsoil. This requirement is being fulfilled, 
but there is no difficulty in understanding that the 
operation cannot be carried out in a perfect manner. 

It was stated by farming interests that although 
good crops of grass have been obtained from restored 
land in the first years, it has afterwards deteriorated. 
The matter is not understood and some research on 
this and cognate matters is now being undertaken. 
The problem of the restoration of restored land has 
been dealt with in connection with ironstone mining 
for very many years and Mr. Beilby in his evidence 
stated that although most of the ironstone land was 
afforested after restoration, good cereal crops had 
been grown without careful restoration of the top 
soil. It was important that the land should be 

“‘disced,” not ploughed in order to retain any 
fertility it contained in the top layer. Another 
farming objection to restored land was that it 
settled unevenly, making it impossible to lay tile 
drains with confidence. Some such settlement is 
probably unavoidable, although in many cases there 
will be considerable consolidation as a result of the 
travel of earth-moving machinery over the surface. 

The Committee was not able to make any drastic 
recommendations designed to convert the produc- 
tion of opencast coal into a profitable activity. The 
position taken up by the Ministry of Fuel and Power 
is that coal is in such urgent demand that opencast 
working must be carried on even at a loss. One 
recommendation made may not be welcomed by the 
National Coal Board. As a result of nationalisation, 
this body became owners of all coal, and as the open- 
cast coal is being worked by the Ministry of Fuel and 
Power, payments for loss of profit and in lieu of 
royalties are being made by the Ministry to the 
Board. The sum under these two heads is estimated 
to amount to 450,000/. in 1949-50. It is recom- 
mended that payment for loss of profit should cease 
and that that for royalties should be reviewed. 
Other recommendations are that the programme of 
prospecting and other preliminary activities should 
be kept well ahead of actual working. As the 
average loss on opencast coal is 2s. 10d. per ton it is 
recommended that regional officers of the Directorate 
of Opencast Production should not be allowed to 
proceed with arrangements for opening a site if the 
estimated payment to the contractor exceeds 30s. 
per ton. As capital charges, selling costs and other 
items amount to 13s. 4d. per ton and the average 
selling price is 40s. 6d. per ton, a contractor’s price 
of 30s. per ton would restrict the loss to the average 
of 2s. 10d. It is also suggested that “‘ the Ministry 
should not enter into a contract involving a sub- 
stantial loss, unless they are satisfied that it is neces- 
sary in the national interest that the coal should be 
got.” Any useful effect which this recommendation 
may have will depend on the Government’s inter- 
pretation of the term ‘‘ substantial loss.” Experi- 


ence suggests that their ideas on that matter are 
somewhat different from those of the business world. 





ELECTRICAL ENGINEERING 
IN GERMANY. 


Many years ago a Latin poet was responsible for 
the aphorism that ‘‘it is lawful to learn from the 
enemy.” The advice implied in this statment is 
sound enough when applied to military matters. 
It is even sounder when extended to technical 
and industrial activities. A recognition of this may 
have been one of the reasons why those in authority 
(some of whom at least were brought up in the 
classical tradition), arranged that engineers, physi- 
cists and chemists, especially the latter, should 
visit Germany, as soon as that country had been 
invaded by the Allies, so as to obtain information 
regarding developments which had taken place in 
those sciences during the war. 

As far as British visitors were concerned, these 
inspections were initially organised by a body 
known as the British Intelligence Objectives Sub- 
Committee (B.I.0.8.). To avoid overlapping with 
similar American activities, this body, however, was 
soon partly merged in a Combined Intelligence 
Objectives Sub-Committee (C.L.0.S.), which, in 
turn, operated in parallel with the Field Information 
Agency, Technical (F.1.A.T.), and the Joint 
Intelligence Objectives Agency (J.I.0.C.). These 
bodies between them were responsible for the 
production of a spate of reports on many phases of 
Germany’s industrial activities during the war. 
Naturally, this material was of varying degrees of 
utility ; equally naturally, some subjects were 
covered with greater completeness than others. In 
addition to the reports prepared by the visitors, 
many of which have been published, scores of Ger- 
man documents collected by investigators were also 
brought under contribution. These, too, varied 
in quality. It therefore became clear that to obtain 
information of real value from alli these original 
sources, close scrutiny and careful collation would 
be necessary, and that these tasks should be per- 
formed preferably by some one who was well aware 
of what should be retained and what could safely 
be discarded. The result has been the publication 
of a number of “‘ Overall Reports,” by the British 
Intelligence Objectives Sub-Committee, the latest 
of which, ‘‘ Electrical Power Engineering in Ger- 
many during the Period 1939-45,”* was issued by 
H.M. Stationery Office on Saturday, May 7. 

This report has been prepared by Mr. G. R. 
Peterson, of the British Electricity Authority, 
from a number of earlier summary reports on 
electrical generation, transmission and _ distri- 
bution; the cable industry; generators and 
motors ; batteries and battery traction ; and trans- 
formers and switchgear. It shows, as might be 
expected, that prior to the war the German electric 
power engineering industry was well developed and 
that its products were generally of high standard. 
At the same time, it explodes the fallacy, held too 
widely even in this country, that the knowledge and 
skill of those engaged in that industry were generally 
superior to our own. One reason why there was 
little difference between the two industries is, of 
course, that there had been for many years an 
interchange of information through such bodies as 
the International Electro-technical Commission, 
the result being that advances in one country soon 
became known and adopted, with or without modifi- 
cation, elsewhere. The other, perhaps more impor- 
tant, reason is that British electrical engineers were 
at least as enterprising as the Germans and, as 
Mr. Peterson shows, the latter were ahead of us in 
nothing but a few matters of secondary importance. 
This is not only soothing to our national pride, but 
holds out good hopes for the future prosperity of the 
British electrical industry, even should Germany 
once again become an important competitor. 

One of the few exceptions to this rule is that 
German engineers had had greater experience than 
our own in the employment of high voltages for 
power transmission. Over 3,000 miles of line 
operating at 220 kV were in use during the period 
under review, while investigations had begun into 





* Electrical Power Engineering in Germany during the 
Period 1939-45. B.I.0.S. Overall Report No. 11. London : 
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the possibility of employing voltages of 400 kV or 
more. The Germans, in fact, were about to make 
a full-scale test on a 70-mile length of ordinary 
solid paper-insulated oil-impregnated cable designe: 
to carry a direct-current of 150 amperes at 400 kV 
when the war ended. This investigation, primarily, 
was the natural outcome of a desire to emplo\ 
supplies of energy from the water-power resources 
of Austria and Scandinavia to supplement the 
coal-fired plants in Germany's industrial districts. 
In addition, it was hoped in this way to dispens: 
with high-voltage alternating current overhead 
lines and thus to minimise damage to their own 
aircraft and to take advantage of the lower vulner 
ability of underground cables. The whole experi 
ment, with which Mr. Peterson deals at some 
length, is of great interest ; and we can probably 
learn a good dea] from it, especially as regards 
the design of the associated rectifiers. That similar 
developments have not taken place in this country 
is due to natural conditions, and connotes no lack 
of appreciation of the importance of the subject. 

In practically every other branch of the industry 
it would seem that we have little to learn from 
German practice. It is true that German engineers 
have constructed larger 3,000-r.p.m. turbo-genera 
tors than have hitherto been built in this country ; 
one of which has a rating of about 100 MVA. More 
progress had also been made towards the standardi- 
sation of capacities and operating conditions ; and a 
considerable amount of work seems also to have 
been done on turbine-blade materials, including the 
use of ceramics for this purpose. These investiga- 
tions, however, were probably not altogether volun- 
tary, and, as might perhaps be expected, the results 
were not uniformly satisfactory. In fact, some of 
the materials tried could be employed only at 
temperatures below 700 deg. C. and were found 
unsuitable for use in an orthodox rotor assembly, 
owing to their limited tensile strength. As regards 
both high-voltage generation and hydrogen cooling, 
this country is well ahead of Germany. 

The switchgear branch of the industry probably 
offers the outstanding example of variation between 
British and German practice. As is common 
knowledge, metal-clad’ equipment obtained a wide 
acceptance in this country, to the partial exclusion 
of cellular gear; and its satisfactory performance 
led to less interest being taken in the development 
of air-blast circuit breakers than might otherwise 
have been the case. On the other hand, the Germans 
passed directly from the use of cellular gear to the 
employment of these newer designs and, to that 
extent, may be regarded as having stolen a march 
on us. This is strange, considering the interest 
that many Germans showed in metal-clad equip- 
ment. Mr. Peterson, however, points out that in 
this, as in certain other fields, little fundamental 
progress was made during the war; and that an 
examination of a number of German air-blast 
breakers leads to the conclusion not only that there is 
little to be learnt from them, but that our researches 
into the many difficult problems involved has placed 
us well in advance of the practice in that country. 
There are also indications that the performance of 
German switchgear is not so satisfactory as that of 
its British counterpart, and that is another matter 
upon which some self-congratulation is permissible. 
Nevertheless it is true that the Germans, owing to 
being earlier in the field, have had wider operational 
experience and some useful lessons can, therefore, 
be learnt from them on such matters as the pro- 
duction of multi-break heads, air-blast valves, and 
sequentially-operated series air-break switches with 
their associated are-breaking devices. 

Mr. Peterson, on the whole, has been able to 
paint a satisfactory picture of the position reached 
by a competitor whose skill and enterprise were 
not fundamentally lower than those of our own 
electrical engineering industry. If there is one 
criticism that might be made of his report it is 
that he insists too frequently on the fact that we 
have little to learn from that competitor. Although 
that is clearly true in a general way, it is probably 
less true in matters of detail, from which it is almost 
certain that a good deal] of useful knowledge could be 
obtained. While, therefore, the report can be read 
with a good deal of satisfaction, it would be wise to 








resist any temptation to be complacent. 
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NOTES. 


Emprre MiIntna AND METALLURGICAL CONGRESS. 


As already announced in our columns, the Fourth 
Empire Mining and Metallurgical Congress, which 
is convened by the Empire Council of Mining and 
Metallurgical Institutions, will be held in this 
country from July 9 to 23. The chief object of the 
congress is to afford an opportunity for scientists, 
engineers and others concerned with the mining 
and metallurgical industries to meet and discuss 
technical progress and problems, including the 
development of the mineral resources of the British 
Commonwealth of Nations. It may be recalled 
that the first congress was held at the British 
Empire Exhibition, Wembley, in 1924, and was so 
successful that it was decided that the function 
should be triennial. Thesecond congress was held in 
Canada in 1927 and the third in South Africa in 1930. 
Economic conditions led to the abandonment of the 
projected fourth congress which was to have been 
held in Australia in 1933, and it was not possible to 
arrange for another congress before the war. The 
present, fourth congress, opens in London at 11 a.m. 
on Saturday, July 9, with a reception of the official 
delegates at Grosvenor House, Park-lane, London, 
W.1, by the President, Sir Henry T. Tizard, G.C.B., 
F.R.S. The subsequent three days will be deyoted 
mainly to visits to research establishments, works, 
and technical exhibitions in London, but an 
inaugural meeting will be held at Grosvenor House, 
at 11 a.m. on Monday, July 11, when Sir Henry 
Tizard will deliver his presidential address, and, at 
7.30 for 8 p.m., on that day, a banquet will be 
held at the Guildhall, in the City of London. The 
technical sessions of the congress will be held in the 
Debating Hall, Oxford Union Society, Cornmarket, 
Oxford, and will open at 9 p.m., on Tuesday, 
July 12, with a lecture by Sir John D. Cockcroft, 
F.R.S., on “‘ Metallurgical and Mining Aspects of 
Atomic Energy.” Forty papers will be presented 
and discussed at sessions, some of them simul- 
taneous, held from July 13 to 16. The subjects 
covered will comprise mineral resources, modern 
methods of prospecting (including aerial survey), 
the effects of heat and humidity on men working in 
deep mines and in metallurgical works, petroleum 
production, coal mining, trends in mineral dressing, 
and metallurgical research, development and fabri- 
cation. At 5.30 p.m., on July 13, Dr. W. Hume- 
Rothery, F.R.S., will lecture on ‘“‘The General 
Theory of* Metals and Alloys,” and at 9 p.m., on 
July 14, Dr. Charles Camsell, C.M.G., F.R.C.S., of 
Canada, will speak on ‘‘ Miners as Pioneers.” On 
Sunday, July 17, the delegates and members will 
divide into four parties for visits to industries and 
places of interest based on Cardiff, Falmouth, 
Edinburgh and Newcastle-upon-Tyne. All corre- 
spondence regarding the congress should be 
addressed to the general secretaries, Fourth Empire 
Mining and Metallurgical Congress, 436, Salisbury 
House, Finsbury-cireus, London, E.C.2. . 


CHEMICAL ENGINEERING RESEARCH COMMITTER. 


As announced on page 394, ante, the Department 
of Scientific and Industrial Research recently 
agreed to appoint a committee to review the needs 
for research in the field of chemical engineering. 
The new committee is to survey what work is going 
on at the present time and what further work may 
be desirable, and will recommend where and how 
this might be done. As already stated in our pre- 
vious announcement, Mr. H. W. Cremer, C.B.E., 
past-president of the Institution of Chemical 
Engineers, is to be chairman of the new committee 
which, in point of fact, has been set up at the 
suggestion of that Institution. The other members 
are Professor T. C. R. Fox, of Cambridge University ; 
Professor F. H. Garner, of Birmingham University ; 
Mr. H. Griffiths, of British Carbo Norit Union; 
Dr. N. P. Inglis, of Imperial Chemical Industries, 
Limited ; Mr. N. Neville, of the British Chemical 
Plant Manufacturers Association ; Professor D. M. 
Newitt, of Imperial College, London, and President 
of the Institution of Chemical Engineers ; Mr. J. A. 
Oriel, of the Shell Marketing and Refining Company ; 
Mr. J. Davidson Pratt, of the Association of British 
Chemical Manufacturers; and Mr. 8S. Robson, 
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consultant, Zinc Corporation Group. Government 
scientific organisations will be represented by Sir 
Charles Darwin, Director, National Physical Labora- 
tory; Dr. kK. P. Linstead, Director, Chemical 
Research Laboratory; Dr. A. Parker, Director, 
Fuel Research Station ; Dr. G. A. Hankins, Director, 
Mechanical Engineering Research Organisation ; 
Dr. F. J. Wilkins, Principal Director of Scientific 
Research, Ministry of Supply ; Dr. F. A. Williams, 
of the Ministry of Fuel and Power; and Dr. J. F. 
Hirst, of the Board of Trade. The secretary of the 
Committee is Mr. A. W. Morrison, of the Department 
of Scientific and Industrial Research. 


SuMMER MEETING OF THE INSTITUTION OF 
MECHANICAL ENGINEERS. 

The summer meeting of the Institution of Mecha- 
nical Engineers is to be held in Liverpool on 
Tuesday, Wednesday and Thursday, May 31, 
June land 2. The meeting will be formally opened 
on the Tuesday morning, when the Lord Mayor of 
Liverpool, Alderman W. T. Lancashire, and members 
of the reception committee, will welcome the 
President, Dr. H. J. Gough, C.B., F.R.S., the Council 
and members of the Institution, with their ladies, 
in the Picton Hall. Following this, a general 
meeting will be held for the reading and discussion 
of a paper by Mr. F. H. Bramwell, B.Sc. (Eng.), 
M.I.Mech.E., entitled ‘‘ Mechanical Engineering in 
the Chemical Industry.” In the evening, a reception 
will be held in the Town Hall, by invitation of 
the Lord Mayor. On Wednesday morning, a 
meeting arranged by the Automobile Division of the 
Institution will be held in the theatre of the Liverpool 
Gas Company, Bold-street, to hear a paper by 
Dr. C. G. Williams, B.Sc. (Eng.), M.I.Mech.E., 
entitled ‘‘ The Influence of Certain Engine Factors 
on Fue] Octane Requirements.” The Institution 
dinner will be held in St. George’s Hall on Wednes- 
day evening, and a conversazione will be held on 
Thursday evening at the University, by invitation 
of the North Western Branch Committee. Arrange- 
ments have been made for visits to some 38 works 
and places of interest. This will be the sixth occasion 
on which the summer meeting of the Institution has 
been held at Liverpool, the previous visits having 
been in 1863, 1872, 1891, 1909 and 1934. 


Tae ILLumMInaTING ENGINEERING SoOcIeTy. 

The annual dinner of the Illuminating Engineer- 
ing Society was held at the Café Royal, Regent- 
street, London, W.1, on Wednesday, May 11, the 
President (Mr. J. M. Waldram) being in the chair. 
The toast of ‘‘The Illuminating Engineering 
Society ’’ was proposed by Sir Henry Self, who said 
that during the 40 years of its existence the Society 
had achieved the distinction of becoming the recog- 
nised authority on illumination. He was impressed by 
the fact that among its members were a number of 
leading ophthalmologists who were closely connected 
with the development of illumination technique for 
the preservation of eyesight, as it was desirable 
that there should be close liaison between them and 
the illumination experts. Perhaps the day would 
come when a person could go to an oculist and obtain 
a prescription for the lamp best suited to his needs. 
It went without saying that the Society could do good 
work in bringing home to the public the fact that 
illumination was a real science and in urging manu- 
facturers to provide what was necessary. In reply, 
the President made reference to the loss the Society 
had suffered by the deaths of Mr. J. 8. Dow, who had 
been honorary secretary for so many years, and of 
Sir Clifford Paterson. While it was true that these 
losses marked the end of an epoch they also marked 
the beginning of an epoch, for a point had been 
reached when the men of 45 would have to take 
responsibility both in the Society and in the country. 
He looked forward to the time when the illuminating 
engineer would be able to confer with both the 
artist and the architect and then go to the electrical 
engineer for the necessary lamp and accessories 80 
that there would be harmonious co-operation 
between all three. In proposing the toast of “‘ The 
Guests ” Mr. C. R. Bicknell said that the Illuminat- 
ing Engineering Society was the most altruistic of 
all the cultural societies in that it was composed of 
people who spent most of their leisure time in trying 
to brighten the livesof others. Colonel H. C. Smith 








replied. 
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LETTERS TO THE EDITOR. 
THE METRIC SYSTEM. 


To Tue Eprror or ENGINEERING. 


Sir,—I have read with interest Mr. C. K. Crook- 
shank’s comments on my British Association paper 
on the metric v. inch-pound system, and am inclined 
to echo his opening words and ask how anyone 
who has thought the matter out for himself can 
seriously argue in favour of the Commonwealth and 
the United States giving up their system for the 
metric system. I am not, however, surprised that 
some people disagree with me. The propaganda 
for the adoption of the metric system has been 
continuous for many years with very little attempt 
at any reply, and while it has had little effect on 
the practical-minded English-speaking countries, it 
does (like many infectious diseases) secure some 
victims. 

In my opinion, the worst fault in the metric 
system, apart from its complete failure to sustain 
the claim that it has a scientific basis, is its complete 
decimalisation. In the design of a system for 
everyday use, certain points should be given con- 
sideration, for example :—(1) The unit size should 
be such that commonly-used values can be expressed 
with a minimum of digits. It is not possible to 
think so quickly in three-digit numbers as it is in 
two-digit numbers, and so on. (2) The steps from 
one unit size to the next should not be the same 
as the number of digits in the system of notation ; 
for example, if the system is in tens, then the steps 
should not be in tens ; if the system is duodecimal, 
the steps should not be in 12’s. This avoids the 
tendency to large aggregations of digits; a series 
of numbers with few digits is more practical. 

The inch-pound system conforms in a reasonable 
measure with these conditions ; the metric system 
in a much lesser degree. As a student, I accepted 
the view that this country should adopt the metric 
system. As I gained experience, both in applied 
engineering and business affairs, I found I had to 
alter my view. My British Association paper puts 
my case, which is that I accept the existence of 
both systems and admit the merits and demerits 
of each, and hope we shall use whichever fits the 
particular case; but argument with a metric, or 
any other, enthusiast is never profitable. Its only 
value is the effect it has on those who are looking 
on, and it is for them that I make this brief reply. 

Yours faithfully, 
P. Goon. 
24-28, Victwria-street, 
Westminster, 
London, 8.W.1. 
May 12, 1949. 


To THe Eprror OF ENGINEERING. 


Sm,—In his letter published in your issue of 
May 13, on page 448, Dr. Herbert Chatley states 
that “‘anyone who has had experience of both 
systems cannot possibly overlook the superiority of 
the metric system in practice.” I deny this state- 
ment with all the emphasis consistent with courtesy. 
It is incapable of proof. It is absolutely untrue of 
me, with exceptional experience of both systems, 
and it seems to be untrue of millions of people, in 
the United States for example, who were pleased to 
go from metric countries and who raise no clamour 
for litres and metres in the States. 

Dr. Chatley says that the metric system “ elimi- 
nates all the fancy coefficients with which hydraulic 
calculations in English units are cumbered.” I 
deny this emphatically. No system of weights and 
measures will eliminate gravity or viscosity or 
turbulence. Nor can the coefficients of discharge 
or the vena contracta be eliminated by units. 

He says, “‘ Electrical engineers already use the 
metric system.” I deny this. I deny that elec- 
trical engineers use the metric system, although they 
have strenuously striven for a century to do so. 
Very few electrical engineers understand the C.G.S., 
the electrostatic system, the electromagnetic 
system, the absolute system or even the so-called 
“ practical ” system to which they have been driven 
because the other systems were unusable. Let 
anyone ask an electrician, or even his local elestricity 
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depot, regarding kilowatt hours, and he may be 
told, as I was, that they never use kilowatt hours, 
they work in “units.” And there are leaflets 
scattered about the country telling consumers 
“what a unit will do.” These “‘ units ” contain the 
hour of 3,600 seconds—the metric units of time. 
Is not this farcical? Where is the vaunted sim- 
plicity of the decimal system ? 

Or consider the new atom-splitting Cyclotron 
announced three months ago “‘ to accelerate protons 
of energies of 13 x 10* electron volts,” the electron 
having a charge of 4-774 x 10-2° E.S.U.—fancy 
coefficients indeed! In case your readers are not 
all familiar with these units I may add that the 
electromagnetic unit of quantity or current is 
3 xX 101° (cms. per second) E.S.U. and the practical 
coulomb is one tenth of that. Then we have the 
mechanical equivalent of heat at 4-17 joules—the 
joule being 10’ ergs. Even in simple elements 
convertibility is only approximate and subject to 
further determinations by physicists who are still 
at work on definitions glibly made 160 years ago. 

Even 60 years ago, when things were fairly simple, 
the ohm was fixed at 10° C.G.S. units and the farad 
at 10-° C.G.S. units, but as this “ practical” unit 
of capacity named after Faraday was far greater 
then than the capacity of all the cables in the 
world, it was ignored and the microfarad of 10-15 
C.G.S8. units has become the unit of the “ practical ” 
man. Like Lewis Carroll’s oysters, the electricians 
are entitled to sympathy, they haven’t any feet. 

Yours faithfully, 
Ware. H. S. Rowe Lt. 
May 15, 1949. 





To THE Eprror OF ENGINEERING. 

Str,—Having noted the views expressed by your 
various correspondents I submit an aspect of the 
case which may not have received appropriate atten- 
tion. There are now only two languages of quantity 
in general commercial use, viz., the British Imperial 
system and the International metric system of 
weights and measures. It is significant that every 
country, when discarding its own national system 
has selected and adopted the metric system—never 
the Imperial system—and that no country, having 
adopted the metric system, has ever abandoned it. 

International traders in all countries are at present 
obliged to employ the metric system, regardless of 
its legal status, in an ever-increasing portion of their 
total business. Our retention of a non-metric 
system thus involves us in risks of errors and a 
progressive loss of time and money fruitlessly spent 
in converting weights and measures from and to 
the metric system. It is accordingly not surprising 
that the use of the metric system is legalised through- 
out the commercial world and compulsory in over 
50 countries, and that the International Chamber 
of Commerce has officially recommended “‘ There 
should be adopted for use in international trade a 
single system of weights and measures—preferably 
the metric system.” 

The issue is no Jonger the Imperial system versus 
the metric system. Our choice to-day is between, 
on the one hand, our continued inefficient use of 
both systems or, on the other hand, our extended 
use of the metric system only, which is destined to 
become the sole legal language of quantity in all 
countries. 

Yours faithfully, 
Harry ALLCOcK, 
M.I.Mech.K,, M.1.E.E. 
Radbourne, 
Ollerbarrow-road, 
Hale, Cheshire. 
May 16, 1949. 





BRITTLE FRACTURE OF MILD- 
STEEL PLATES. 


To THE Eprror OF ENGINEERING. 


Sm,—In a letter published in your issue of 
April 15, on page 352, Mr. A. C. Vivian states that 
in this country we have got good structural steel, 
because we have not specified a minimum yield 
point, whereas the Americans get bad structural 
steel sometimes because they have specified a mini- 


British mild steels have a higher yield point, and 
better notch-impact properties than those of 
corresponding American steels. This is because 
the manganese content of British steels is higher. 

For a steel of given composition, the yield point 
is higher, the notch-impact properties better, and 
the “effective ductility ” lower, in the normalised 
condition, compared with the annealed condition. 
Rapid quenching, followed by tempering, results in 
a very high yield ratio and excellent notch-impact 
values, while, at the same time, there is a marked 
decrease in the “‘ effective ductility ” ; the reduction 
of area, on the other hand, is increased. 

Mr. Vivian does not give any indication of how 
steelmakers can control the “effective ductility,” 
but from the foregoing it would appear that any 
improvement in this respect would be accompanied 
by an increased tendency to notch brittleness. The 
specification of a minimum “effective ductility ” 
would, therefore, be a retrograde step. This 
property, however, is important in deep-drawing 
steels, but for reasons not concerned with brittleness. 

Yours faithfully, 
A. J. K. Honeyman. 
The Steel Company of Wales, Limited, 
P.O. Box No. 3, Port Talbot, 
May 11, 1949. 





RURAL ELECTRICITY SUPPLY. 
To THE Eprror OF ENGINEERING. 


Sir,—With reference to the article in your issue 
of April 22, page 374, entitled “‘ Rural Electricity 
Supply,” as electrical consultant to the National 
Farmers’ Union I would like to correct a statement 
and some figures which it contained. You quote 
Mr. Heathcoat Amory as saying that a memorandum 
of the N.F.U. which was submitted to the Electricity 
Commissioners in 1946 showed that at that time 
there were 150,000 farms without an electricity 
supply. Actually, Mr. Heathcoat Amory was re- 
ferring to the Five Year Plan prepared by the 
representatives of the existing supply authorities 
and the N.F.U. in 1946; but this particular memo- 
randum was not submitted to the Electricity Com- 
missioners, and the 150,000 farms were in England 
and Wales only. A further memorandum was 
placed before the British Electricity Authority in 
March, 1948, setting out the views of the Union on 
the development of a national programme, and sug- 
gesting that the main programme of the Five Year 
Plan should be carried out. 

Later on in the article you refer to the figures 
given by Mr. A. Robens, and I want to make it 
quite clear that Mr. Robens included in his figure 
of 81,853 farms connected, 5,036 connections in the 
South East and South West of Scotland. Conse- 
quently, the total number of farms connected at 
March 31, 1948, in England and Wales was 76,817 
and the total number connected in England and 
Wales at December 31, 1948, was 82,850, so that in 
the nine months the additional connections were 
6,033. It is not clear whether all farm connections 
are included in these tables or whether only farms 
of five acres or more are included ; in their Five 
Year Plan the N.F.U. included only the latter farms. 
I am glad you stressed the importance of the 
Area Boards and B.E.A. deciding upon a common 
policy at the earliest possible moment, and that 
rural electrification generally should receive a high 
priority. 

Yours faithfully, 
35, Craven House, W. A. H. Parxker. 

Kingsway, W.C.2. 

May 11, 1949. 





“THE STORY OF ATOMIC ENERGY.”’—We understand 
that arrangements have now been made for the book 
on this subject by Dr. Frederick Soddy, F.R.S., which 
appeared in serial form in ENGINEERING from Octo- 
ber 3, 1947, to May 14, 1948, to be published by The 
Nova Atlantis Publishing Company, Limited, 53, 
Museum-street, London, W.C.1. The book is being 
reproduced by the Replika process, and for this reason 
the publishers wish to be able tc estimate the probable 
demand as closely as possible. It is expected to be 
ready early in the autumn of this year, and will be 
supplied in two forms, one in Celilynd boards, price 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Continued from page 450.) 


Two papers were presented for discussion at the 
morning session on Friday, April 8, which was the 


J 


these papers, on ‘‘ Sea Speed and Steering,” was 
by Captain Christian Blom, late of the Royal 
Norwegian Navy; the second, by Mr. J. F. 
Leathard, B.Sc., was ‘‘A Theoretical Study of « 
Methodical Series of Propeller Tests.” 


SEA SPEED AND STEERING. 

The full title of Captain Blom’s paper was “ Sea 
Speed and Steering as influenced by the Differences 
in Hull Form below and above the Load Water 
Plane at Rest.” It was based on the premise that, 
while ship designers naturally consider the above- 
water form in making stability calculations for large 
angles of inclination from the vertical, they do not 
commonly take account of its possible effect on 
“‘sea kindliness,” by enabling some ships to be more 
easily handled than others in heavy weather. 
Several examples were cited of the effect of above- 
water form on the handling of sailing vessels ; and 
evidence was adduced to show that the rolling of a 
ship with an above-water form which was not 
‘“* balanced,” and therefore needed excessive use 
of the rudder, must materially augment the resist- 
ance and reduce the speed. The point was tested 
by experiments with three models, the first (A) 
being derived from Admiral D. W. Taylor’s standard 
series, the second (B) being a modification of (A) 
but of improved ‘‘ balance,” and the third designed 
on the lines of the Viking ship discovered at Gogstad, 
in southern Norway in 1880, and described in the 
Transactions of the Institution in the following year. 
Experiments with these models added strength to 
the view that, in an unbalanced hull, heeling to 
one side or the other might produce a change in trim ; 
though Admiral Taylor, in enumerating five ‘‘ Fac- 
tors Affecting Resistance,” did not include the 
fore-and-aft position of the centre of buoyancy 
among them. Captain Blom recommended its 
inclusion, and the fixing of the L.C.B. at mid-length, 
to simplify design and calculations. He proposed 
that the balance should be investigated at three 
draughts, arguing that, if a form were found to be 
well balanced at a targe angle of heel (say, 20 deg. to 
30 deg.), the balance would probably be good at 
lesser angles of heel. In conclusion, he suggested 
that some losses of ships during the war, when 
they had been unable to keep their assigned positions 
in convoys and had dropped astern, might have 
resulted indirectly from a want of balance, due to the 
above-water form of the hull. 

Captain J. P. Thomson, in opening the discussion, 
recalled the behaviour of the lean vessel with an 
elliptical stern, running before an Atlantic gale ; 
the great danger was broaching to or pooping heavy 
seas, when serious damage was almost certain. The 
advent of the cruiser stern was a decided improve- 
ment, and, together with the gyro compass and 
“‘gyro quartermaster,” made it possible for ships 
to run comfortably through a gale in which earlier 
ships of equal tonnage would have had to heave 
to. Apart from trim, the distribution of cargo on 
board had a bearing on the subject. The best 
voyage on a cargo vessel of 8,000 tons on which he 
had served was from Gulf Port to Havre in the 
winter, making a North Atlantic crossing with a 
cargo of cotton and a deck cargo of logs, 16 ft. in 
height. No doubt, the deck cargo reduced the 
metacentric height and contributed to sea kindli- 
ness, but there was a limit to that reduction. 
Steering qualities were affected by heavy rolling. 
The question was whether the balanced form would 
be economically suitable for the carriage of cargo— 
for instance, whether the advantages of improved 
steering and speed would compensate for loss of 
space, and possibly the lack of other facilities given 
by a common form of vessel. 

Captain (E) J. H. Illingworth, R.N., thought that: 
there was a tendency to attribute too much to 
“balance ”’; all that a system of examining balance 





15s. net., and the other, bound in cloth, price 20s. net. 


should attempt to do was toimproveaship. It was 





third and final day of the 1949 Spring Meeting of 
the Institution of Naval Architects. The first of 
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not a system of ship design, but a draughtsman’s or 
designer’s means of checking a certain aspect of 
ship design ; to treat it as a system of ship design 
was to do something which was never intended. 
As a young marine engineer, he had been much 
impressed by the amount of power that could be 
wasted by bad steering. There was a noticeable 
difference in the power required, according to which 
of two quartermasters was steering ; in the engine 
room, it was possible to tell at once who was at the 
wheel. To compensate for bad steering, and to 
maintain the revolutions, it was necessary to 
increase the receiver pressure by anything up to 
7 or 8 per cent., particularly in bad weather, which 
represented an increase of power of the order of 
5 per cent. It was also reasonable to say that, as 
between two ships steered by the same quarter- 
master, the ship which needed the less rudder would 
be much the more economical to propel. If, with 
a model in a tank, 1 or 2 per cent. improvement on 
the previous form could be obtained, it was reckoned 
that a good job had been done ; if, by the improve- 
ment of balance or in any other way, the steering 
could be improved, that was probably even better. 
Yachting experience, even when related to the 
design of big ships, could bridge the gap, to some 
extent, between theory and practice in connection 
with steering. In spite of attempts to reproduce 
bad-weather conditions in tanks, model experiments 
were usually conducted in comparatively calm and 
set conditions, whereas, when yacht-racing in bad 
weather, there were special opportunities to study 
the bebaviour of the vessels, and, particularly, to 
study their reaction to the use of the rudder. Both 
in sailing ships and steamships, down-wind condi- 
tions gave rise to a very peculiar form of rolling. 
As each succeeding sea passed under a vessel, the 
roll became greater and gradually built up until 
something threw the sequence out of balance ; the 
vessel then gradually recovered an upright position 
and proceeded steadily unti] the process was 
repeated. That build-up might be termed rhythmic 
rolling. Most definitely, in a sailing vessel, the less 
the helm that was needed, the less would be the 
tendency to build up rhythmic rolling. His own 
experience in the case of yachts was that the better- 
balanced yachts, i.e., those which required the 
least helm in still water, were invariably those which 
would steer best down-wind; and he saw no 
reason why this should not apply to bigger ships. 
The President (Admiral of the Fleet Viscount 
Cunningham) drew attention to the author’s refer- 
ence to tw& midshipmen who unshipped the rudder 
of a 19-ft. boat and kept her on the wind solely by 
trimming in the fore-and-aft direction. From ex- 
perience, he could confirm the author’s conclusion 
that change of form of the immersed portion of a 
vessel influenced its steering in a remarkable degree. 
Captain Blom, who said that he would reply more 
fully in writing, emphasised the importance of team 
work between the constructors and operators of 
ships; it seemed to him that there was less of that 
kind of team work to-day than there used to be. In 
the past, the designers, builders and users had 
usually worked their way up and had gained a Jarge 
amount of practical experience of ships. If those 
who were to be responsible for the design and build- 
ing of ships would spend a couple of years at sea 
before entering upon their academic studies that 
would provide them with valuable experience ; 
they would know then what they were talking about. 
The President then called on Mr. John F. Leathard 
to present his paper on propeller tesis. 
METHODICAL PROPELLER TESTS. 
Mr. Leathard explained that his paper embodied 
a part of the work undertaken by him as the holder, 
for 1947-48, of the 1851 Exhibition Commissioners’ 
Post-Graduate Research Scholarship in Naval 
Architecture. The fuil programme comprised the 
calculation of the performance characteristics of a 
systematic series of screws, by the use of modern 
propeller theory; and an investigation into the 
distribution of velocity, in magnitude and direction, 
in the slip-stream of a model screw. The calcula- 
tions summarised in the paper related to the B.4.40 
screw developed by Professor L. Troost at the 
Wageningen experiment tank in Holland and 
described by him in a paper* read to the North-East 
Coast Institution of Engineers and Shipbuilders. 


The method of calculation adopted by Mr. Leathard 
was designed to allow of the examination of each 
individual screw section on its merits, the results 
being combined to give the required performance 
characteristics of the propeller. It was found to 
give results reasonably comparable with practice at 
slips in the neighbourhood of maximum efficiency, 
but there were certain discrepancies, not entirely 
to be accounted for by the suggested modifications 
to the combined momentum-blade element theory 
as originally presented by Professor L. C. Burrill 
to the North-East Coast Institution in 1944,t 
which Mr. Leathard had tested on a screw of unity 
pitch-ratio. The modifications affected the numeri- 
cal value of the maximum screw efficiency to some 
extent, but appeared not to affect materially the 
slip value at which it occurred, which was somewhat 
below the experimentally-determined value. It was 
explained that the manner in which the calculaiions 
had been carried out would enable the performance 
characteristics of the B.4.40 screw to be examined 
for the variable wake conditions existing behind a 
model hull; but the author pointed out that his 
own conclusions, as presented in the paper, might 
have to be modified eventually, since the investiga- 
tion was still proceeding. 

The discussion was opened by Professor L. C. 
Burrill, who said that he had suggested that Mr. 
Leathard might calculate the performance charac- 
teristics for the full B.4.40 series, so that a com- 
parison might be made between the theoretical 
calculations and the practical results in the tank. 
The information given in the paper had involved 
almost a year’s work, involving some thousands of 
calculations, which now made it possible for him to 
examine, not only the B.4.40 distribution, but any 
other. Mr. Leathard had also undertaken the most 
difficult task of making a hot wire work in water, 
in order to record the speed of flow in the slipstream 
of a propeller. The work was done at the National 
Physical Laboratory, and he had achieved consider- 
able success with it. When it had been developed 
to the point at which the velocities and directions 
of flow in the slipstream of the propeller could be 
measured, some further knowledge would be 
provided of the correctness of the Goldstein factor. 

Mr. K. H. W. Thomas supposed that, if the 
author’s calculations agreed closely with the experi- 
mental values, it was reasonable to conclude that 
methodical-series propeller experiments could be 
replaced by theoretical calculations, and it would no 
longer be necessary to carry out long series of experi- 
ments on families of propellers. Unfortunately, the 
results obtained by the author were not sufficient 
evidence in themselves to justify such a conclusion. 
While such serious discrepancies existed between 
calculated and measured efficiencies as were shown 
in the paper, the application of theoretical caleu- 
lations must be regarded with caution. The 
author had endeavoured to investigate the discrep- 
ancies found between theory and practice and to 
reduce them, but he had been largely unsuccessful. 
One severely limiting factor was the assumption 
that the Goldstein correction factor, which applied 
strictly to the calculations for optimum screws, 
applied over the full slip range. In making that 
assumption, the author was perhaps unfair to 
himself in attempting a comparison over such a 
large range of slips; but his work did reveal a 
serious weakness in the general theory, and until the 
problem of determining the correction factors for 
conditions other than optimum had been solved, 
such an assumption must suffice. Another weakness 
in the method used (but one which, for the particular 
screw dealt with, would have had little effect) was 
the neglect of the effect of the cambered flow through 
the propeller which arose from differences between 
induced velocities across the chords of the blade 
sections. The effect would be more noticeable in 
calculations for propellers of greater blade-area 
ratio. The method used in the calculations was to 
correct the slope of the lift curve for the interference 
effects measured for an infinite cascade of aerofoils. 
That could be regarded only as a first approximation, 
particularly for wide-bladed propellers, since it 





* “Open Water Test Series with Modern Propeller 
Forms,” Trans. N.E.C. Inst., 1938. 
t “Calculation of Marine Propeller Performance 


made no allowance for the helicoidal form of the 
trailing vortex sheets. A more rational investi- 
gation into cascade effects, on the lines of the method 
given by Dr. R. Guilloton, might have proved useful. 

A feature of the author’s results was that, over 
large ranges, the calculated values were less than 
those obtained by experiment. This suggested that 
the propeller losses were being over-estimated and 
it seemed rather unusual, particularly as certain 
small losses had been neglected in the theory. 
In view of the lack of sufficient aerofoil data for 
screw design, and in view of the large amount of 
such data latent in the published results of methodi- 
cal series of propeller tests, it seemed that a better 
approach might be to accept the limitations of theory 
and to analyse the available results by means of 
such a theory, obtaining relevant lift and drag 
data which could be used for designing screw 
propellers by means of that theory. Such data 
would necessarily contain the effects of the variation 
of correction factors for inflow and of blade inter- 
ference. It might even he possible to deduce the 
characteristics of those factors from such an analysis. 

Professor A. M. Robb, who said that his purpose 
in criticising certain details of the paper was to 
enable Mr. Leathard to avoid some of the sins of his 
seniors, questioned some of the assumptions made— 
which had become almost accepted dogma—and 
the methods of plotting results. He suggested that 
the author might now apply himself to determining 
methods of plotting propeller results which would 
really represent the conditions of dynamical simi- 
larity and not merely the conditions of geometrical 
similarity. 

Mr. W. Muckle considered that the value of calcu- 
lations of the kind made by Mr. Leathard was that 
they showed the relative merits of different types of 
screws ; he would like to see the diagrams extended 
to cover some of the other Troost series. Having 
seen some of the calculations, however, and some of 
the huge tables that the author had prepared, he 
realised that this was asking a great deal. He 
hoped that it might be possible for Mr. Leathard to 
check the influence of Reynolds Number on the 
results, mentioned in the paper, by comparison 
with his experimental work. 

Mr. Leathard, in response to the discussion, said 
that he would reply in detail in writing. 

(To be continued.) 





BRADFORD ENGINEERING SOcIETY.—On May 6, 7 and 
8, the Bradford Engineering Society celebrated the 
jubilee of its foundation by a dinner at the Great Northern 
Victoria Hotel, Bradford, followed by a series of visits 
to works and other places of interest. The chair was 
taken at the dinner by the President, Mr. Albert Hiles, 
and the principal guest was Dr. H. J. Gough, C.B., F.R.S., 
President of the Institution of Mechanical Engineers. 
One of the prime movers in the foundation of the Society 
was the late Professor G. F. Gharnock, of Bradford 
Technical College, where the meetings—including an 
annual lecture on “Charnock Night ”’—are still held. 
The honorary secretary is Mr. A. Pullinger, 101, Wibsey 
Park-avenue, Wibsey, Bradford. 





THE LATE Major A. B. H. CLERKE, C.B.E.—We note 
with regret the death of Major Augustus Basil Holt 
Clerke, which occurred at his home in Endcliffe-crescent, 
Sheffield, on May 13. Major Clerke, who was formerly 
deputy chairman and managing director of Hadfields 
Limited, Sheffield, was the son of the late Colonel 
Shadwell H. Clerke. He was born in 1871, educated 
at Cheltenham and the Royal Military Academy, Wool- 
wich, and became a Second Lieutenant in the Royal 
Artillery in 1889. He was promoted to the rank of 
Captain in 1900 and Major in 1906. In 1899, he was 
appointed Assistant Inspector of Steel, and, in 1904, 
Instructor, and,in 1906, Chief Instructor, at the Ordnance 
College. Major Clerke commanded the 19th Battery, 
Royal Field Artillery, in Indiain 1907, and in the following 
year was made Inspector at the Royal Arsenal. He 
retired from the Army in 1911, and, joining the staff of 
Hadfields Limited, Sheffield, was elected a director in 
1913. Formany years he was in charge of the ordnance 
department of the firm and was closely identified with 
the manufacture of armour-piercing and other types of 
shells. He became managing director of Hadfields in 
1918 and in that year was also created a C.B.E., in 
recognition of his services during the war of 1914-18. 
Major Clerke was subsequently appointed deputy chair- 
man and continued to serve the firm m these two 
capacities until his retirement in 1945. He was elected 








Characteristics,” Trans. N.E.C. Inst., 1944. 


a member of the Iron and Steel Institute in 1912. 
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THE NEWCOMEN SOCIETY 
IN HOLLAND. 


THouGH the Newcomen Society for the Study of 
the History of Engineering and Technology have 
held many summer meetings in their 29 years of 
existence, never until the present year have they 
ventured outside the British Isles. Now, however, 
that they have widened the scope of their travels, 
it may be expected that other proposals for oversea 


excursions will follow, for nothing could have been | 


more successful than their visit to Holland from 
May 7 to 10. The party which left Harwich on 


the evening of Friday, May 6, had to be restricted | 


in numbers because of limitations of hotel accommo- 
dation, but the full tale of their travels, and of 
the cordiality of their reception by the Dutch 
Society for the History of Medicine, Mathematics 
and Natural Sciences (Genootschap voor Geschie- 
denis der Geneeskunde, Wiskunde en Natuur- 
wetenschappen) will certainly arouse a general 
desire among the members to explore more exten- 
sively the historical relics of early science and 
technology still remaining in other countries. 

The party, headed by the President, Dr. A. P. 
Thurston, M.B.E., was met at the Hook of Holland 
by Professor Ir. R. J. Forbes (member of Council) 
of the University of Amsterdam, who was responsible 
for the detailed programme of the tour, and by 
members of the Dutch society, including Mr. A. J. 
de Koning, President of the Dutch Windmill Society 
(De Hollandsche Molen), who assisted as guides. 
The first stop was at Gouda, where a visit was 
paid to the De Moriaan Museum of (tobacco) pipes 
and pottery, under the guidance of the director, 
Mr. G. C. Helbers. The manufacture of pipes was 
introduced into Gouda by English soldiers in the 
Sixteenth Century and became an important indus- 
try ; the Museum building, dating from 1617, was 
formerly the house and the place of business of one 
of the principal merchants. From the pipe museum 
the party went to the Municipal Museum, where 
they were received by the Burgomaster (Dr. K. F. 
James), and to the church of St. John, where the 
special features of unique stained-glass windows 
of the Sixteenth and Seventeenth Centuries (which, 
incidentally, contain many details of technological 
interest) were described by Mr. A. A. J. Rijksen ; 
and thence to Oudewater, to be received by the 
Burgomaster (Mr. H. F. Arke)—and weighed 
individually, to prove that they were neither witches 
nor wizards. Certificates to that effect were duly 
issued, as has been done for some 400 years. 

The evening was devoted to a joint meeting at 
Leiden with the Dutch society, under the presi- 
dency of Dr. A. Schierbeek, at which two papers 
were presented: the first by Mr. Rex Wailes, 
M.I.Mech.E., on “The Windmills of England,” 
and the second by Miss M. Rooseboom, director of 
the National Museum for the History of Science, 
who outlined the main contents of the scientific 
collections which the members were to see on the 
following day and which epitomise the work of 
Huygens, s’Gravesande, Petrus and Johan van 
Musschenbroek, van Leeuwenhoek, and, in more 
recent times, Kamerlingh Onnes. The Museum is 
one of primary importance in the study of the history 


of science, containing, to cite only a few exhibits, | 


Huygens’s pendulum clock of 1657 and his planet- 
arium, stated to have the oldest known spiral 
balance-spring ; the instruments used for demon- 
strations by s’Gravesande during his tenure of the 
chair of mathematics at Leiden (1717-42); the 
microscopes of van Leeuwenhoek (1632-1723) ; and 
the apparatus used by Kamerlingh Onnes in 1908, 
when he first liquified helium. The Newcomen 
party were particularly fortunate in having, as their 
guides to the collections, not only Dr. Rooseboom, 
but also the founders of the Museum, Dr. C. 
Crommelin and Professor C. J. van der Klaauw. 
After this visit, the visitors were entertained to 
lunch by the Dutch society. 

The afternoon and evening of May 8 were devoted 
to joint meetings with the Dutch society. The 
afternoon meeting opened with the Royal Dutch- 
Shell Company’s excellent film of “‘The Cornish 
Engine,” and of two other films illustrating the 
crafts of the wheelwright and the cooper; after 
which Dr. H. W. Dickinson read a paper, prepared 


A.|the party. Tea was served by a 





by himself and Mr. A. A. Gomme, on “‘ The Contri- 
butions of the Netherlands to British Engineering 
and Technology, to the year 1700.’ The most | 
important of these were in the fields of textiles and 
dyeing, but others of significance were made in| 
glassmaking, pumping and land drainage, and paper | 
making. At the evening meeting, when the chair | 
was taken by Dr. Thurston, Ir. J. Voskuil presented | 
a paper on ‘The Speaking Machine Through the | 
Ages,”’ in which he traced the development of the | 
modern talking machine from the “speaking ”’ 
statues, etc., of the ancients to the automata of | 
Vaucanson and of Kratzenstein, and so to Edison’s | 
phonograph. 

On Monday morning, May 9, the party left Leiden | 
for Haarlem, where they visited Teyler’s Stichting 
(= foundation, in the sense of an instructional 
institution); the nearest parallel to which in 
London is probably the Royal Institution. Teyler’s 
Stichting was established in 1778 by Pieter Teyler 
van der Hulst, a silk merchant who was a liberal 
patron of the arts and sciences. They were received 
by the director, Professor A. Fokker, who, by way 
of introduction to the museum of scientific instru- 
ments, etc., housed in the building, delivered an 
address on the institution and its contents, with 
particular reference to the work of the first director, 
Dr. Martin van Marum (1750-1837), who first ex- 
pounded the chemistry of Lavoisier in Holland, 
and whose immense electrical machine is one of the 
principal exhibits. Like the Royal Institution in 
London, Teyler’s Stichting provides its resident 
Professor with ample opportunity for original 
research, and a current example was provided by the 
experimental organ for the evolution of new har- 
monics, including the perfect seventh. 

In the afternoon, the party returned to mechanical 
engineering, paying a visit to the great Cruquius 
pumping engine, the sole survivor of the three 
Cornish engines which, between 1849 and 1933, 
drained the Haarlemmermeer. Built by Harvey 
and Company, of Hayle, Cornwall, to the designs 
of Arthur Dean and Joseph Gibbs, it is of the 
annular type, with a 84}-in. high-pressure cylinder 
inside and concentric with a low-pressure cylinder 
144} in. in diameter. The stroke was 10 ft., and 
eight pumps, each 722 in. in diameter, and 9 ft. 10 in. 
stroke, were driven by radial beams from the single 
crosshead. The boilers have been removed, and 
the boilerhouse is now a museum, in which an 
interesting address on the engine and the drainage 
of the Meer was delivered by Ir. F. Muller, chairman | 
of the Cruquius Foundation, which now maintains 
the engine as a historical relic. From the engine 
house a straight run was made to Amsterdam, where 
the party was hospitably received by Mr. P. G. 








van der Poll, director of the distillery of Messrs. van 
Zuylekom, founded in 1684 and one of the few still 
using the old distilling process. The evening was | 
spent in the Scheepvaart Museum, where the direc- 

tor, Mr. W. Voorbeytel Cannenburg, personally 

conducted the party round his unique collection 

of ship models, maps, navigational instruments, etc., 

illustrating the history of Dutch shipping. 

Tuesday, May 10, began with a tour by motor 
launch through the canals of Amsterdam, of which | 
city Professor Forbes displayed a knowledge as 
‘extensive and peculiar’ as Sam Weller’s was of 
London. This was followed by a visit to the wind- 
mill museum at Koog aan der Zaan, near Zaandam, 
and to an adjacent mill, formerly used for crushing 
oil seeds and now preserved as a typical specimen 
of the numerous mills—more than a thousand— 
which once made this district the chief industrial 
centre of Holland. The final item in the programme 
was a coach tour of the polder country of North 
Holland, with a halt of an hour at Midden Beemster, 
where the Burgomaster, Mr. A. Pesman, received 
** reception 
committee ” of ladies wearing the traditional costume 
of the district, while the members examined the 
fine collection of old maps (the earliest dated 1612) 
illustrating the drainage of the Beemster polder, 
now and for many years one of the main fruit- 
growing areas in Holland. Thence the party 
returned via van Rijp, birthplace of Leeghwater, 
the Sixteenth Century planner of Holland’s great 
reclamation schemes, to Amsterdam, where a 
dinner terminated a meeting of outstanding interest. 








MAY 20, 1949. 


THE IRON AND STEEL 
INSTITUTE. 


(Continued from page 449.) 


CONTINUING our report of the annual genera! 
meeting of the l!ron and Steel Institute, held in 
London on April 27 and 28, we now deal with the 
proceedings of Wednesday afternoon, April 27. 


THERMODYNAMICS OF SUBSTANCES IN IRON AND 
STEEL FROM 0 Dea. To 2,400 Dea. C. 


The first paper on the agenda was ‘‘ The Thermo- 
| dynamics of Substances of Interest in Iron and Steel 
Making from 0 deg. C. to 2,400 deg. C.” It was by 
Dr. F. D. Richardson and Mr. J. H. E. Jeffes, of the 
British Iron and Steel Research Association, who 
stated that they had made a survey of the thermal 
data at present available for oxides of interest in 
iron and steelmaking. The free energies of forma- 
tion of these oxides, from their elements, had been 
calculated for temperatures up to 2,000 deg. C., 
and the results plotted on a free-energy /temperature 
diagram. The free energies of formation were found 
to vary linearly with temperature within the limits 
of accuracy of the data available. 

Dr. N. P. Allen, who opened the discussion, said 
that all would agree with the authors’ simplification 
by adopting first a graphical method and then a 
simple linear formula, because when thermodyna- 
mics were employed in metallurgy an exact answer 
was often not necessary. What was required wes 
the knowledge of whether a certain proposal was 
reasonable or not, and an answer which gave an 
equilibrium constant accurate to within 10-30 per 
cent. was often quite useful. The next speaker, 
Mr. W. L. Kerlie, said that he was glad that the 
authors had followed standard procedure with 
regard to chemical symbols. It was time, however, 
that something was done to simplify some of the 
phrases used, otherwise there would be difficulty in 
transferring work of this type from laboratory to 
industrial application. Dr. P. Herasymenko, who 
spoke next, said that the authors’ diagram enabled 
the relative positions of deoxidation equilibria to 
be estimated with a fair degree of accuracy for use in 
practice. 

Dr. H. A. Dickie said that the authors had sub- 
mitted an ingenious and useful method of correlating 
and comparing a large amount of data applicable to 
many aspects of the metallurgy of iron and steel. 
The basis described by them seemed to be applicable, 
for example, to the reduction of ore, to steel-refining 
reactions and to de-oxidation and to scaling reac- 
tions. The next speaker, Dr. O. Kubaschewski, 
said that the authors’ work showed up the gaps 
which existed in our data and it should, therefore, 
stimulate further experimental work, especially on 
such metals as vanadium, niobium, tantalum, 
titanium and zirconium. The last speaker, Mr. 
J. Bergman, said that recent investigations, by 
J. G. Platon, had shown that the enrichment of the 
air blown into a blast-furnace by additional reducing 
gases, hydrocarbons or hydrogen, had given satis- 
factory results from a thermal point of view and 
resulted in a considerable saving of coke. In view 
of the shortage of suitable coking coals this was a 
matter of some practical importance. 

The President then stated that there was no time 
for further discussion on the paper and asked the 
authors to reply in writing. 


Grain Size un Sinicon-CHROMIUM STEEL. 


The next two papers were discussed jointly, the 
first being ‘‘ Large Crystal Grain Size in Silicon- 
Chromium Valve Steel,” by Mr. C. C. Hodgson and 
Mr. H. G. Baron, of Leyland Motors, Limited, and 
the second, ‘“‘ Grain Growth in Silicon-Chromium 
Valve Steel,” by Mr. H. Allsop and Mr. P. W. 
Bygate, of Messrs. Brown, Bayley’s Steel Works, 
Limited. Mr. Hodgson, who introduced the first 
of the two papers, stated that Mr. Baron and he had 
undertaken their investigation to establish the 
reason for an exceptionally coarse crystal-grain size 
occasionally found in internal-combustion engine 
exhaust valves made of silicon-chromium valve 
steel. It had been found that ferrite was liable to 
remain undissolved, on heating for hardening 
during heat treatment, unless the temperature 
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attained exceeded 1,000 deg. C. The practical 
effect of this was that, if an undesirable structure 
was present in the forging, it might remain, to some 
extent, unless this temperature were exceeded. 
The acceptance-test requirements of the three rele- 
vant British specifications, namely, D.T.D. 13B; 
En. 52 (B.S. No. 970-1942 and 1947) ; and steel V24 
in the STA series, were not very discriminating. 
Moreover, when the present work had been carried 
out, they either allowed, or specifically stipulated, 
the use of 950 deg. C., for the hardening operation. 
It followed, therefore, that there existed a real 
danger of unsatisfactory articles being produced. 
It had been found that silicon-chromium valve steel 
was susceptible to cold work while still at a bright- 
red heat, and, with parts of the size under discussion, 
a condition of critical strain might remain after 
cooling to room temperature. The presence of 
critically-strained material was not of importance, 
provided a suitable reheating temperature were 
afterwards applied. 

In their paper, ‘“‘ Grain Growth in Silicon-Chrom- 
ium Valve Steel,” Messrs. Allsop and Bygate stated 
that an unusual degree of grain growth could occur 
in British Standard En. 52-type valve steel on 
reheating critically-strained material. The coarsen- 
ing increased with increasing reheating temperature 
up to that at which re-formation of austenite 
commenced. Severe grain growth could also 
result from reheating material strained during 
forging if, at the time of straining, the temperature 
of the material had fallen to below approximately 
750 deg. C. The grain growth found in valves was 
due to the straining of under-cooled austenite, or 
its decomposition products, during forging. In 
otherwise critically-strained and reheated material, 
little or no grain growth would occur if the prior 
austenite-forming temperature had exceeded 1,100 
deg. C. Coarsened material was notch brittle at 
elevated temperatures. The refinement of coarsened 
material required a temperature 50 deg. to 75 deg. C. 
higher than the phase change indicated by an 
inverse-rate curve. The necessary temperature 
increased with increasing silicon and chromium 
contents, and might not be adequately met by the 
hardening-temperature range specified for B.S. 
No. 970, En. 52. 

Mr. R. J. Brown, who opened the discussion, 
stated that it was very gratifying to find that the 
necessary evidence was now on record substan- 
tiating a theory held for a number of years, that the 
coarse crystalline condition in these silicon-chromium 
steels was due to the presence of critical strain in 
the steel itself. After two other speakers, Mr. G. T. 
Harris and Mr. F. D. Bridge, had spoken, the latter 
furnishing corroborative evidence, the authors were 
asked to reply in writing. 


STRUCTURE OF CARBIDES. 


The last paper considered on Wednesday afternoon 
concerned ‘‘The Structure of Carbides in Alloy 
Steels,” and was by Mr. H. J. Goldschmidt, of the 
B.S.A. Group Research Centre, Sheffield. The 
author stated that his paper was the first of a series 
intended to give an account of X-ray work on 
carbides liable to occur in alloy steels and especially 
high-speed steels. He had dealt mainly with the 
structures of carbides formed by iron, chromium, 
tungsten, and molybdenum, but these were consi- 
dered as part of a broader systematic survey of the 
carbide-forming tendencies of alloying elements and 
their relation to crystal structure. One outstanding 
fact which had emerged was the small number of 
genuine double carbides occurring. In most 
ternary systems the only carbides formed were solid 
solutions derived from the surrounding binary 
carbides. The chief ternary carbide established 
with an independent structure was Westgren’s high- 
speed steel carbide Fe,W,C, with its isomorph, 
Fe,Mo,C. Although it was possible that the 
existence of some ternary carbides in any of the 
systems had not yet been discovered, it appeared 
that the consistent failure of previous investigators 
to detect any but the binary carbides in ternary 
alloys was not accidental ; many of the equilibrium 
diagrams were sufficiently well founded to leave no 
room for the insertion of a ternary compound. 

Dr. H. A. Dickie, who opened the discussion, 
said that the conception of what carbides really 





were in nature might be improved by a consideration 
of the carbides of elements which did not occur as 
constituents of steel. For example, the alkaline 
metals formed carbides which had either 8 or 16 
carbon atoms to each metal atom, and the alkaline- 
earth metals in Group II, or certainly most of 
them, and also the rare-earth metals which fell 
between Groups III and IV, formed carbides having 
two carbon atoms to each metal atom. Then came 
the series of carbides considered by the author, 
starting with titanium carbide, which had a unit 
ratio of carbon to metal. Moving to the right 
in the position of elements in the long periods of 
the Periodic System, the proportion of carbon to 
metal atoms more or less steadily decreased until 
iron and similar elements were reached, which had 
3 metal atoms to 1 of carbon. This suggested 
strongly the connection between the carbides and 
the pure elements. The pure elements varied in 
density from left to right along the long period of 
the Periodic System. Those on the left were rela- 
tively expanded and, going towards the centre, more 
closely-packed conditions with a greater number 
of metal atoms per unit volume were reached. The 
conception was suggested, therefore, that there was 
more room in the relatively expanded metals for 
carbon atoms, and less room in the more closely- 
packed metals. 

Mr. H. Morrogh stated that the author had referred 
to the work of K. H. Jack on the existence of iron 
percarbide Fe,C. In work done in the laboratories 
of the British Cast Iron Research Association, this 
carbide had been found to occur in certain cast-iron 
samples which had been used as creep specimens 
and subjected to temperatures of the order of 
400-500 deg. C., or even lower, for periods of six 
months and upwards. In these circumstances, the 
carbon of the graphite flakes appeared to react 
with the metallic ferritic matrix and became coated 
with an envelope of a carbide. The indications were 
that this carbide was Fe,C. Dr. A. J. Bradley, 
F.R.S., who spoke next, said that, at his suggestion, 
the structure of cementite had been re-investigated 
because he felt sure that it would prove to be the 
same as the structure of NiAl,. This, in fact, 
turned out to be the case. In NiAl,, the nickel 
was the small atom which was inserted between the 
aluminium atoms, and, in Fe,C, the size of the 
carbon atom was just right to fit in between the 
iron atoms. The next speaker, Dr. F. D. Richard- 
son, said that the stability of these carbides was 
obviously a matter of great interest and it could be 
very well represented on the same type of free- 
energy diagram as Mr. Jeffes and he had shown 
earlier that afternoon. In view of what Dr. Bradley 
had said concerning the similarity in structure 
between NiAl, and Fe,C, it would be interesting to 
see whether NiAl, exhibited the specific-heat 
anomaly of the type shown by Fe,C at about 200 deg. 
C., which anomaly accounted for the rather curious 
free-energy curve and stability curve of Fe,C. 

Mr. K. H. Jack stated that on account of the 
limiting solubilities of carbon in liquid iron, nickel 
and manganese, it was said that the molecular 
aggregates Fe,C, Fe,C, Ni,C, and Mn,C existed in 
the liquid states. No such simple molecules existed 
in the solid state, where, for example, in the case of 
cementite, the unit of structure contained 16 atoms. 
In those carbides having simple structures, it was 
not impossible that, in the liquid, the metal atoms 
were co-ordinated about the carbon atoms in a man- 
ner similar to their solid arrangement, but it was 
most unlikely for complex carbides. The latest 
report indicated that there were three iron carbides, 
namely, cementite, Fe,C, iron percarbide (which, 
his work showed, contained slightly less carbon than 
Fe,C), and finally Fe,C, having a close-packed 
hexagonal, or pseudo-hexagonal structure. All 
appeared to be metastable and decomposed, Fe,C 
to carbon and the percarbide, and the percarbide, 
in turn, to cementite and more carbon. The 
cementite itself was metastable, decomposing into 
iron and carbon. This new Fe,C occurred in syn- 
thetic hydrocarbon catalysts and formed the 
carbon-rich extreme of the series of hexagonal 
closely-packed iron-carbon nitrides, but, just as 
the Fe, structure became more stable when carbon 
was partly replaced by nitrogen, so it was possible 
that this stability might increase when the iron was 





partly replaced by another metal of suitable atomic 
size and capable of forming hexagonal N,C carbides. 

At this stage of the proceedings the author was 
requested to reply in writing and the meeting 
adjourned until the following morning. 


(T'o be continued.) 








A POLICY POR INDUSTRY. 


Tue object of a pamphlet, entitled “‘ Industry and the 
Nation,” which has been prepared by the National 
Union of Manufacturers, 6, Holborn-viaduct, London, 
E.C.1, is to examine the present position of British 
industry, its difficulties, responsibilities and dangers, 
and to indicate a policy which would assist it to achieve 
its rightful position in the trade of the world. In doing 
this, the demand is made that industry should be con- 
sulted by the Government on such fundamental ques- 
tions as nationalisation, public expenditure and ad- 
ministration, taxation of industry, distribution, foreign 
competition, overseas trade and local government ; 
and that these consultations, with both management 
and employees’ organisations, should take place when 
major principles are being devised and not after the 
Government has already committed itself to a policy 
and when the only variation possible is in respect of 
relatively unimportant details. 

It is further pointed out that the nationalisation of 
basic goods and services has already given the State 
virtual control over the 80 per cent. of industry which 
still remains in private hands. Industry must strive 
for greater unity than it now possesses to negotiate 
with Government regarding price, quality and avail- 
ability of State-owned goods and services and must 
also ensure that no unfair advantage in supply or 
price is allowed in the State manufacture of goods. 
The opinion is expressed that only from wisely directed 
and self-disciplined free enterprise can spring the vision 
and initiative that will maintain Britain’s traditional 
leadership in invention and high-quality products. 
Industry therefore demands that in the case of nation- 
alised industries a policy of wide decentralisation of 
direction and responsibility shall be followed in order 
to maintain the maximum benefit of individual initia- 
tive and enterprise. Industrial taxation must, it is 
considered, be adjusted to permit the replacement and 
improvement of plant and equipment out of earnings. 
Adequate reward must also accompany the risks asso- 
ciated with the development of new products. Industry 
makes no apology for a reasonable profit motive and 
demands conditions in which it can maintain and 
develop its activities from its own resources without 
State or other aid. 

In addition to national questions, industry must take 
a closer and more active interest in local government, 
especially in such matters as town planning, housing, 
location and all the facilities which it needs for 
efficient and economic production. The importance 
of the right human relationship between all sections is 
another matter that is stressed in the pamphlet. More 
information should be available at workshop level and 
there must be adequate incentives to high produc- 
tivity, skill, inventiveness, initiative and responsibility 
at all levels. Any attempt to create dissension between 
the management and the operatives is deplored, since 
each has a common interest in the prosperity of free 
enterprise. 





TIDAL MODEL OF SEVERN BARRAGE.—In a written 
answer to a question by Mr. P. Freeman in the House of 
Commons on Thursday, May 12, the Lord President of 
the Council (the Rt. Hon. H. Morrison) said that a 
suitable site had been found for the new Hydraulics 
Research Station, where work on the Severn-Barrage 
tidal model would be undertaken. 

NON-FLOODING FILLER FOR SECONDARY BATTERIES.— 
It is usual to stop the gas vent of a secondary battery 
temporarily when it is being replenished with water so 
that air is trapped in the top of the cell. The electrolyte 
is thus prevented from extending above the desired level, 
and by rising in the filling tube indicates that replenish- 
ment is complete. Most of the so-called “ automatic ” 
non-flooding fillers now in use depend on the closing and 
opening of the gas passage by first loosening and then 
re-tightening the vent plug. Failure to perform the latter 
operation, however, causes the battery to eject acid on 
charge and to “gas ”’ in service. To overcome this draw- 
back the Chloride Electrical Storage Company, Limited, 
Clifton Junction, near Manchester, have introduced a 
non-flooding filler in which the air lock is formed, when 
water is being added to the cell, by the operator placing his 
finger over the gas nipple and relieved by removing it, 
when the cell is full. Indirect advantages are that the 
filling plug and gas vent can be separated, the former being 
simply a plain stopper, while the latter is built into a com- 
partment moulded in the lid where plenty of space is 
available. 
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200-MW GENERATING STATION AT 
POOLE. 


Tue inception of the new 200-MW generating station 
at Poole, Dorsetshire, the foundation stone of which 
was laid by the Mayor (Alderman S. F. Langridge, J.P.) 
on Wednesday, May 18, was due to the Bournemouth 
and Poole Electricity Company, Limited, in conjunc- 
tion with its mt concern, the County of London 
Electric Supply Company, Limited. The Southern 
Division of the British Electricity Authority, of which 
Mr. R. H. Coates is controller, assumed responsibility 
in April, 1948, and is now carrying out the work. This 
is in a well advanced state, the foundations having 
been completed, while much of the constructional steel 
has been erected. The consulting engineers are Messrs. 
Merz and McLellan ; and Mott, Hay and Anderson. 

The station is being built on the reclaimed mudlands 
of Holes Bay and will occupy an area of about 30 acres. 
This mud, in places, is more than 40 ft. deep and overlies 
white-clay strata on which the foundations have been 
based. The work necessary for this purpose involved 
the driving of two concentric rings of steel sheet piling 
with a ring 20 ft. wide between them, the ring then 
being excavated and filled with concrete. Subse- 
quently, the inner dumpling was similarly treated. 
The resulting mass-concrete raft is 500 ft. long and 
248 ft. wide. It varies in depth from 15 ft. to 30 ft. 
and weighs about 150,000 tons. This raft will carry 
the turbine house and most of the boiler house, while 
2,000 reinforced-concrete piles, usually about 40 ft. 
long, have been driven to support the rest of the 
structure. A group of 168 of these piles is used in the 
foundations of each of the two 325-ft. reinforced- 
concrete chimneys. The buildings will consist of steel 
frames with brick filling. The main contractors for the 
building and civil engineering work are Messrs. Sir 
Robert McAlpine and Sons, Limited, 80, Park-lane, 
London, W.1; Messrs. Alexander Findlay and Com- 
pany, Limited, Motherwell, Lanarkshire, being respon- 
sible for the steelwork. 

Coal will probably be brought from the North- 
East Coast, and will be conveyed to the site in a 
fleet of 1,500-ton colliers, the first of which, the S.S. 
Poole Harbour, is already in temporary service at 
Portsmouth. The coal will be unloaded at a 500-ft. 
wharf by cranes and taken by conveyors either to the 
boiler-house bunkers or to the storage ground. Two 
cranes, each with a maximum capacity of 200 tons per 
hour, are being supplied by Messrs. Stothert and Pitt, 
Limited, Bath, for unloading purposes, while the 30-in. 
belt conveyors and the transporter crane for the storage 
ground are being constructed by International Com- 
bustion Limited, 19, Woburn-place, London, W.C.1. 
The steam-raising plant, which is being built by the 
same firm, will consist of eight pulverised-fuel fired 
boilers, each with an output of 300,000 Ib. per hour 
at a pressure of 950 lb. per square inch and a tempera- 
ture of 940 deg. F. at the superheater outlet, the 
feed-water temperature being 388 deg. F. Balanced 
draught will be provided by Sirocco fans supplied by 
Messrs. Davidson and Company, Limited, Belfast, 
while the flue dust will be extracted by Lodge-Cottrell 
precipitators. Each boiler will be supplied with coal 
from three Lopulco pulverisers with a rating of 
18,500 lb. per hour at 15 per cent. moisture. 

The generating plant is to consist of four turbo- 
alternators. Two of these, which will be of the impulse 
type, are being constructed by Messrs. Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, and two, which will be of the reaction 
type, by Messrs. C. A. Parsons and Company, Limited, 
Neweastle-upon-Tyne. Each set will have an output 
of 50 MW at a power factor of 0-8 and will generate 
three-phase current at 11-8 kV and 50 cycles per 
second when running at 3,000 r.p.m. Each set will 
have high-pressure, intermediate-pressure and double 
low-pressure cylinders and will exhaust to twin con- 
densers. The cooling water for these condensers will 
be drawn from the river through Brackett screens 
by four circulating pumps, each with a capacity of 
38,000 gallons per minute. These pumps are being 
constructed by Messrs. Drysdale and Company, 
Limited, Glasgow, W.4. The water will be delivered 
to the condensers through twin 6-ft. tunnels and dis- 
charged into the Wareham Channel through a single 
8-ft. tunnel. The condensate will be heated in five 
stages and will be delivered to the boilers by five elec- 
trically-driven feed pumps, each with a capacity of 
525,000 Ib. per hour at a pressure of 1,285 Ib. per square 
inch, which are being constructed by Messrs. Mather 
and Platt, Newton Heath, Manchester, 10. 

The output of the generators will be stepped up to 
134 kV in four 58-MVA transformers which are being 

constructed by the Fuller Electrical and Manufacturing 
Company, Limited, Walthamstow, London, E.17, and 
will be transmitted at this voltage to a switching com- 
pound on the north side of the site. At this point it 
will be controlled by outdoor switchgear of the air- 
blast type being manufactured by Messrs. A. Reyrolle 


LABOUR NOTES. 


THE proposals of the Confederation of Shipbuilding 
and Engineering Unions for a new wage structure in 
the engineering industry have now been discussed by 
the Transport and General Workers’ Union at area 
level and the area reports have been submitted, in 
their turn, to the Union’s national trade group com- 
mittee. The Union hope to forward their conclusions 
to the Confederation at an early date. Replies from 
the various unions affiliated to the Confederation will 
be examined in detail in due course by the executive 
council of the Confederation, with a view to deciding 
.the Confederation’s future policy. The revision of the 
wage structure in the industry is also the most im- 
portant subject on the agenda at the annual meeting 
of the Confederation, which was opened in Belfast on 
May 17. a 

A further conference with the Shipbuilding Em- 
ployers’ Federation is being sought by the Transport 
and General Workers’ Union, to discuss again the 
consolidation of basic rates and national bonus in the 
shipbuilding industry. In their Record for May, the 
Union state that no reply has been received from the 
employers to the Union’s claim that the minimum 
inclusive rate for labourers in the industry should be 
increased to 41. 12s. weekly. The Union say that they 
are also awaiting an answer to their demands for two 
weeks’ annual holiday with pay and for the application 
of the five-day week throughout the year. 





The nationalising of the shipbuilding and ship- 
repairing industries has been given serious consideration 
by the Confederation of Shipbuilding and Engineering 
Unions, according to a statement by the Transport and 
General Workers’ Union to their members, and a 
memorandum outlining the views of the Confederation 
has been sent to the Labour Party and the Trades 
Union Congress. The Union’s announcement declares 
that it is the feeling of the Confederation that the form 
of economic organisation most capable of protecting 
the national interest in the shipping, shipbuilding, ship- 
repairing and marine-engineering industries would be 
their “ full public ownership.” 





Discussing the work of the Anglo-American Council 
on Productivity and the urgent need for increased 
production, an editorial in the May issue of the 7'rans- 
port and General Workers’ Record states: ‘‘ The Council 
is doing a grand job. Its aim is to see what can be 
done, by studies of industrial practices here and in 
the United States, to assist the British people’s effort 
to achieve the increased productivity which will make 
them independent of outside aid. Despite all that 
has been done in the export drive, the country as a 
whole is still living beyond its income. The fact must 
be faced that we are still far from paying our way in 
international trade, and that the gap between the 
debts which we incur by our expenditure on imported 
food and industrial raw materials and our income from 
the goods and services which we export must be closed 
before the period of grace given to us by Marshall Aid 
comes to an end. Unless this is accomplished, it is 
difficult to see how economic adjustments which will 
be painful in their effects can be avoided.” 


Unemployment figures, published by the Ministry of 
Labour, continue to decline. Those issued on Monday 
show that the total number of unemployed in Great 
Britain on April 11 was 324,873, compared with 340,406 
on March 14, a fall of 15,533 in four weeks. Unemployed 
persons on the registers of the employment exchanges 
on February 14 numbered 360,283 in all ; 35,410 more 
than on April 11. The total of 324,873 on that date 
represented approximately 1-6 per cent. of the aggregate 
number of persons covered by the national insurance 
schemes. The percentage on March 14 was 1-7, and, 
on February 14, 1-8. 





At the same time, an even more rapid contraction 
is taking place in the working population of Great 
Britain. During February, the total number of persons 
aged 15 and over, who were gainfully occupied or who 
had registered themselves as available for work, were 
estimated by the Ministry of Labour to have declined 
by 20,000, of whom 14,000 were men and 6,000 women. 
There was a further estimated drop of 30,000 during 
March. Of these, 26,000 were men and 4,000 women. 
The figures on which these estimates are based make 
allowance for persons in the Forces, men and women 
on release leave not yet in employment, registered 
unemployed, indoor domestic servants and gainfully- 
occupied persons over pensionable age. Part-time | 
employees are counted as whole units. It will thus 
be seen that, at a time when the fullest possible produc- 
tion is essential, the country’s total working population 





The coal-mining industry suffered a loss of 1,300 
persons during March and there was a fall of 3,000 in 
transport and communications services, to 1,793,000, 
compared with one of 5,000 during February. In 
another basic industry, however, agriculture, employ- 
ment increased, during March, by 3,000 to 1,228,000. 
Among the manufacturing industries, for which the tota! 
figure for March showed a net decline of 3,000 (the 
majority of whom were women), there was a fall of 
6,000 in the number of persons employed in the metals, 
engineering and vehicles group of industries, compared 
with one of 5,000 during February. The aggregate 
number of persons employed in this industrial group 
at the end of March was 3,921,000. Persons engaged 
in clothing manufacture increased in number by 3,000 
to 730,000 during March and those employed in 
professional, financial and other services of a simila: 
nature, also increased, in this case by 7,000, to 3,877,000, 
during the same month. Employment was found for 
2,500 persons of foreign nationality during March. 
In that month, the number of men and women in the 
Forces was reduced by 10,000 to 785,000 and the 
number on release leave, by 10,000 also, to 39,000. 


The desire of non-manual personnel for closer 
association with their colleagues and for the protection 
which a trade union could give was referred to by Miss 
B. Anne Godwin in her presidential address to the 
National Federation of Professional Workers, at the 
annual meeting of the Federation in London last 
Saturday. Reporting that the membership of the 
Federation during the post-war years had doubled 
and now stood at 500,000, Miss Godwin declared that 
nationalisation had brought home to the managerial 
grades the need for them to possess, equally with the 
manual-working classes, some form of trade-union 
organisation to protect their interests and regulate their 
conditions of employment. The meeting, at which 
Miss Godwin was re-elected President for a further 
term of office, also considered a resolution calling upon 
the Government to take steps to encourage the employ- 
ment of older workpeople. It was decided that this 
resolution should be referred to the executive committee 
of the Federation. 

A resolution protesting against the “ alarming 
increase’ in the number of higher-salaried staff at 
railway stations and depots, and especially at head- 
quarters, was passed at the annual conference of the 
national council of branch secretaries of the National 
Union of Railwaymen, which took place at Ryde, 
Isle of Wight, on Sunday. The conference considered 
that the increase was in excess of requirements and that 
it had resulted in heavy and unnecessary expenditure. 
Another resolution, which the conference passed 
unanimously, expressed their ‘‘ vehement disgust ” at 
the failure of the Transport Commission, and its con- 
stituent Executives, to alter the ‘‘ permanent conserva- 
tive” nature of the management grades, by the 
introduction of a bold measure for the participation 
of employees at all levels in management. The Presi- 
dent of the conference, Mr. J. Martin, stated in his 
address that the conference shared the dissatisfaction, 
which had been expressed in other directions, at the 
failure to grant the application of the Union for an 
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overall increase of 12s. 6d. weekly. 





The special delegate conference of the Lancashire 
area of the National Union of Mineworkers, which 
met at Bolton last Saturday, approved a recommenda- 
tion that the 52,000 Lancashire miners, who have been 
on strike over questions of overtime and concessionary 
coal, should resume work immediately, pending the 
re-opening of negotiations on an official basis. The 
conference also agreed to lift the ban on overtime. 
In some pits, the night shifts resumed duty on Sunday, 
and there was a full return to work on Monday. 





The strike, which began at Burnley and Accrington 
on May 3 because overmen at one pit in the area 
worked extra time in spite of an overtime ban by the 
Union, had its origins in the position whereby some 
10,000 Lancashire miners received concessionary coal 
and the rest did not. By May 10, it had spread to all 
the 65 pits in the area and brought the entire coalfield 
to a standstill. The conference decision to resume 
work was quickly followed by an announcement by 
the North-West Divisional Coal Board that the joint 
conciliation committee would meet on Monday and 
commence its deliberations immediately. Mr. Edwin 
Hall, the Union’s Lancashire area general secretary, 
stated at the delegate conference that the Board was 
offering the miners 74 tons of coal a year at land sale 
prices, that is, at the pithead price plus the cost of cartage 
to the men’s homes. There was not the least prospect, 
however, that the men would accept this offer. The 
negotiations have continued and, at the time of going 
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declined by approximately 50,000 in two months. 


to press, the position is uncertain. 
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SOME CURRENT TYPES OF MARINE 
DIESEL ENGINE.* 


By C. C. Pounprr, M.I.Mech.E. 


(Concluded from page 455.) 


In Figs. 1, 2 and 14, pages 429 and 453, ante, typical 
scavenge blowers are shown. Rotor-blade profiles, and 
especially their tips, are shaped to avoid air shock ; the 
diagrams are too small to show these details. In small 
fast-running engines, the rotors are helicoidal, for the 
same reason. Normally, the rotors are hollow iron 
castings ; occasionally, the material is fabricated steel ; 
in quick-revolution engines, aluminium is used. For 
inertia-force reduction when speed is rapidly changed, 
rotating parts are made as light as possible. Except 
in the largest engines—in which they are driven inde- 
pendently—the blowers are chain-driven from the 
crankshaft, being speeded-up normally in the ratio 3 : 1, 
or thereabouts. A spring coupling is introduced into 
the drive, adjacent to the blower chainwheel. The 
rotor vanes do not mesh, but are geared. For calcu- 
lation purposes, maximum loading is assumed on the 
blower drive, and then a chain is chosen at least 20 
times as strong. The power absorbed at the blower 
varies frém 5 per cent. to 6 per cent. of the engine 
output. The volumetric efficiency is 80 per cent. to 
85 per cent. The writer of a paper read recently before 
one of the larger American institutions states that, 
having tried all forms of blower, he places the rotating 
engine-driven blower first in order oe efficiency. 

ndependent motor-driven blower arrangements are 
too costly for ordinary mercantile use. If there is one 
auxiliary Diesel generator to carry the full-power load 
of the ship, there will be two spare sets, i.e., a total of 
three Diesel generators; if two take the load, then 
four will normally be installed. That is, to serve 
independent scavenge blowers, every generator engine 
must be so increased in size that any one, or any two, 
sets will be able to supply the blowers in addition to 
the normal auxiliary load. 

In all the engines with which the author is asso- 

i there is a common oil-system for bearing 
lubrication and piston cooling. The separation of these 
systems, as sometimes means much com- 
plication and added cost, and it is not ordinarily worth- 
while. Warm returning cooling oil should not be 
allowed to flow indiscriminately into the open crank- 
case. It is time that something more effective than 
the ordinary tubular cooler were evolved. Ideas such 
as the centrifugal throwing of thin layers of oil over 
water-cooled plates do not seem to have yielded 
results of commercial value to date. 

The sati computation of mechanical efficiency 
hinges, n ily, upon the indicated horse-power. 
In engines with cylinder covers and normal running 
gear, there should be little or no doubt regarding the 
recorded indicated horse-power. In such engines, if 
four-stroke, there is a 2 : 1 camshaft, with indicator cams 
of suitable elliptical shape; in two-stroke engines, 
with a 1:1 camshaft, the cams are circular, with 
relationship between roller, cam, and eccentricity to 
correspond with the ratio of connecting rod to crank 





* Paper presented at a meeting of the Institution of 
Mechanical Engineers, held in London on Friday, March 
18, 1949. Abridged. 
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(see Fig. 26, herewith). For longitudinally-scavenged 
two-stroke engines having main and exhaust pistons, 
the matter is not quite so simple. In the engines of 
Figs. 1 and 2, for example, the eccentrics which govern 
the exhaust pistons are 180 + 7 deg. in advance of 
their respective cranks. Sometimes, as in Figs. 14 
and 15, the lead is 5-5 deg. instead of 7 deg. The 
effect of this angle of lead can be greater than might 
be expected. The lead angle would be made greater, 
to lengthen the effective stroke, if astern had 
not to be considered. In Fig. 19, page 454, ante, 
scavenge curve A is determined by the crank, but 
exhaust curve B is movable, relative to A, by altering 
the lead angle. The determinant, therefore, is the 
minimum amount of astern pre-opening to exhaust 
which is practicable. In a non-reversible engine, the 
lead angle is often 15 deg. 

Each indicator cam is set slightly ahead of the main- 
iston top dead-centre, to ensure that the compression 
ine coincides with the expansion line, thereby showing 

a state of no-work. If the indicator cam were set to 
correspond with the travel of the main piston, a 
diagram taken from the cylinder—without injection 
—would show the compression line to be slightly above 
the expansion line. It is possible that, under running 
conditions, the advancing of the cam may cause the 
area of the card to reflect a greater volume than is 
— to the actual work done in the cylinder. 

the cam were not advanced, but were set to the 
travel of the main piston, a smaller diagram would be 
shown, with a ccrresponding increase in the apparent 
mechanical efficiency. Arising from connecting-rod 
obliquity, the angular advance of the bottom indicator- 
cam, in a double-acting engine, is about twice that for 
the top. The increase of bottom indicated horse-power 
will tend further to decrease the a mechanical 
efficiency in such an engine. For shop-test purposes, 
the fuel consumption brake horse-power-hour is a 
sound criterion, but this is not available at sea ; neither 
is cathode-ray oscillograph apparatus. There, the engi- 
neer must ay upon Endloate cards. 

The author is inclined, at times, to doubt the reality 
of some of the mechanical efficiencies which he sees 
quoted. The highest mechanical efficiency known to 
him for a double-acting two-stroke engine with self- 
driven scavenge blowers, on a special shop test, was 84-5 
percent. Normally, it is80 per cent. to 81 per cent. and 
he would be suspicious of a much hi figure for such 
an engine. Similar comment be made upon 
single-acting engines. An estimate of frictional losses in 








MARINE DIESEL ENGINES. 








rings, main and exhaust, 5 per cent.; blower, 6 per 
cent.; camshaft chains, etc., 1 per cent.; total, 18 per 
cent. By comparison, the large Belfast-built recipro- 
cating steam engines had a mechanical efficiency of 
91 per cent. If the blower power is deducted and a 
suitable allowance made for the increased frictional 
losses at pistons and other Diesel engine parts, the 
results are not dissimilar. 

Fig. 27, herewith, illustrates the arrangement of 
indicating gear for a doubie-acting engine, and Figs. 28 
and 29 show the details. There are two circular cams, 
one for the top end of the cylinder and one for the 
bottom end. e roller is changed from one cam to the 
other by revolving the locating link through 90 deg. 
and pushing it over from one side of the lever to the 
other; pushing the roller along its pin, from one 
cam to the other; and dropping the locating link into 
the place previously occupied by the roller. The 
motion of the cam-roller lever is transmitted through 
links to a vertical rod, the top and bottom extremities 
of which are attached to which drive the respec- 
tive indicator drums. The spring underneath the lever 
ensures contact between roller and cam at all times. 
Similarly, the long spring on the vertical rod ensures its 
return. The cams are attached by a spigoted con- 
struction to a carrier and are each held to it by four 
tap-bolts, arranged in adjustable slots; the carrier 
grips the camshaft and is secured by a saddle-key ; 
in addition, there are two radial set-screws, thimble- 
pointed. Cams and rollers are of forged mild steel. 

In a single-acting engine wherein the ratio of connect- 
ing rod to crank is 4 : 1 and eccentric rod to eccentric is 
12: 1, the cam is of 437 mm. (17-20 in.) diameter, the 
roller 100 mm. (3-94 in.) diameter, and the eccentricity 
of cam 45-5 mm. (1-79 in.). In a double-acting engine 
in which the ratio of connecting rod to crank is 4: 1 
and eccentric rod to eccentric 11:1, the cam is of 
412 mm. (16-22 in.) diameter, the roller 80 mm. 
(3-15 in.) diameter, and the eccentricity of cam 41 mm. 
(1-61 in.). 

During recent years, much thought has been given by 
many people, in many countries, to making Diesel 
engines, air compressors, and other enclosed machines 
completely safe from crankcase explosions. The 
subject bristles with controversial points and requires 
much more space for adequate treatment than is avail- 
able in this paper. The author therefore confines his 
remarks to a brief outline of his opinions. 

The content of a normal case is usually—and 
in the author’s opinion erroneously—visualised as 
being a mixture of oil vapour and air, over-rich and 
therefore outside the inflammability range. The 
normal content of a crankcase consists simply of air. 
This air is prolifically charged with globules of oil of 
many different sizes, ranging from large droplets to tiny 
particles. Normally, in the authcr’s opinion—and this 
opinion is reinforced by actual tests on ships in service— 
there is little, if any, oil vapour present. But, if a 
hot spot develops somewhere, the oil particles in the 
neighbourhood can become vaporised, and, with the 
continued generation of heat, this evaporation of 
particles proceeds apace until, locally, an inflammable 
mixture may be caused. If the generation of heat at 
the hot spot is not arrested and if all circumstances are 
propitious, there may be an explosion—mild or severe, 
according to all the circumstances existing at the 
moment. 

It follows from the nature of the problem that it is 
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impossible to do much to alter the contents of the 
crankcase; nor can it be stated, with certainty, that 
any engine will continue to function, year in and year 
out, without, somewhere, at some time, a hot spot 
a ing. Therefore, in the author’s opinion, it is the 
ineer’s business to arr: utions in such a 
way that, if a hot spot sh occur and if it should 
remain undetected for some time, an explosion will not 
result ; or if, despite ing, there should be an 
—- then its effects will be unimportant. 
author has in his possession records of about 
40 engines of many makes and sizes, for land and 
marine purposes, of British, Continental, and American 
origin, in which crankcase osions have been 
experienced. These engines vary in size from auxiliary 
engines of 300 or 400 h.p. we peak-load stationary 
sets of 20,000 h.p. If this representative collection is 


any guide, trunk engines are not more prone to explo- 
sions than are crosshead engines. On the con ma 
results show that the ratio between crossh and 


semi-crosshead engines on the one hand, and trunk 
engines on the other, is at least 2:1. The causes are as 
diverse as the engine types and sizes; but all the 
ait unas 
explica 

an 


ble on the basis that the mixture of oil particles | shaft 


id air becomes converted, by a hot spot, into a local 
mixture of vapour and air which eventually becomes 
explosive. 

The first precaution to take, it seems, is to fit on 
every crankcase a relief contrivance. The form which 
has been fitted, during the past 15 years or so, to all the 
two-stroke engines in which the author is interested, is 
that shown in Figs. 30, 31 and 32, herewith. It is an 
aluminium door, hinged at one side, and held by a very 
lightly-loaded spring sneck on the other. The latest 
patented form is that shown on the right-hand section. 


The door opens at a pressure of not more than } Ib. per Shaft, horse: 


square inch and, on the release of the pressure, closes 
again. This re-closing is im it, because it has 
happened that the first explosion—inside the crankcase 
—has been mild, but, as soon as the external air has 
gained free access to the crankcase contents, a much 
more violent secondary explosion has ensued. 

The first thing, then, is to provide the means of relief 
at each crankcase unit for main propelling engi and 
also for large auxiliary units; and at one or both ends 
for small auxili engines. Then, if an explosive 
mixture is created, the safety door lifts; a flame is 
ejected ; the door closes; and the engineer stops the 
engine. Nothing else happens. On at least six occa- 
sions, within the author’s experience, safety doors 
have functioned in the way described. All the engines 
were either marine auxiliaries or stationary engines. 
He knows one ship, of non-British make and ownership, 
where a main-engine crankcase explosion, with fatal 
results, occurred at the outset of the machinery’s life. 
Safety doors were then fitted and thereafter these doors 
lifted see but there were no explosions. Some 
years later, alterations were made to the i 
which were the focal points of the trouble ‘and hot spots 
mover aquia-aqgessedl &. chest aon say that a hot 
_ is not an essential pre-requisite for an explosion. 

© author, to date, has seen nothing to support this 
dictum. 

The next thing is to ensure that the crankcase doors 
are well bolted to the ing. The common practice 
on shipboard—a praetice which ineer likes— 


is for the crankcase doors to be lightly held, and at as 
few points as possible. Figs. 33 and 34, on this page, 
show — fastenings. The doors are, in fact, nothing 
more t light sheet-steel diaphragms, rendered 
reasonably oil-tight around their perimeters. Such 
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doors aod enn age blown off, or “ sucked off,” b 
pressures of 2 or 3 Ib. per square inch. In the author's 
opinion, all crankcase doors should be well bolted 


perimeters, the plate thickness being left 
as before, but the being stiffened to suit the bolt- 
ing, and the plate being either dished or stiffened by 
cross-bars ; for example, a door 2 m. by 1 m. by 2-4 


mm. (say, 80 in. by 40 in. by 0-094 in.), held at points 
350 mm. (say, 14 in.) apart, the fl being stiffened 
by a 1-25-in. angle-bar, can be pulled off, or “ sucked 


off ” by a live pressure of appreciably less than 1 atmo- 
sphere. The same plate, if dished to a depth of 120 mm. 
(say, 4-75 in.), bounded by a 50 mm. by 65 mm. angle- 
bar (i.e., 2 in. by 2-5 in.) held on by 0-75-in. diameter 
studs, at 130 mm. (5-12 in.) pitch, the flange bei 
= ee. (2-5 in.) wide and 17-5 mm. (0-69 in.) thick, 
ill withstand 10 atmospheres. Engineers who have 
been used to the simpler arrangement will naturally 
a at such a proposal, and will complain about the 
likelihood of nuts being lost, of the time and labour 
taken to unship the doors, and so on. Actually, it is 
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commend it, jally to civil servants who sit in 
offices all day. But it does not go to the root of the 
matter; it cannot automatically safeguard the men 
down in the engine room. 

When one considers the many millions of horse-power, 
at sea and on land, which are generated in Diesel 
machinery, it is clear that the chances of all the circum- 
stances necessary for an explosion coming together in 
@ given engine, at one time, are very remote indeed ; 
but experience has shown—chiefly in other countries— 





TABLE I.—TypicaL SEa-SERVICE RESULTS: DOUBLE-ACTING TwO-STROKE ENGINE OF 6,000 8.H.P. 





. horse- F he be ar 3, 
Sean inshontea pressure (top), kg. per square centim 

Mean indicated pressure ( 

Fuel per indicated power, grammes per 


Fuel per shaft horse-power, Ss ae hone 


hour 
Exhaust temperature (top), deg. C. : 


bottom), kg. per square centimetre 
Exhaust temperature (bottom), deg. C. Y 


| 
ay 
| 


025 3,980 4,650 5,340 6,040 
96 104-5 110-5 116-3 120-7 
5-27 5-68 6-11 6-4 6-93 
4-02 4-95 5-33 5- 6-46 
129-5 134-5 136 133-5 137 
177-5 173-5 169-5 167 169 
73 77-5 79-5 80 81 
44 50 47 67 72 
210 234 246 265 293 
132 147 182 237 274 








TABLE II.—Typicat Ska-SERVICE RESULTS : DOUBLE-ACTING TwO-STROKE ENGINE OF 6,000 8.H.P. 





. per square inch .. --| 


lb. per square inch 
Exhaust temperature (top), deg. F. 


_ 
: 
tom), deg. F. “| 


| 
+ 3, 


025 980 4,650 | 5,840 6,040 
96 104-5 110-5 116-3 120-7 
74-7 80-5 86-8 90-9 98-5 
57-1 70-2 75-8 85 91-7 
0-286 0-206 0-298 0-204 0-302 
0-391 0-382 0-373 0-368 0-372 
73 77-5 79-5 80 81 
0-86 0-97 0-9 1-3 1-4 

410 454 475 509 560 

270 296 360 459 525 














not correct to say that a studded door will take other 
than a few minutes to unship, granted suitable appli- 
ances. Nor need the weight A excessive: it need not 
be beyond the capacity of two men. The author has 
i these points experimentally. To prevent 

damage to the threads of the studs, there should be 
two projecting pins, by which the weight can be taken. 
The importance of bolting-on the crankcase doors may 
be more apparent in installations comprising more than 
one engine. The tremendous amount of heat ene 
liberated, when a crankcase door blows off, may we 
be ible for creating such a dynamic uprush 
of highly heated air to the casing and skylight that the 

negative-pressure wave—the vacuum which 

the uprush—can “ pull off” other crankcase 
doors, from the same or adjacent engines. Thus an 
incident of local significance can lead to something 
much more serious. 

With the two precautions mentioned above, the 
safety of engines against serious crankcase explosions 
sh be assured. When there is reason to 
something wrong—an engineer’s sense of smell is his 
primary guide—it is axiomatic that crankcase doors 
should not be taken off a hot engine until an adequate 
amount of time has been allowed to elapse. The 
application of carbon dioxide, through a system 
pipes led to each crankcase, has theoretically much to 
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that this can happen. As prudent men, therefore, 
engineers must take cognisance of this fact, and devise 
such precautions that, in no circumstances, can men 
and machines come to harm. 

Noise and vibration are transmitted from the machi- 
nery room to the accommodation spaces mainly by 
way of the steel structure. The amount of airborne 
noise is, by comparison, of much less significance. 
Where a shipowner stresses the need for reducing 
vibration Fane to the irreducible minimum, and 
is to pay the cost of achievement, much can 
be done. The author has elsewhere described a success- 
ful form of engine-room construction in which pillars 
from tank-top to decks are eliminated; and in the 
15th Thomas Lowe Gray Lecture he a 4 —_ 
of mounti ing engines on rubber-li c " 
the cngaee Fear cnkaittaly insulated from the hull 
structure. Similarly, all pipes, platforms, and other 
details about the engines can be completely isolated, 
by the use of suitably designed rubber pads, rubber 
ferrules around bolt shanks, and rubber-lined steel 
washers under bolt heads and nuts. 

A satisfactory unit has yet to be devised for con- 
veying to the layman a commonsense impression of 
noises and vibrations. It is useless to produce for a 

jpowner a di which tells him that, at places 
in the ship marked 100 units, the ship is noisy, but 
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What is 
needed is a scale which shows that, if 100 is satisfactory, 
then 200 is rather noisy and 300 not acceptable—or 


that, where marked 97, it is comfortable. 


something of that order. There should also be a 
common standard by which steam and Diesel machi- 
nery can be judged. Hitherto—or so it has seemed to 
the author—there has been a double standard of noise 
morality, which operates to the disadvantage of the 
Diesel engine. 

The tendency during the past decade has been to 
simplify designs and to eliminate costly materials. 
Accordingly, in the engines described in this paper, 
mild steel] and pearlitic cast-iron are the basis of 
construction. Where it is advantageous, cast steel is 
substituted for forged steel. The only heavy items 
which are of special material are the heat-resisting 
steel piston crowns and the 38 to 42 ton carbon-steel 
crossheads. In small items, such as fuel pumps and 
fuel valves, there are necessarily some special materials. 
Heavy marine-engine practice thus differs from that 
of small highly-rated engines, where alloy steels find 
an important place. The marine practice is sound, 
not only on commercial but also on technical grounds. 
Large engine components which are subjected to heavy 
impact forces must be capable of absorbing energy ; 
therefore, a reserve of ductility is needed in the ma- 
terial used. Mild steel has a wonderful self-restoring 
propensity which is absent from the higher-grade 
materials. In this connection, the author has, in times 
past, been badly misled by the results of small-scale 
tests on alloy steels. For certain parts, 3 per cent. 
nickel steel is a valuable material; but he would not 
normally go beyond this. 

Notwithstanding the great number of available 
test-piece data to the contrary, the author has had 
many fatigue failures where the number of stress 
reversals, prior to failure, has much exceeded 10,000,000; 
sometimes the figure has reached 60,000,000. There 
are many things to be considered before a departure 
is made from mild steel, for important components. 
For example: in, say, a mild-steel rod of 10-in. dia- 
meter, there are no locked-up stresses ; but, in a similar 
rod of alloy steel—say, forged manganese-molybdenum 
steel—the internal stresses may be twice the working 
stresses, Some phenomena experienced in service are 
only explicable on this basis. The identification of 
stresses in an engine member can be difficult. It is 
so easy to focus attention on the wrong thing, for 
example, upon the workmanship of the screwed ends 
of a member under alternating stress, instead of upon 
the adequacy of the body against buckling. 

It is a canon of engine manufacture that the di 
of machining accuracy to be accorded any item s) 
be appropriate to the functioning of that item. Apart 








from special details, such as fuel pumps and valves, 
there are but few components requiring a really high 
degree of finish. In engines of ultra-compact design, 
where surfaces are reduced to the limit, it is at the 
gudgeon pin that sensitiveness in running first becomes 
apparent in a trunk engine, and at the top-end pins 
in a crosshead engine. The author has repeatedly 
seen such engines, in which with irregularities of 
7 or 8 microns there was heavy overheating, cured 
by a reduction of the irregularities to 2 microns. The 
bearings ran for eight years, through the war period, 
without being opened up. Inspection then showed 
perfect surfaces and no detectable wear. 

A relatively simple change in design can make a 
radical improvement ; in certain pre-war double-acting 
engines, for example, gas leakages at the bottom 
exhaust-liner joint were the cause, directly and conse- 
quentially, of heavy maintenance charges. The ori- 
ginal construction is shown in Fig. 35, opposite. 
Elimination of the joint, in the design shown in Fig. 36, 
reduced the total overhauling charges for the engine 
to one-fifth of what they had been previously. The 
wealth of experience gained over the past 15 years 
with the later, more advanced, t of Diesel pro- 
pelling engine, should be refi , in future, in a 
reduction of maintenance costs. In other words, 
from now onwards, the attractiveness of steam machi- 
nery, on the basis of its less costly maintenance, should 
decline appreciably. In this connection, the four- 
stroke single-acting pressure-charged crosshead-type 
engine is an exemplar. 

By reason of the changes coming over the world 
oil-position, it can be expected that lower-grade fuel 
oils will be widely used in marine Diesel engines. The 
subject has received much publicity since the end of 
the war. In 1948, a Belfast-built tanker, propelled 
by a four-stroke engine, entered service, operating 
continuously and without difficulty on Haifa furnace 
oil, specific gravity 0-947. In essentials, the burning 
of lower-grade fuel oils necessitates provision for 
heating to a high level (say, to 180 deg. F.) to ensure 
successful atomisation, and the thorough elimination, 
by centrifuging, of water, sludge, solid matter, and 
slow-burning constituents. 

It seems that more effective scavenging is the key 
to further progress in direct-coupled marine Diesel 
engines. The matter is complex and very difficult. 
One of the problems, for example, is to ensure that the 
fuel spray reaches the centre of the cylinder. What 
happens at present is that the swirling air and the fuel 
spray become actively intermixed near the circum- 
ference of the cylinder, promoting excellent combustion 
there, but leaving a centre core of air of which proper 
use is not made. 


The author has more than once stated his views 
upon the rating of marine Diesel machi (see Proc. 
I.Meck£., vol. 150, page 62). A ingly, he here 
confines comment to saying that any engine which 
goes on board a ship, whether for = ing or for 
auxiliary purposes, should be capable of continuous 
service, night and day—that is, 24 hours a day, seven 
days a week. This is primarily a matter for the ship- 
owner. Tables I and II, opposite, show typical sea- 
service results, in metric and English units, respec- 
tively, for a 6,000-shaft horse-power double-acting two- 
stroke engine installed in a cargo liner. 

It is inevitable that somebody should ask how 
present-day Diesel engines compare with high-pressure 
and high-temperature steam machinery for weight, 
space, cost, etc. For a detailed answer, the author must 
refer the inquirer to remarks on this subject, in a paper 
presented to the Liverpool Engineering Society in 
December, 1948, and in the Marine Engineers’ Sym- 
posium (7'rans.I.Mar.E., vol. 59, page 320). It must 
suffice here to say that real machinery weight (i.e., 
engines plus bunkers plus seatings, etc.) is in favour 
of Diesel machinery ; the space is the same, by reason 
of the 13-per cent. rule; first cost is in favour of 
Diesel engines; fuel costs are normally in favour of 
Diesel plant, but this must depend vpon the trade 
route ; maintenance is in favour of turbine machinery. 
This generalised statement requires qualification for 
particular circumstances. For short voyages, the real 
machinery weight may favour turbines; the standby 
losses may be adverse to turbines. There is only one 
safe guiding rule, namely, the impartial analysis of 
each proposition as it arises. Sometimes the conclusion 
will point to one form of prime mover, sometimes to 
another. Often, external factors may decide the issue. 





CENTRELESS GRINDING OF TWIST 
DRILLS. 


Messrs. ArTHUR ScRIVENER, LimiTEp, Tyburn-road, 
Birmingham, have sent us particulars of the adaptations 
of two of their centreless-grinding machines for grinding 
twist drills on the outside diameter during the course of 
manufacture. British Standard No. 328-1928, “ Twist 
and Straight Flute Drills,” requires that “a clearance 
on the diameter of not less than 0-0005 in. per inch or 
more than 0-001 in. per inch shall be provided in the 
diameter, tapering from point to shank.” This is, of 
course, to ensure that the drill shall not bind in the 
hole. Drills with parallel shanks and without this 
clearance have been centreless ground on the shank 
and fluted portion for many years. The operation is 
very simple as the drills are passed through the centre- 
less-grinding machine continuously, and the rate of 
production has been high—560 per hour in the case 
of ¥,-in. drills. The provision of a taper on the fluted 
portion, however, necessitates plunge grinding instead 
of, or in addition to, the straight-through passes. 

Scrivener No. 1 and No. 2 controlled-cycle centreless- 
grinding machines can be arranged for this t of 
work. Production rates for parallel-shank of 
up to 600 per hour are achieved. The accompanying 
illustration shows the No. 1 machine equipped for 
semi-automatic grinding of the small wire-gauge sizes. 
The feed gear is shown in the centre of the illustration. 
Some fluted blanks are laid on the sloping chute seen 
to the left of the centre, with the shrouded grinding 
wheel behind it. A forward movement of the handle of 
about 2 in. advances the lowest workpiece on the chute 
into the grinding “ throat,” at the same time setting in 
motion the controlled-cycle mechanism which advances 
the control wheel and piece on to the opposing grinding 
wheel, and, after the grinding operation, retracts 
the control wheel and ejects the ground workpiece. 
The cycle is repeated by the operator withdrawing and 
pushing forward the loading handle again. 

The No. 2 machine is equipped for grinding drills up 
to $ in. in diameter, and is fully automatic. Taper- 
shank drills are ground in one operation on a No. 2 
machine, an interesting device being used for i 
the wheels. The dressing presents some difficulty, 
since the same Morse-taper size is used for some four 
dozen drills of different diameters. An adjustable 
former is therefore used for dressing the wheels to 
ensure the correct relationship between the Morse-taper 
part and the fluted part. The Morse-taper part of 
the former is moved in relation to the fluted part, 
without altering the angle of the taper, by means of 
a wedge which is adjusted by a screw; the Morse- 
taper part is then locked in relation to the fluted 
rt. The workpiece-loading equipment of the machine 
In rates a safety device which ensure that when 
the operator has advanced one piece into the grinding 
position, the mechanism is locked until the grinding 
cycle is completed, so that the operator cannot, through 
momentary inattention, attempt to load another piece. . 
Production of taper-shank drills by this method, ground 
all over in sizes from } in. to } in. in diameter, is at 





rates up to about 250 per hour. 
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In his presidential address to the Institute of Fuel, 
delivered at the annual general meeting on Thursday, 
April, 28, Dr. D. T. A. Townend, after reviewing the 
work of the Institute and its members, gave a dis- 
course on research. He said that research is not 
exclusively the prerogative of workers in universities, 
but could be undertaken by many others in industry, 
provided they were “research minded.” The fuel 
resources of this country were second only to the 
land in importance to the nation, and there was 
therefore a great need for fuel research. With regard 
to the perennial controversy over the relative merits 
of a classical and a commercial or scientific education, 
the fact that there were “classics” in science, as 
well as in the humanities, was often overlooked, 
using the word “ classics” in the sense of something 
‘‘ which not merely in form, but also in substance, 
is fundamental and worthy of survival.” With the 
great division and specialisation of science which 
has arisen since the turn of the century, team work 
has become increasingly necessary, and this requires 
that the individual should view the field not merely 
as a specialist, but also, to use an old but expressive 
term, as a “natural philosopher.” Dr. Townend 
then gave a brief review of some of the directions 
in which progress has been achieved in fuel technology, 
drawing on the experience of his colleagues at the 
British Coal Utilisation Research Association. 

Research on, coal-burning boilers, although not as 
spectacular as gas-turbine and atomic-energy research, 
will probably yield more readily higher dividends in 
terms of savings in fuel. With shell boilers, the 
most immediate problems are: (1) the quantitative 
determination of the effects of the fuel characteristics 
(volatile and ash contents, caking properties, grading 
and moisture) on the performance of both the fuel- 
burning and the heat-using components ; (2) the esti- 
mation of the best deployment of heat-emitting and 
heat-receiving surfaces within the boiler; and (3) the 
quantitative effect of operating conditions on the 
performance of the unit. These problems are being 
attacked by full-scale tests “in the field,” by full-scale 
experiments at research establishments, and by wide- 
spread laboratory and small-scale investigations. 
Some of the results have been published already, and 
valuable practical material has been issued to industry 
under the zgis of the Fuel Efficiency Committee of the 
Ministry of Fuel and Power. For full-scale experi- 
ments at the Association, an Economic boiler has been 
installed, the entire output of which is condensed 
under the full control of the operators. The boiler is, 
in effect, a large calorimeter, and is at present being 
used for determining the effect which coal characteris- 
tics exert on boiler performance. Other valuable 
work is being undertaken by the R/16 committee and 
by the Boiler Availability Committee, which was 
responsible for the development of the dew-point 
meter and for the discovery of the important influence 
on reactions in the combustion process of smoke par- 
ticles in the gas stream. 

With to recent trends in the design of com- 
bustion appliances, Dr. Townend mentioned the 
Cyclone furnace which, it is claimed, reduces deposits 
and fly-ash. Work is also being carried out on “ con- 
centrated combustion,” in order to reduce the volume 
of the appliance. High rates of heat release nt 
urgent problems to the ceramicist and the metallurgist. 
Turning to prime movers, much is expected of the gas 
turbine, but its peculiar suitability for use as an 
aircraft engine should not be taken as an indication 
that it will necessarily displace other types of prime 
mover in other fields. It would appear that the oil-fired 
as turbine offers good prospects for transport, but 
ie stationary applications in this country the fuel 
should probably be coal. The most fruitful applica- 
tions will probably be those in which inferior coals 
are used. The possibility of combining a solid fuel- 
fired gas turbine and steam plant in such a way as to 
secure the advantages of both has been s ted 
recently. One way of intensifying the combustion 
process is to increase the pressure under which it 
takes place, and in a pressure-combustion boiler 
much of the heat would be used for generating steam 
and the remainder would be available in the flue gas 
for operating gas turbines. Considering the fuel 
industries as a whole, present circumstances make it 
desirable that chemists should intensify research on 
coal with a view to increasing the range and commercial 
value of chemical by-products, as has been done for 
petroleum. The complexity of coal (the constitution 
of which is still unknown) may perhaps be turned to 
advantage if its chemical breakdown can be achieved 
in gradual steps and stopped where desired. The 
recent advances in our understanding of the colloidal 
nature of coal may open up two possibilities which 
would meet essential needs of the organic chemist : 
the preparation of pure, or at least reproducible, coal 
fractions ; and the rendering of a large proportion of 
the material accessible to chemical reagents. 


NOTES ON NEW BOOKS. 


Road Making and Administration. By Dr. P. E. 
Sprecmann, F.R.I.C.. and E. J. Exrrorp, M.I.C.E. 
Second edition. [Price 40s. net.] Highway Survey- 
ing and Setting Out. By B. G. Manton, B.Sc. 
(Eng.), A.M.I.C.E. [Price 28s. net.] Edward Arnold 
and Company, 41, Maddox-street, London, W.1. 


THE first edition of the book by Dr. Spi and 
Mr. Elford, which is Vol. I of the ers’ Library, 
was published in 1934, and a second edition was over- 
due. It is a good source of information on the scientific 
side of highway engineering in Great Britain, and 
bears the stamp of pag labour. The second 
edition has been revised to include the developments 
which have taken place during the past 14 years, but 
there are some omissions; for instance, the rates 
mentioned for its by the Ministry of 

have been out of date for some time. The book covers 
the lay-out and construction of roads, the composition 
of materials used, and also the legal and administrative 
aspects of a highway engineer’s work. The sections on 
bituminous ssabeinte and traffic signals are particularly 
good. Much useful information is included about 
organisations concerned with the subject, together 
with lists of references to other books. It is a pity, 
perhaps, that the authors have not pruned their material 
more closely, as details are given about several 

and materials which have little importance. ere are 
also some errors in the text ; for instance, information 
regarding silicate treatment of concrete roads, given on 
page 215, is repeated on the next page. The authors 
have accepted a widely held, but surely erroneous, 
opinion that speed is not the main factor in 
accidents (“ official figures show a greater number of 
deaths on ‘ restricted ’ than on ‘ de-restricted ’ roads ”’). 
It is obvious that there will be more accidents in the 
densely-crowded streets—the restricted than 
in the open country, but what would happen if the 
traffic was allowed to go faster in the restricted areas ? 
The book is well illustrated with pho phs of modern 
plant. Mr. Manton’s book, which is Vol. 9 in the same 
series is a new work which well covers all that an 
engineer needs to know about highway surveying and 
setting out. The information is clearly and concisely 
given and is illustrated with good di There is, 
perhaps, too much insistence on accuracy ; the author 
states that the error on checking levels at change points 
on a location survey should never exceed 0-01 ft., 
but roads are not laid to such fine limits in normal 
practice. The book should be welcomed by those 


engaged on highway surveying. 


Fine Surface Finish. By 8. F. Pace. Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 16s. net.] 

In view of the technical importance of surface finish 
in mechanical engineering practice, and of the high 
quality of scientific thought that has been given to the 
production and appraisal of fine surfaces, the author of 
a book which professes to deal authoritatively with the 
subject for the benefit of engineering designers, stu- 
dents and mechanics needs exceptional knowledge and 
a special talent for clear exposition. The fact that 
there is room for such a book makes this compilation by 
Mr. Page rather disappointing. A persistent reader, 
undeterred by errors in spelling and composition, will 
gain the impression that the surfaces of machine 
components affect their performance, and that they 
depend on the physical properties of the material and 
the methods of producing and finishing them. He will 
learn little, however, that is fundamental about either 
the surfaces or their assessment in relation to the duties 
they are required to perform. A small proportion of 
the instruments and techniques in use for fine surface 
measurement is less than adequately described, while 
there is no discussion of alternative ways of standardis- 
ing surfaces or specifying finishes by drawing symbols. 
The text embodies a good deal of needless repetition 
and some statements that are misleading. In short, 
the author’s admission that “every section could 
eontain additional information if the subject were to 
be dealt with completely ” appears to be, if anything, 
an understatement. 





STANDARDISATION OF ELECTRICITY-SUPPLY EQUIP- 
MENT.—Before the nationalisation of the electricity 
supply industry last year, steps had been taken to limit 
the sizes of turbo-alternators to 30 MW and 60 MW, and 
subsequently good progress has been made towards the 
rationalisation of boiler components, pipe work and 
valves. For some months the problem of standardising 
transformers, switchgear, cables, overhead lines and 
meters has been considered by engineering committees 
of the British Electricity Authority and the Area Boards, 
and good progress has been made. Liaison with the 
manufacturers is being maintained through the British 
Electricity Authority—British Electrical and Allied 
Manufacturers Association and the British Electricity 





Authority-Cable Makers’ Association Joint Committees. 


CATALOGUES. 


Arc-Welding Generator.—A compact arc-welding gen - 
erator, capable of supplying up to 200 amperes and 
of welding with a ¥-in. electrode, is described in a 
leaflet issued by the Lincoln Electric Company, Limited , 
Welwyn Garden City, Hertfordshire. 


Telephone-Line Testing Equipment.—The equipment 
they have designed for testing telephone-line plant is 
described in a pamphlet we have received from the 
Automatic Telephone and Electric Company, Limited, 
Strowger Works, Liverpool, 7. 


Radio Receiving Sets.—Details, with full technica! 
particulars of the radio receivers included in their 
1949-50 programme, are given in a pamphlet issued by 
the General Electric Company, Limited, Magnet House, 
Kingsway, Londen, W.C.2. 

Electric Wires and Cables.—Full particulars of the 
electric cables and flexible cords manufactured by them 
to the standards of the Cable Makers’ Association are 
given in a catalogue we have received from the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2. 


Copper Earth Rods.—Solid-drawn high-conductivity 
copper earth rods, with wide vertical ribs to give a 
surface area practically double that of a cylindrical rod 
of equal weight, are the subject of a leaflet we have 
received by British Insulated Callender’s Cables, Limited, 
Norfolk House, Norfolk-street, London, W.C.2. 


Road-Traffic Signals.—Details of the Electro-matic 
vehicle-actuated traffic signals installed outside the 
Bank of England, London, are given in a well-illustrated 
pamphlet received from the Automatic Telephone and 
Electric Company, Limited, Strowger Works, Liver- 
pool, 7. This sytem was described on page 86 of our 
164th volume (1947). 


High-Frequency Radio Communication Equipment. 
—Messrs. Marconi’s Wireless Telegraph Company. 
Limited, Chelmsford, have sent us a copy of a pamphlet 
giving particulars of the very high frequency equipment 
they are manufacturing for such purposes as harbour 
communication, press, police, taxi-cab and railway ser- 
vices and fire prevention. 


Sealing Plastic for Boiler Brickwork.—The use and 
advantages of Coltrate Plastic, for sealing the brickwork 
settings of boilers and economisers, are described in a 
leaflet issued by the Brittain Engineering Company, 
Limited, c/o International Exporters and Importers, 
Limited, 19a, Coleman-street, Londén, E.C.2. It is 
readily applied by unskilled labour to prevent cold air 
from entering through cracks in the brickwork. 


Motor-Control Switchboards.—Four leaflets dealing 
with typical examples of switchboards for controlling 
electric motors have been received from Brookhirst 
Switchgear, Limited, Northgate Works, Chester. This 
equipment is actuated by push buttons mounted on a 
diagram, which is reproduced in distinctive colours to 
represent each separate section of the plant. 


Television, Microphone and Loud-Speaker Cables.— 
The co-axial, unscreened-twin and screen-twin cables 
for the down leads of television sets are described in a 
pamphlet published by British Insulated Callender’s 
Cables, Limited, Norfolk House, Norfolk-street, London, 
W.C.2. Other pamphlets deal with cables made by the 
same firm for microphones and loud-speakers, as well as 
radio connecting wires. 

Triple-Pole Fuse-Switches.—The Isofuse triple-pole 
fuse-switeh, details of which are given in a leafiet issued 
by Messrs. Brookhirst Switchgear, Limited, Chester, was 
originally designed to meet the demand for a switch, 
which could be mounted flush in a cavity on a machine 
tool and at the same time be readily accessible for 
inspection. It has since been employed on large motor- 
control boards, and for controlling power circuits in 
hotels, cinemas and hospitals. 

Private Automatic Teleph Exchange.—A pamphlet 

received from the Automatic Telephone and Electric 
Company, Limited, Strowger Works, Liverpool, 7, deals 
with a private branch exchange which is provided with 
facilities for both external and internal communication. 
Internal and outgoing calls are effected automatically, 
but incoming calls from the public telephone system are 
normally dealt with by an attendant. An i ing call 
can be transferred from one internal extension to another 
by pressing a button and dialling. 
Industrial Photo-Electric Equipment.—A series of 
descriptive leaflets issued by Radiovisor Parent, Limited, 
1, Stanhope-street, London, N.W.1, deals with examples 
of the use of photo-electric equipment in industry. One 
leaflet covers the Radiovisor Flamestat, which has been 
designed to protect oil- or pulverised-fuelfired equip ment 
by automatically cutting off the fuel should the flame 
fall below a predetermined intensity. Another describes 
a smoke indicator for recording the density or volume 
of smoke emitted from factory chimneys, and also 
arranged to give an audible or visible warning if a pre- 
determined density is exceeded. 
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THE MEASUREMENT OF 
TORQUE IN SHAFTS. 


By Huex Forp, D.S8c., M.I.Mech.E., 
AND Axtan Dovc.as. 


THE need to measure accurately the torque, or 
torsion moment, in a shaft, either in a static con- 
dition or during rotation, has exercised the ingenuity 
of engineers for many years. Numerous clever 
devices have been produced from time to time, 
and, more recently, as in most branches of mechani- 
cal engineering, the help of the electrical engineer 
and the physicist has been enlisted to provide 
greater accuracy and convenience in indicating and 
recording torque. As will be detailed later, by 


Fig. 1. 
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Torque in an element of a machine can be either 
static, in which a couple is applied to the element 
without rotating the element; or dynamic, in 
which the torsion moment is applied to an element 
that is rotating. In the static case, the element is 
subject to certain stresses; in the dynamic case, 
the torque gives rise to the transmission of power. 
Static and dynamic torques can be either constant 
or variable; and the variation may be either 
cyclical or fluctuating. 

When a shaft is subject to a torsion moment, it 
undergoes a torsional strain ; and during the elastic 
portion of the stress-strain relationship, the torsional 
strain is proportional to the moment applied. 
Thus, if T =the torque applied; J =the polar 
moment of area of the cross-section of the shaft ; 
C =the modulus of rigidity; and @ = angle of 





ing other torque-meters, for, i if means can be devised 
to measure @, then the above relationship can be 
used to calculate the value of k. 

The Rev. F. J. Jervis Smith made what was 
probably the first review of methods of measuring 
torque.* It is impossible, in a short article, to 
cover all the early types of torque-meters which 
have been developed, but a few should be mentioned. 
An excellent survey of the early types is given in 
the late Mr. J. Hamilton Gibson’s paper before the 
North East Coast Institution of Engineers and Ship- 
builders. 

Féttinger’s torsionmeter, illustrated in Fig. 1, 
herewith, was one of the earliest meters. It is a 
mechanical device and will be described since it illus- 
trates the principles upon which many meters work. 
It consists of two split clamps, a and c, encircling 
the shaft in which the torque is to be measured. 
These clamps are pinned or screwed to the shaft 
between definite gauge points on the shaft, a distance 
l apart. To the clamp c a sleeve is fixed which 
transfers the motion of the gauge point on the shaft 
to the disc b, close to the disc on the clamp a. The 
relative angular motion of the discs a and b is a 
measure of the torque on the shaft. This angular 
motion is magnified by the link system and recorded 
by @ pencil d on suitable paper wrapped round the 
co-axial cylinder e, which is stationary and can be 
moved clear of the pencil when required. When 
there is no torque on the shaft, the pencil traces a 
circunrferential line and this is the zero line of the 
diagram. When torque is transmitted by the shaft, 
the pencil moves to the right or left, according to 












































permission of the British Iron and Steel Research 
Association, it was necessary, in connection with a 
programme of research into the cold-rolling process, 

to fit meters to the driving spindles of a two- Soligh 
cold-rolling strip mill, to measure the torque 
required to operate the rolls. From a survey, in this 
connection, of the existing methods of measuring 
torque, it appeared that no review of such methods 
and devices had been made in recent years, and it is 
thought, therefore, that some record of the survey 
may be of interest. 

The mechanical engineer cannot be expected to 
be able to judge between the many highly complex 
electrical and electronic circuits which now so often 
accompany the detection and indication of small 
quantities which it is desired to measure. This 
article is an attempt to weigh the merits of a number 
of these, as they affect the mechanical engineer ; 
the methods available; which method should be 
chosen in given circumstances; what special 
provisions must be made to allow a particular type 
of gauge to be fitted; and what subsidiary gear is 
involved. 






































strain on a length of shaft, 1; then = -%, 80 


that, for a given shatt, since J, C and J are fixed, 
T =k 0, k being a constant. 

In almost all cases, torque is measured by 
measuring the elastic torsional strain of a shaft 
transmitting the torque. Since the engineering 
design of torsional elements depends upon keeping 
the maximum stress well within the elastic limit 
of the material of the shaft, this means that, given 
suitable apparatus, torque-meters can be made to 
work on any torsional element of a machine. In 
only two cases, so far as the authors are aware, 
have physical properties other than elastic pro- 
perties been used to measure torque. 

The simplest way to measure a non-variable 
torque, when the shaft is not rotating, is to apply a 
weight at the end of an arm attached to the shaft. 
This method, of course, cannot be used for a rotating 
shaft, but any of the methods to be described later 
for the dynamic case can be used for measuring a 





static torque. The simple beam and weight is 
used extensively in testing machines and in calibrat- 


the direction of rotation, and traces a more or less 
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wavy line at some distance from the zero line. The 
micrometer screw f allows the ordinates to be 
calibrated in angular movement. 

This instrument was developed for finding the 
power transmitted through the propeller shaft of a 
ship. The disadvantages are that a long free length 
of shaft is required (which is liable to flex); it can 
only be used on slow-moving shafts ; and, although 
it gives a continuous record, it can show only two 
or three revolutions if the torque is varying, and 
gives no observable pointer 

In Collie’s torsionmeter (Figs. 2 and 3, herewith), 
to obtain a longer gauge length, and hence a larger 
angular twist for ease of measurement, two light 
shafts, co-axial with each other, are mounted in 
bearings parallel to the main shaft and driven from 
it by sprocket wheels and chains or by gearing with 
a high ratio. As shown in Fig. 3, the end of one of 
the shafts, a, is screwed and carries a nut, b, which 


* Dynamometers. Edited by Sir Oharles V. Boys. 
Constable and Company, Limited, London (1915). 
t Trans. N.E.C.I., vol. 24, page 151 (1908). 
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is splined to the other shaft, c, and can slide upon 
it for a limited distance. The motion of the nut 
is transmitted to a pointer, which measures a 
mechanical magnification of the movement relative 
to a scale. When the main shaft twists under 
load, one of the shafts advances or retards in 
angular position with regard to the other, so 
screwing the nuts one way or the other by an 
amount proportional to the torque transmitted. 
While the accuracy of the indication would not be 
very high, a direct pointer reading is given. Obvi- 
ously, the instrument is not applicable where space 
is limited. 

The two preceding instruments are of the “sleeve ” 
type, that is, the motion of one section of the shaft is 
compared, relatively to another section, by a con- 
centric sleeve or parallel shaft ; most meters are of 
this type, in one form or another. In the disc type, 
however, the angular twist of a length of a shaft is 
measured between two discs mounted at the two 
ends of the gauge length, and some means, not 
rotating with the shaft, is used to measure the 
relative position of the two discs; for example, a 
light signal is shone between them, or an electric 
current impulse from the discs can be picked up. 
These methods have been used in the Bevis-Gibson 
flash-light torsionmeter and the Denny Johnson 
meter, respectively, and are fully described in 
Gibson’s paper. 

In an attempt to shorten the gauge length 
required by these early meters, the magnification 
afforded by a light beam is used in the Hopkinson- 
Thring meter. ‘lhe diagrams (Figs. 4 and 5, page 
481) show that it is of the sleeve type, the relative 
movement under torque being registered by a mirror 
pivoted to one clamp and tilted about a perpendicular 
axis by an arm fixed to the other clamp. A spot of 
light is focused on to the mirror from a stationary 
lamp, and the reflected beam of light forms an image 
on a ground-glass scale. A similar beam reflected 
from a fixed mirror, diametrically opposite to the 
tilting mirror, provides a zero ing. It will be 
seen that a streak of light falls on the scale for an 





mirror is a measure of the torque in the shaft. 
Actually, two identical mirror systems are employed 
in some of the instruments, giving two spots per 
revolution, and at reasonable speeds of rotation 
(about 60 r.p.m.) in a darkened room the impression 
of a continuous spot of light is obtained. 

The instrument is sensitive and gives an indication 
which can be read off a scale, but it does not give a 
continuous record. It is unsuitable, therefore, for 
rapidly fluctuating torques ; and, of course, has the 
usual disadvantages of instruments employing light 
beams and tilting mirrors. It has been fairly widely 
used and is a considerable advance on earlier methods, 
since it is simple, needs only a short gauge length, 
and affords a large magnification. The scale is 
about 5 in. to 7 in. long, and it can be read to one 
division in 100. 

The main disadvantages and limitations of these 
early gauges—all of which were in use before 1909— 
may be summarised as follows. A long length of 
a| shaft is wanted in most cases ; in most machines, in 
these days, such a length is not available, and 
spurious effects are introduced through the bending 
of these long shafts. Most of the devices are only 
applicable to slow- ‘running shafts, and, in general, 
the degree of accuracy is not high. The readings 
are non-continuous (one spot per revolution) ; 
in some cases there is no puinter indication and, in 
others, no permanent record. The instruments 
need skilled operation and interpretation of the 
results; and they are liable to get out of order. 
The original form of the Bevis-Gibson torsionmeter 
had the further disadvantage that the observer had 
to bring his head into close proximity with the 
revolving shaft to view the beam of light. In a 
later type this was obviated by fitting a prism, 
and an eyepiece-at right angles to the shaft. 

The present-day applications for torque-meters 
require compactness, high accuracy, and a high 
speed of response ; a permanent record on a chart, 








and a pointer reading ; robustness, and stability. 






instant at each revolution. The distance along the , 
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The trend has been almost entirely towards elec- 
trical means of transmitting and magnifying the 
angular strain of the gauge length. 

Liirenbaum’s torsionmeter* (Figs. 6 and 7, on this 
page) is illustrated because it is a recent development 
of Féttinger’s meter and provides a record without 
the aid of electrical means. It is a German device 
which was used for measuring the torque at the 
propeller of aircraft in flight, and is similar to 
Féttinger’s meter, except that the magnification 
of the signal by a mechanical linkage is discarded, 
a stylus c being fixed to the sleeve a. The point 
of the stylus, which is a diamond, scratches a line 
on a suitable film, carried over a drum mounted 
on a collar 6, and wound on to a spool fixed to a 
pinion d which is turned by a fast worm e. The 
worm can ride loose on the boss, which incor- 
porates a clutch gear. The clutch can be engaged 
by the operator through the cable f, so causing 
the pinion d to rotate and pull the film past 
the stylus. A continuous record is therefore 
obtained, and means are provided for super- 
imposing a time and revolution scale on the film 
by an electromagnetic device. The line made 
by the stylus is said to be 0-01 to 0-005 mm. wide, 
and a high magnification can be obtained by 
projecting the film in a photographic enlarger. 

The method of recording on a celluloid strip has 
lately come into increasing use, and high speed 
(up to 6,000 r.p.m.) is said to be possible with this 
device. The instrument is compact, simple, and 
introduces no electrical complication, although some 
inconvenience is encountered in interpreting the 
records. The accuracy, speed of response and 
freedom from error caused by vibration would all 
appear to depend on the efficiency of the gauge 
reference points. 

Instruments depending es a change in the 
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“* “Torsion Meters for Aeroplanes in Flight,” by K. A. 
Litrenbaum, Z.V-D.I., March, 1940. 






















MAY 27, 1949. 


MEASUREMENT OF 
Fig. 12. 


: Cover 



























































number of linkages between the flux in a magnetic 
path and a coil generating the flux were used in 1922 
as a means of obtaining an electric current change 
for torque measurement. A long succession of such 
devices was developed* following the successful 
application of the principle to the measurement of 
other kinds of strain or small displacements. All 
these torsionmeters are the same in principle and 
it is proposed to describe two only. 

When a coil, in which a current flows, is wound on 
an iron core which forms a part of a magnetic 
circuit, a flux is set up in the core. If of the 
iron core is separated from the main part of it, the 
flux is forced to pass through an air gap, the reluc- 
tance of which is much higher than that of the iron 
part of the magnetic circuit. A small change in 
this gap, therefore, causes a large change in the 
flux passing round the circuit. If this coil is fed 
with alternating current, the change in the air 
gap will cause a change in the inductance of the coil 
and hence a change in the current. This can be 





* G. Keinath, Dingler’s Polytech. Jl., vol. 335, page 265 
(1922) and #.7.Z., vol. 46, page 703 (1925); J. M. Ford, 
ENGINEERING, vol. 119, page 180 (1925); E. Rolf, 


Elek. Zeit., vol. 54, page 1160 (1933); B. F. Langer and 
K. L. Wommack, Experimental Stress Analysis, vol. Il, 
No. 2. page 11 (1945) ; F. W. Godsey and B. F. Langer, 
A.I.EZ.E., paper No. 44-138, May, 1944. 
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used to indicate the change of the air gap, and the 
indication can be easily amplified. 

A way of using this effect in a torsionmeter is 
shown in Figs. 8 and 9, opposite. The laminated 
armature or movable part of the core a is carried 
on one of the clamps y of the torsionmeter, and two 
identical and opposite electromagnetic circuits, 
b, and 6,, are formed out of the other clamp, z. 
Thus, one air gap is increased, the other is de- 
creased, and, so long as the maximum change 
in air gap is not more than about 10 per cent. 
of the total gap, the response will be linear and, 
even up to 20 per cent. change, will cause very little 
departure from linearity. Fig. 10, opposite, shows a 
simplified circuit suitable for detecting the signal 
from this type of unit. It is an alternating-current 
bridge, the output being fed to a rectifying meter m 
without amplification. Of course, any suitable 
electronic amplifier could be used. 

Recently, the Westinghouse Company of America 
have published details of a novel modification, 
by B. F. Langer and K. L. Wommack, of the electro- 
magnetic gauge, which they call the “magnetic- 
coupled’ torque meter. In most torsionmeters 
which indicate by electrical means, some system of 
\slip-rings and brushes is required to energise the 
elements which rotate with the shaft. These slip- 
rings and brushes may introduce certain errors, or 
cannot be accommodated in the space available, 
or again, may be impracticable because of high 
surface speed, presence of oil, etc. The magnetic- 
coupled torsionmeter was developed to work 
without slip-rings. As shown in Fig. 11, oppo- 
site, it consists of a magnetic circuit of which 
the coils and the main part of the flux path, 
b,, 63, encircle the shaft and are stationary, while 
the armatures a, c and d, forming the variable 
air gaps, are mounted on the shaft. Thus, no 
slip-rings are required and no coils, or other 
likely to be damaged by centrifugal force under 
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high speeds, are located on the rotating element. 
The shaft has three flanges on which are mounted 
three toothed rings c, a and d, of magnetic material, 
but separated from the shaft by non-magnetic 
spacers, ¢. Two sets of air gaps are formed, 
between the outer ring c and the middle ring 
a, and between ring a and the outer ring d. When 
the shaft is loaded, one gap closes and the other 
opens. The flux path includes both these variable 
gaps and the radial non-variable gaps between the 
rotating parts and the stationary parts. The 
permeance of the radial air gap is much larger than 
that of the active gaps, and any spurious variation of 
the radial gap will have little effect on the action of 
the gauge. The gauge is self-compensating for 
bending of the shaft, and is little affected by tem- 
perature over a reasonable range. Instruments have 
been made for torques from 16-7 lb.-ft. to 15,000 
lb.-&., and for speeds up to 20,000 r.p.m. The 
output is small without amplification. A short 
gauge length only is required. 

)In 1932, the Siemens-Halske Company* in Germany 
developed the capacitance type of torque meter, 
shown in Figs. 12. and 13, herewith. The shaft 
has the usual clamps, rigidly fixed by taper pins 
at a definite distance 1, apart. One has two 
insulated plates a attached to it on arms, and the 
other clamp carries two earthed plates 6 in such a 
way that an earthed plate on one clamp is opposite 
and parallel to an insulated plate on the other. 
The parallel plates have an air gap between them 
and, consequently, form air condensers; when the 
shaft twists under load, the plates approach or 
recede, changing the capacitance. There are slip- 
rings c and brushes d to connect the plates to the 
electrical unit. The gauge is energised from an 
alternating-current source. It forms one arm of a 
capacitance bridge, and any change in capacitance 
of the gauge arms will upset the balance of the 
bridge. The unbalance signal can be amplified and 
rectified. The alternating current is supplied at 
5,000 cycles per second, and the distance between 
the plates varies between 0-7 and 2-0 mm. The 
capacitance of the double unit is of the order of 
100 to 250 microfarads. The accuracy claimed is 
+2 per cent. of full scale, and outputs of the 
order of 20 to 25 mA can be obtained with an 
amplifier. Depending upon the size of the unit, 
torques at speeds up to 1,500 r.p.m. can be accu- 
rately indicated. The gauges were first developed 
for use on the spindles of rolling mills, where 
shock-loading conditions are high, and operated 
successfully under these conditions. 

The capacitance of a condenser can be varied 
either by changing the width of the air gap between 
the plates, as in the type just described, or by chang- 
ing the overlap of the plates, since the capacitance 
= 228. micro-microfarads 

3-6 mt 
where A = the area of overlap in sq. cm.; k = the 
dielectric constant = 1 for air; ¢ = width of gap 
between the plates, in cm.; and 7 = coefficient 
to allow for edge effects, etc. The area A can be 
varied, therefore, and several instruments have been 
developed to do this. Rolf used segmental plates on 
discs mounted on the spindle. This instrument is 
cumbersome and has only a small output, and 
temperature changes in the shaft open the gap 
between the plates. 

A much more convenient arrangement is the 
serrated-condenser gauge produced by Carter, 
Shannon and Forshawf of the Royal Aircraft 
Establishment. The principle is shown in Fig. 14, 
herewith. A mild-steel tubular member a has fine 
longitudinal serrations in the bore. The inner 
cylindrical member 5, also of mild steel, has corre- 
sponding external serrations. Concentric tubes 
bring the relative movements of two distant points 
of the shaft to the two condenser elements, element 
b being inside element a. A relative movement of 
the interfaces of the condenser of the order of 
0-0025 in. is suggested as sufficient for the p 
of an oscillograph reading. It is desirable that the 
displacement-capacity relationship should be linear 
over the torque range to be measured. Fig. 14 


* Siemens Zeits., vol. 12, page 341 (1932). 

t “‘ Capacity Gauges,” by B. O. Carter, J. F. Shannon 
and J. R. Forshaw. Proc. I. Mech.E., vol. 152, page 215 
(1946). 
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shows the approximate position of the teeth for 
the value of the capacity at the centre of the linear 
portion of the calibration curve. By half over- 
lapping the serrations at full torque (see Fig. 15, 
page 482) the fullest range of linearity for positive 
or negative torque is secured. Fig. 16, on the 
same page, shows the position of the teeth for the 
maximum value of capacity. 

Typical units have 60, 90 or 180 teeth and can be 
from 1} in. in diameter by in. long. The linearity 
is probably no greater than in the instrument in 
which the gap width is changed. Slip-ring trouble 
is not serious in general, since high-frequency high- 
impedance circuits are used for energising the 
condenser and for detecting and amplifying the 
signal. The usual difficulties involved in very 
high-frequency oscillators (1 megacycle per second) 
will, of course, be encountered in these units. The 
gauge is very compact, as the applications described 
in the paper quoted will show, and it has proved 
very successful. A recent development of the 
capacitance gauge has been reported by Mills* for 
small torques up to about 10 Ib.-ft. with an accuracy 
of +5 per cent., using dog-tooth interlocking con- 
denser plates on a 3} in. gauge length. The change 
of capacitance with torque causes frequency modu- 
lation of a radio-frequency oscillator. 

Considerable interest has been shown lately in 
the resistance strain gauge as a means of measuring 
strains in all kinds of machines, structures and 
stressed materials, and it has been applied success- 
fully to the measurement of torque.t Most of the 
early development of the resistance strain gauge for 
torque measurement has been carried out by the 
Baldwin-Southwark organisation in America, who 
make up standard units for any range of torque. 
The ‘functioning, properties and uses of resistance 
strain gauges have been dealt with in detail else- 
where, and only the application to torque meters will 
be described here. 

The resistance strain gauge, unlike other instru- 
ments based on the elastic twist of a shaft, makes 
use of the point-to-point stretch or compression of 
the surface of the shaft. It can be shown that the 
principal strains in a circular shaft subjected to 
torsion occur at 45 deg. to the axis of the shaft, 
the strains being at right angles and equal, but 
opposite, in sign—that is, they are tensile and com- 
pressive. Thus, if a resistance strain gauge is 
bonded to the surface of a shaft along a 45-deg. 
Relix, it will be subject to the maximum strain 
arising from the torque. A single gauge could be 
used in this way, but it would be responsive not only 
to torsional strain, but to bending strain and to 
dilatation effects, and any changes in brush-contact 
resistance at the slip-rings would swamp the small 
changes at the gauge. 

However, by employing four gauges on helices 
at right angles and on opposite sides of the shaft 
(see Fig. 17, page 483), these unwanted effects are 
almost entirely eliminated, and the effect of changes 
of voltage applied to the network is reduced to a 
minimum. The gauges on the same side are either 
crossed over each other or are arranged in chevron, 
as shown in the illustration, gauges A and C being 
in tension, and B and D in compression. The four 
gauges are connected to form the four arms of a 
Wheatstone bridge (Fig. 18, page 483), so that, when 
the bridge is unbalanced, it is additively unbalanced 
by all the gauges, the output being therefore four 
times that of a bridge with only one active arm. 

There are various possibilities for indicating and 
recording torque with this instrument. The output 
is small and, if direct current is used, a galvano- 
meter or microammeter must be employed. With 
an alternating-current supply, amplification can be 
carried out electronically in any suitable manner. 
The advantages of the instrument are that it 
requires very little space; it has no inertia, and 
therefore is suitable for high-speed operation ; it 
is simple to install and is cheap. It can be fitted 
temporarily without removing the shaft in which 
the torque is to be measured. The disadvantages 
are that, at present, the gauges are liable to zero 
shift during long periods of operation and may fail 
sutiienly under shock- atte conditions ; and the 





*Mills, C. H. G., Jl. Sci. Inst., +t. 25, page 151 (1948). 
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t A. C. Ruge, Experimental Stress Analysis, vol. 
No. 2, page 68 (1944). 





output is small, and may change slightly with time. 
These disadvantages can be largely overcome with 
care and proper operation. Change in slip-ring 
resistance may affect results to some extent, particu- 
larly in industrial applications over long periods ; 
but, for most purposes, it is thought that this offers 
the most satisfactory solution of the torque problem 
for the engineer, especially for temporary appli- 
cation. 

Recent experience by the authors has shown that 
an overall accuracy of 1 per cent. can be achieved 
with the modern strain gauge and amplifier under 
good conditions. The resistance strain gauge is 
dependent upon the electrical amplifier ; it is here 
that the advances have recently been made, and 
many hours of continuous running without drift 








are now possible. 
(To be continued.) 
LITERATURE. 
Nomography. By Proressor A. S. LEVENS. John 


Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York 16, U.S.A. [Price 3 dols.]; Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 18s. net.] 
Tuts is a revised version of a book based upon 
courses given by Professor Levens at the Universities 
of Minnesota and California and originally published 
in 1937 under the title Alignment Charts. It out- 
lines the theory and explains the methods of con- 
structing this type of nomogram, which, as it can 
be made to show the relationship between three or 
more variables, is of wide practical utility. By way 
of introduction, various methods for the graphical 
presentation of data are described. The importance 
of functional scales is next explained. Practical 
hints for graduating these scales are given, together 
with examples of the use of adjacent and non- 
adjacent scales for solving simple equations involv- 
ing a pair of variables. Various types of alignment 
charts for handling equations involving three or 
more variables are then considered ; they include 
those with three or more parallel scales, two parallel 
and one diagonal scale (Z-charts) or three intersect- 
ing scales. More elaborate proportional charts, net 
charts and charts in which one of the scales is 
curved are also dealt with. Clear instructions are 
given for locating and graduating the several scales, 
and a useful chapter describes practical short cuts 
for constructing such charts. The theory of the 
design of alignment charts is based on geometrical 
considerations. The alternative determinant method 
is outlined in Chapter 13, but the rule given for the 
expansion of a determinant of the third order seems 
unnecessarily complicated. A number of well- 
chosen examples are fully worked out and sets of 
exercises, grouped under various headings—hydrau- 
lics, strength of materials, electrical, aeronautical, 
etc., are also provided. An appendix contains 29 
examples of alignment charts for solving representa- 
tive problems in the fields of engineering, produc- 
tion, business and statistics. In brief, it may be 
said that Professor Levens has provided a clear, 
concise and practical introduction to his subject. 





Symposium on Spectroscopic Light Sources. Special 
Technical Publication No. 76. American Society for 
Testing Materials, 1916, Race-street, Philadelphia 3, 
Pennsylvania, U.S.A. [Price 2 dols.] 

Tue papers and discussion contained in this volume 

were presented at the third and fifth sessions of the 

49th annual meeting of the American Society for 

Testing Materials, held in June, 1946. Spectroe 

chemical analysis is carried out in three stages, the 

excitation of the sample, the dispersion of the 
radiation emitted to form a spectrum, and the 
determination of the relative intensities of the 
resulting spectral lines. The committee decided 
that, as the first of these was the least advanced, 


it would be desirable to devote special attention to | 


it. Four main papers were presented and selected 
specialists were invited to contribute to the dis- 
cussion. 

The first paper, on “The Present Status of 
Excitation in Spectrographic Analysis,” by B. F. 
Scribner of the. National Bureau of Standards, 





traces the development of the various methods of 


excitation Ey in spectrographic analysis and 
discusses how far the available sources satisfy 
present-day analytical requirements. The second, 
by J. H. Enns and R. A. Wolfe, entitled ‘A Study 
of the Controlled Spectrographic Spark Source,”’ 
considers the best means of securing stability with 
the synchronous and air interrupter types of spark 
source. The electrical circuit is analysed with a 
view to controlling the energy input into successive 
sparks. Instantaneous oscillograph records reveal] 
the fluctuations in spectral line intensity, corre- 
sponding to successive sparks. The third paper, con- 
cerning ‘‘ Some Properties of Gas Discharges used 
as Spectral Sources,” is by R. C. Mason. In it the 
characteristic features of the positive column in 
direct-current arcs, and in low-frequency and high- 
frequency alternating-current arcs are studied, and 
the question of the existence of thermal equilibrium 
in the positive column is examined critically. The 
last paper, by G. H. Dieke, deals with ‘ Short- 
period Phenomena in Light Sources” and, from a 
systematic scrutiny of the fundamental processes 
going on, provides some insight into the causes of 
the discrepancies arising with existing techniques. 

Additional points brought out in the prepared 
discussion that followed include scale drift with the 
direct-current arc, and the effect of excitation 
variables on the intensity ratios of the copper and 
aluminium lines. The advantages of direct photo- 
electric methods of measuring spectral line intensities 
are stressed, and two attractive designs of air gap 
and interrupted spark sources are illustrated. 
Symposia such as this are valuable in directing 
attention to a well-defined topic and in presenting 
the current position in that topic competently and 
concisely. The usefulness of this particular report 
would have been greater, however, if it could have 
been published rather sooner after the event. 





Die Verbrennungekrafimaschine. Vol. IX. Die Stewerung 
der Verbr By PROFESSOR A. 
PISCHINGER. Springer Verlag, Mélkerbastei 5, Vienna 
1. [Price 31. 10s. 0d.) 

Tuts book of 240 pages, unbound except for tough 

paper covers, seems very expensive, even though 

it is am excellent example of the printer’s art, with 
illustrations of high quality, and includes a great 
deal of original research, involving much laborious 
graphical work and tabulation. The full import of 
the book lies in the fact that it is Vol. [IX of a com- 
prehensive treatise on the internal-combustion 
engine which is to be completed in 16 volumes. This 
great undertaking, which shows an astonishing 
courage and faith, in view of the conditions in 

Austria during the past ten years, is edited by 

Dr. Hans List, who, like the author, is a professor 

at the Technical High School at Graz. 

The scope of the book is wider than the English 
translation of the title would imply, as sections on 
starting and reversing are included. The treatment 
is also more general than most books in English 
provide; instead of treating small high-speed 
engines as a separate subject, the author ranges 
from the high-speed petrol engine to the fairly 
large Diesel. This is advantageous, for the reader 
is reminded of speed effects on the one hand and 
size effects on the other. The stretching of chain 
drives and the longitudinal vibrations of push 
rods may be cited as examples. It is good that 
the designer and operator of small high-speed 
engines should be remind<«d of the wider problems 
of heat flow, starting and reversing, which larger 
size of engines involve. 

An interesting feature of the book is the plotting 
of “‘experience ” from engines in actual practice, 
by means of “scatter” diagrams, valve timing for 
several engines being shown against mean piston 
speed, and valve lift against valve diameter. These 
scatter diagrams should be valuable to the experi- 
enced designer and student alike. To the former 
they show at a glance how opinion and compromise 
are at work in special conditions; to the latter 
they show that practice is not a single-valued 
solution to be taken from a simple formula. These 
diagrams show, better than any table can do, 
where the concensus of experience centres, how 
much latitude of opinion there is, and how practice 
concerning high-speed and low-speed Diesels com- 











pares with that for petrol engines. 
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‘*STEAM OFFICERS.’’ 


By Enorveer Caprarn Epaar C. Smrru, O.B.E., 
R.N. 


Some significant events of 1849, relating to the 
rapidly increasing number of H.M. ships driven by 
steam, may, perhaps, justify a brief review of the 
state of the Fleet a century ago, attention being 
directed not only to the ships themselves, but to 
the ‘‘ steam officers”? who were in command and 
the engineering staffs ashore and afloat who were 
responsible for the operation and maintenance of 
machinery. Twenty-one years had passed since, 
for the first time, the name of a steam vessel had 
been included in the official Navy List, but by 1849, 
some 150 were shown as in commission, in reserve, 
or building ; about two-thirds of this number were 
paddle-wheel vessels, the remainder screw ships. 
The earliest naval steam craft had been small 
dispatch vessels, often used as tugs. By 1849, 
there were in commission several old two-deckers, 
converted to auxiliary screw propulsion, and numer- 
ous paddle-wheel frigates, paddle-wheel sloops, 
screw sloops, steam gun vessels, and the like, some 
of which had been in action. 

The majority of these vessels were of wood. 
Iron had been used in a few instances, and the fine 
iron vessels Birkenhead, Megzera, Simoom and 
Vulcan had been laid down as frigates. Experiments 
made with projectiles fired at targets representing 
the sides of these vessels, however, had resulted in 
the abandonment, for the time, of iron for fighting 
ships, and the Birkenhead and her sisters were 
reduced to the status of steam troop ships. On 
the other hand, experiments made about 1845 
with the Rattler and other vessels had all gone in 
favour of screw propulsion and, for all practical 
P , 1849 may be regarded as marking the 
end of the building of paddle-wheel ships for the 
Royal Navy. 

Another matter which claimed the attention of 
the authorities was the possible use in an emergency 
of the ships of the principal steamship companies, 
and this led to the report, ordered to be printed on 
May 22, 1849, of the findings of a Select Committee 
of the House of Commons on “ The Practicability 
of Providing by means of the Commercial Steam 
Marine of the Country, a Reserve Steam Navy 
available for the National Defence when required.” 
Needless to say, any vessels earmarked for this 
purpose had to be of wooden construction, for the 
Government did not allow even the mails to be 
carried fh iron ships. This period, however, marks 
the beginning of the co-operation between the 
Royal and Merchant Navies. 

The revolution brought about by the introduction 
of the marine steam engine led not only to changes in 
the design and construction of ships, but gave rise 
to many new ideas on their handling and manwuv- 
ring, when under steam or sail alone, or when sail 
and steam power were combined. Various naval 
writers discussed these problems and also the 
larger question of the mancuvring of fleets of 
steam warships. One of these writers, Admiral W. 
Bowles, in his Essay on Naval Tactics, of 1846, 
wrote that ‘“‘ we had then arrived at a new era, in 
which steam would enable naval commanders to 
conduct their operations and manceuvres on 
military and scientific principles; that fleets, 
moving by a force beyond the influence of wind and 
weather, would have it in their power to attack or 
repulse an enemy in a manner hitherto unknown in 
naval actions; that an admiral, by keeping his 
ships together in a collected and manageable order 
and skilfully manceuvred, could prevent the recur- 
rence of the many indecisive and unsuccessful naval 
engagements of times past . . .” 

The same subject was dealt with later by the dis- 
tinguished gunnery expert, General Sir Howard 
Douglas, in his book On Naval Warfare with Steam, 
published in 1858. Though, in 1849, no admiral was 
in a position to put Admiral Bowles’s plans to the 
test, five years later, when Sir Charles Napier 
sailed for the Baltic, he had an entire fleet of steam 
ships; and in another five years the doom of the 
sailing ship had been sealed. In 1849, the problem 
of the moment was how to combine the work of the 
great sailing ships of the line with the lesser but 











extremely useful steam frigates and sloops. The 
extent to which steam had invaded the British 
overseas fleets can be seen by a review of the ships 
in the Mediterranean, where the Commander-in- 
Chief, Admiral Sir William Parker, flew his flag in 
the Caledonia, 120 guns, and had with him the 
Howe, also of 120 guns, six other ships of the line 
mounting from 78 to 116 guns, and the 17 steam 
vessels shown in the following table. In each case, 
the nominal horse-power is given; the indicated 
horse-power might be 50 to 100 per cent. greater. 


Antelope .. 200 h.p. Oberon ... .. 260 h.p. 
Ardent ... .. 200 h.p. Odin... ... 560 bp. 
Bulldog .. 500 h.p. Porcupine -. 140 h.p. 
Dragon ..- 560 h.p. Rosamond .. 287 h.p. 
Firebrand ... 410 hp. Sharpshooter ... 202 h.p. 
Growler... .-- 280 h.p. Spiteful --- 280 hp. 
Medina ... --- 312 hp. Tartarus --» 136 bp. 
Medusa ... 312 hp. Triton ... .. 260 hp. 
Merlin ... .-- 312 hp. 


The Dragon, Firebrand and Odin, vessels of 
1,200 tons to 1,400 tons, according to the Builders’ 
Old Measurement, were classed as steam frigates ; 
the Ardent, Bulldog, Growler, Rosamond and 
Spiteful, from 800 tons to 1,100 tons, as sloops ; 
and the others as steam packets or gun vessels. 
The Antelope and Shearwater were the only ships 
of iron. As for armament, the Odin had 12 guns, 
but none of the others more than six. The Rosa- 
mond was the former Eclair, which as such had 
seen 70 of her officers and crew die of yellow fever 
on the West Coast of Africa. 

The Commander-in-Chief’s letters to the Admiralty 
contain many references to the steam vessels which 
had been or were still under his command ; and on 
November 30, 1849, he told how, on the passage 
of the squadron to Besika Bay, the Dragon had 
towed the Caledonia and Howe through the Douro 
Channel at a speed of five knots. If necessary, he 
intended the Dragon and Odin to tow the sailing 
ships through the Dardanelles. The general view 
was that, in an action, each large ship would have 
its attendant steamer, which, in some cases, would 
be lashed alongside. Nowhere were steam vessels 
found more useful than on the West Coast of Africa, 
where they were employed in suppressing the slave 
trade. Here, the Commodore, Arthur Fanshawe, 
flew his broad pennant in the paddle-wheel frigate 
Centaur and had with him seven other steam 
vessels, including the screw sloop Rattler. Steam 
vessels were also stationed on the North East and 
South East coasts of America, in the Pacific, and in 
the East Indies. 

In the eighteen-forties, the majority of naval 
officers probably agreed with a writer in The Times 
of August 20, 1844, that, in the event of another 
continental war, the question of maritime pre- 
dominance ‘“‘ can under no circumstances be decided 
by any number of steamers, however skilfully con- 
structed, however lightly built, however cleverly 
managed, or completely manned.” For all that, 
there were many among the younger generation 
who read the signs of the times aright and saw 
that the bridge of a steam frigate might be a step 
to promotion. These officers deliberately devoted 
themselves to the study of the steam engine, the 
working of boilers, the economical use of coal, and 
the handling of steam craft. Nearly all the com- 
manding officers of steam men-of-war in 1849 
belonged to this class, and were known collectively 
as ‘‘ steam officers.” 

In their endeavours to qualify for command, 
they read the manuals of Ross, Williams, Otway 
and Robinson, and also the more technical works 
of Tredgold and Bourne; they made trips in 
steamers, worked in engine factories, and attended 
the Royal Naval College, Portsmouth, which, after 
being used up to 1837 for training ‘‘ volunteers,” 
was re-opened in 1839 for the instruction of mates, 
lieutenants and more senior officers. For a long 
period, Chief Engineer Thomas Brown was the 
instructor in steam, and attached to the College for 
the use of students was the curious little vessel Bee, 
45 tons and 10 h.p., fitted with both paddle-wheels 
and screw propeller. From its re-opening, the 
College was under the command of Captain Sir 
Thomas Hastings, the commanding officer of the 
gunnery ship Excellent, and the Navy owed much 
to him and his successor, Captain Henry Ducie 
Chads, for the stimulus they gave to the training 





in scientific principles of both gunnery officers and 
those desirous of commanding steam vessels. 

In his Treatise on Economy of Fuel, published in 
1852, Captain Alfred P. Ryder described himself as 
“Captain, Royal Navy, late student at the Royal 
Naval College, Portsmouth ” ; a sufficient testament 
to the value of the teaching of Professor the Rev. 
J. T. Main, F.R.S., the mathematician H. W. 
Jeans, F.R.S., and Thomas Brown. As can be seen 
from an Admiralty order of December 8, 1849, the 
examinations for ‘‘ Steam Officers” were held 
quarterly, the subjects including geometry, mech- 
anics, heat, the steam engine, fuel economy, and 
“the nature, applications and uses of the indicator.” 
In 1853, examinations were also held at Woolwich. 
The scope of the engineering training given can be 
gauged from a perusal of the two books written 
jointly by Main and Brown, on The Marine Steam 
Engine (1847) and The Indicator and Dynamometer 
(1847). 

Among the better known “‘ steam officers” were 
Commander J. C. Hoseason, who, during a long 
commission, 1846-49, circumnavigated the globe in 
the Inflexible, steaming some 64,000 miles ; Captain 
Woodford J. Williams, who had given the first 
steam, lectures in the college, and commanded the 
Stromboli and Amphion; and Captain William 
Honeyman Henderson, who had spent nearly ten 
years in the command, successively, of the Phoenix, 
the Gorgon and the steam frigate Sidon. Captain 
Horatio T. Austin, who, in 1849, was in command 
of the Blenheim “a model steam guardship of 
highly uncertain capacities’, had, in turn, com- 
manded the Salamander, Medea, Cyclops and 
Tartarus. Sir John Briggs, in his Naval Adminis- 
trations, 1827-1892, wrote that Austin, when in the 
Medea, obtained for himself ‘‘ considerable credit 
by steaming that vessel from the Thames igto the 
basin at Woolwich Dockyard and proving to the 
naval profession that a man-of-war skilfully handled 
was as completely under control as a penny steam- 
boat.”” On June 20, 1849, Austin superintended 
the “‘ pull devil pull baker” trials of the paddle- 
wheel vessel Basilisk, and the screw ship Niger, 
having the assistance of Captain E. P. Halsted, 
who had spent three years in study at Portsmouth 
and Woolwich and who, in 1850, published his book 
on The Screw Fleet of the Navy. 

Then there were Captains Erasmus Ommanney 
and John Robb, “old apprentices” of Robert 
Napier; Captain William WHutcheon Hall, in 
command of the Dragon; Captain the Hon. 
Frederick T. Pelham, of the Odin ; and Commander 
Astley Cooper Key, in command of the Bulldog. 
“Steam Officers” did not always get what they 
wanted, for, though Captain E. G. Fanshawe had 
attended the works of Seaward, studied at the College 
and obtained his “‘ Steam Certificate,” in 1849 he 
was in the Daphne, of 18 guns, in the Pacific, instead 
of the steam sloop Rosamond, as he had hoped. 

The careers of Hall and Key illustrate the ways 
in which naval officers prepared themselves for 
what was almost a new profession. Entering the 
Navy in 1811 as a first-class volunteer, Hall saw 
much service in sailing ships until 1836. He then 
began the study of the steam engine at Glasgow, 
made trips in steamers on the Clyde and Mersey, 
crossed the Atlantic in the famous British Queen, 
and made further trips in steamers on the Hudson 
and Delaware. In November, 1839, while still 
holding the warrant rank of Master, he obtained 
command of the iron steam vessel Nemesis 
of the Honourable East India Company, in which he 
made a great reputation during the China War, 
becoming known as ‘“‘ Nemesis” Hall. He was 
made a lieutenant in 1841 at the age of 44, a com- 
mander in 1843, and a captain in 1844. His appoint- 
ment to the Dragon dated from May 3, 1847. He 
was knighted in 1867, made an admiral in 1875, 
and died in 1878. 

Key was a much younger man than Hall, having 
been born in 1821. When a lieutenant of 22, serving 
in the Curagoa, 24 guns, at his own request he 
exchanged into the steam sloop Gorgon, writing 
home that he regarded the change as almost a change 
of profession and-that, in the future, he intended to 
devote himself almost exclusively to steam naviga- 
tion. In his altered circumstances, he found a 
much greater interest in the Service and he became 
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one of the best read ‘‘ Steam Officers.” He was 
given command of the Bulldog on May 3, 1847, 
and, on paying her off, attended both the College 
and Woolwich Dockyard, thus laying the foundation 
of his close acquaintanceship with naval engineering 
and naval engineers. In the Russian war, he com- 
manded the screw ships Amphion and Sans Pareil, 
but his subsequent appointments were mainly 
administrative. They included the Superintendent- 
ship of Malta Dockyard, the command of the 
Excellent, the presidency of the Royal Naval 
College and, finally, the post of First Sea Lord. 
His biography, by Admiral P. H. Colomb, covers 
almost the whole period from the introduction of 
steam to the abolition of sails. 

Though no steam vessel was shown in the Navy 
List till 1828, the first built for the Navy was the 
Comet, launched at Deptford on May 23, 1822. 
Constructed of mahogany, she was of 238 tons 


(B.O.M.), and had a side-lever engine of 80 h.p., |. 


made by the historic firm of Boulton and Watt. 
She was soon followed by the slightly larger vessels 
Lightning, Meteor, African, Alban, Carron, Con- 
fiance and Echo, built either at Woolwich or 
Deptford; and it was in these and similar craft 
that many of the “‘ Steam Officers” gained their 
early experience. The complement of the Comet, 
in]1822, was master, mate, steward, master’s servant, 
an engineer and two stokers, who, no doubt, were 
as good with an oar as a shovel. One of the uses 
made of her was to train engineers for other vessels. 
From the status of a tug she was raised to that of a 
yacht for the Navy Board, and in 1849 was a sur- 
veying vessel, having on board two commanders, 
two masters, an assistant surgeon and a clerk. 
She ended her days at Portsmouth, again as a tug, 
and was broken up in 1868. 

The qachinery of the Comet and of her sister ships 
at one time or another had been in charge of some 
of the senior engineer officers, whose names are 
given for the first time in the Navy List of 1849, 
after their promotion to Inspector of Machinery and 
Chief Engineer under the Order in Council of 
February 27, 1847.* John Dinnen, the first 
Inspector of Machinery, in his early days had been 
first engineer of the Lightning and African; and 
Thomas Baker, the second Inspector of Machinery, 
had served in the Comet and Meteor. The careers 
of many of these and other engineer officers are as 
interesting as those of the ‘‘ steam officers,” and it 
is pleasant to recall that happy relations existed 
between the two groups. 

While the Engineering Branch of the Navy of 
to-day had its birth with the appearance of the little 
Comet, engineering in the Dockyards has a some- 
what longer history. Through the work of Sir 
Samuel Bentham, Simon Goodrich, Sir Marc 
Isambard Brunel and others, by 1822 steam engines 
were in use in the yards for pumping, for driving 
woodworking machinery, and for the plant used 
in the re-manufacture of copper sheathing for ships. 
For the upkeep of the wood and metal mills, there 
were millwrights, smiths, boilermakers, copper- 
smiths and founders, and it was these men who 
carried out the repairs to the early steam vessels. 
It was only a step farther to the erection of “‘ steam 
factories” at Woolwich and other ports and, by 
1849, there were staffs at the Admiralty and the 
yards for carrying out experiments and tests, 
preparing specifications, and effecting all repairs to 
naval machinery. 

In 1837, the new post of Comptroller of the 
Steam Machinery and Packet Department had been 
established at Somerset House and, from 1846 to 
1850, this was held by Captain Alexander Ellice. 
Under him were Thomas Lloyd, Engineer-in-Chief 
in all but name, and Lloyd’s two assistants, Robert 
Hughes and James Wright. At Woolwich was 
Edward Humphrys, with two assistants; at 
Chatham, Alexander Laurie; at Portsmouth, 
Andrew Murray, with three assistants; at Devon- 
port, Charles Atherton; at Sheerness, George 
Blaxland; and at Malta, Thomas Hamshaw, who 
had already completed the first 12 years of the 
37 years that he was chief engineer in the Island’s 
Dockyard. Shops had been erected, machine tools 
installed, and foundries laid out, all of which were 
to prove of great value in the Russian War. Though 





* See ENGINEERING, vol. 163, page 233 (1947). 





Blaxland and Hamshaw had served afloat in H.M. 
steam vessels, they reverted to the civilian status 
of their colleagues, and it was only in the course of 
many years that naval engineer officers were given 
the staff appointments at the Admiralty and in 
the yards which they hold to-day. Among the 
engineers in the yards, none was more popular 
than Hamshaw, of whom Austin had written in 
1837 that ‘he was as competent an engineer as was 
to be met with afloat.” To Hamshaw went junior 
officers wishing to learn something about steam, 
among these being Lieutenant (afterwards Admiral 
Sir) W. R. Mends, who, from 1838 to 1843, was 
flag lieutenant to the Admiral Superintendent. 
Soon after Mends returned home, Hamshaw wrote 
to him, “I can only say a few words at this time. 
I have enclosed you a certificate for the whole time 
you were flag-lieutenant and have framed it in the 
way I thought would best answer your purpose 


It is probable that no subject was then exercising 
the minds of both “‘steam officers”? and naval 
engineers more than that of the most suitable 
steam pressure for use in warships. Though the 
flue boiler and the side-lever engine—excellent in 
their day—had given way to tubular boilers and 
various types of “‘ direct-acting ” engines, all ships, 
with the exception of the frigate Penelope, were 
fitted with jet condensers, thus making compulsory 
the use of salt water in boilers. Under these condi- 
tions, the steam pressure had to be low, according 
to modern ideas ; less, say, than 30 Ib. per square 
inch. In 1849, however, a pressure of even 15 lb. 
to 20 Ib. was considered high. Seeking to obtain 
the views of the leading marine-engine constructors, 
the Admiralty addressed a questionnaire to them. 
This, in turn, led to the presentation on January 19, 
1849, of a paper by John Seaward, of the Canal 


Engineers ; it was entitled ‘‘On the Employment 
of High-Pressure Steam Working Expansively in 
Marine Engines.” Seaward was one of the most 
progressive engineers, an advocate of tubular 
boilers, and the inventor of the ‘‘ Gorgon ” engine, 
the first direct-acting engine used in the Navy and 
fitted in the Gorgon and Cyclops. Without repeating 
the questions Seaward had been asked and had 
answered, the view that he held (and in which 
others generally concurred) was that the steam 
pressure employed in the Navy should not be 
greater than 10 Ib. per square inch, or, in extreme 
cases, 12 lb.; and that ‘‘any material increase in 
the latter pressure will be attended with consider- 
able risk without any adequate advantage.” 

Some years earlier, the pioneering Commander 
Otway had fitted boilers working at 15 Ib. per 
square inch in the Echo, and that pressure was 
used in the tubular boilers of the largest British 
steam frigate, the Terrible, of 3,189 tons displace- 
ment and 2,059 indicated horse-power ; but caution 
was the keynote and it was only in the ’fifties that 
steam pressures of about 20 Ib. per square inch were 
introduced. With steam at this pressure, used in 
simple-expansion slow-moving engines having cylin- 
ders 6 ft. to 8 ft. in diameter, with a stroke of about 
6 ft., with boilers, steam pipes and cylinders insuffi- 
ciently lagged, and with much blowing-down of 
boilers, the coal consumption was bound to be 
excessive, but there was little help for it. Exact 
figures of consumption, when indicators were rare 
and the old term “nominal horse-power” was in 
use, are difficult to obtain ; but it is stated that the 
consumption in the Inflexible during her long 
commission worked out at 5-85 lb. per indicated 
horse-power per hour, while Captain Ryder said 
that, during an experimental cruise of the screw 
ships, Hogue, Arrogant, Conflict and Encounter, 
the expenditure was, respectively, 74, 9, 9} and 
10} lb. per indicated horse-power hour. With these 
expenditures ‘‘coal boxes” would soon be empty 
and it is not surprising therefore, that the Admiralty 
im upon commanding officers “‘ the necessity 
that exists of working their ships without the aid 
of steam, when the duty required can and might be 
performed under sail alone—not only on the score 
of economy, but for the important purpose of 
ensuring the efficiency of screw ships as sailing 
ships.” Thus, though by 1849 the use of steam 
power was rapidly extending, efficiency under sail 
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was quite as urgent as efficiency under steam ; 
the Navy had to wait another 20 years before a 
ship without sails was added to the Navy List. 
“Slowly and steadily,” wrote Sir John Briggs, 
“were the great changes made which have entirely 
altered not only the nature of the fleet but the 
character of the naval profession. Beautiful and 
imposing as was the three-decker, with her stately 
masts and yards, three tiers of cannon and manned 
by a thousand gallant sailors, she was, nevertheless, 
compelled to give place to a terrific and unsightly 
monster cased in iron and propelled by a moving 
force which forces her through the water at the 
furious rate of some twenty knots...... , and dis- 
charges from a single gun a weight of metal equal 
to that of a whole broadside of the Victory at the 
Battle of Trafalgar.” 

To the revolution thus described constructors, 
engineers, seamen, and inventors contributed; as 
did also those ‘‘ steam officers” who, when the 
terms ‘“‘steamer’’ midshipman and “steamer” 
lieutenant were used disparagingly, boldly taking 
the advice of Captain Basil Hall, were not above 
seeking the help of the thorough-going workmen 
in Napier’s, Seaward’s, or in Woolwich Dockyard, 
and, if necessary, of crawling through boilers. The 
part they played in an interesting period of the 
history of the Navy has often been overlooked. 

In conclusion, it may not be out of place to give 
a chronological list of the books written by some of 
the ‘“‘ steam officers,” in which has been preserved 
much that would have otherwise been lost. That 
these authors were pioneers, goes without saying, but 
some of their remarks might have been written 
to-day. First came A Treatise on Navigation by 
Steam, by Captain Sir John Ross, published 
in 1828. This was followed in 1834 by the first 


Baltic Fleet, 1854. 





N.H.p,| Comple- 


Guns. ment. 





Tons | 











Screw Ships of the Line. 
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lington | | Napier. 
Princess Royal! 91 | 3,129 400 | 850 | Capt. ‘enne Cc 
| aget. 
Royal George 120 | 2,616 400 | 990 Capt. H. J. Cod 
| n. 
St. Jeand’Acre| 101 |3,400/ 600 | 900 | Capt. Hon. H 
| Keppel. 
Screw Steam Ships. 
Ajax .. 60 1,761) 450 | 500 Capt. F. War 
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Blenheim 60 | 1,747 450 600 Capt. Hon. F. T 
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Edinburgh ..| 60 | 1,772 450 660 — H.D 
| | 8. 
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Screw Frigates. 
Amphion ..| 34 [1,471 | 360 | 320 | Capt. A.C. Key. 
Arrogant | 46 | 1,872) 360 | 450 | Cu. H. R. Yel- 
| verton, 
Imperieuse ..| 51 |2,347| 360 | 530 | Capt. B. B. 
| } } atson. 
Tribune 31 [1,570 | 3860 | 800 | Capt. Hon. 8. T. 
| } | | Carnegie. 
Paddle-Wheel Frigates. 
Dragon 6 11,270) 560 220 | Capt. J. Will- 
} } cox. 
Leopard 18 /|1,412| 560 280 | Rear-Adm. J. H, 
| Plumridge. 
Valorous 16 


| i 
11,255 | 400 | 220 | Capt. c. H. M. 
| | | | uckle. 





edition of Commander Robert Otway’s An EHlemen- 
tary Treatise on Steam; in 1838, by Lieutenant 
Thomas Baldock’s Memoir on His Majesty’s Steam 
Ship The Medea, and in 1839, by Commander Robert 
Spencer Robinson’s, The Nautical Steam Engine 
Explained. In 1843, Captain W. J. Williams 
published A Steam Manual for the British Navy, 
and, in 1845, Lieutenant W. E. A. Gordon produced 
The Economy of the Marine Steam Engine with 
Suggestions for its Improvement. The titles of the 
books by Captains Halsted and Ryder have been 
given already. The only similar publications by 
naval engineers were Dinnen’s essay of 1838. 
** On Marine Boilers,” printed in Tredgold’s book on 
the steam engine; and Main and Brown’s books. 
Though he wrote no treatise, the letters and articles 
of Admiral Sir Charles Napier should not be over- 
looked. Imaginative, daring and forceful, and a 
popular hero to his men, Napier was made a post- 
captain in 1809, being then but 23 years of age. 
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sity and, in 1822, navigated the iron paddle-wheel 
vessel Aaron Manby from the Thames to the Seine. 
Of steamers, he once wrote, ‘“‘ I fancy no officer in 
the Service has paid so much attention to the subject 
as myself.” On another occasion, he declared 
‘It does appear to me, that neither the Engineers 
who make the Engines, nor the Builders wno con- 
struct the vessels, have the least idea of what is 
necessary to constitute a steam man-of-war.” His 
own child was the Sidon built to his plans at Deptford. 
During 1847-48, Napier was Commander-in-Chief of 
the Channel Squadron, consisting of five sailing ships 
and five steam vessels. Seven years later, on 
March 13, 1854, he set sail for the Baltic with a 
fleet of 15 steam vessels. ‘‘ Never before,” said 
Laird Clowes, ‘‘ had a large force, comprised exclu- 
sively of steam vessels, quitted England on a hostile 
mission.” The composition of the squadron is given 
in the table on the opposite page. 





NOTES FROM SOUTH AMERICA. 


Ir is gratifying that, even after allowing for the 
higher level of world prices, the total value of British 
exports to the South and Central American Republics 
in 1948—rather more than 121,000,000/.—was 230 per 
cent. higher than in 1938 and 48 per cent. above the 
total for 1947. This expansion in British exports to 
Latin America last year was mainly in respect of 
capital goods, and was especially noteworthy in the 
cases of Argentina and Brazil, where it was assisted 
by the short-term trade agreements between these 
countries and Britain, now due to be replaced by fresh 
agreements. Argentine import trade generally, how- 
ever, is at present temporarily at a standstill, while 
exports are also falling steeply. Although Argentina 
is now more willing to accept world prices for grain, etc., 
there are still no foreign buyers, and the former disas- 
trous bay! of demanding excessively high prices has 
not only left that country with enormous accumulated 
stocks, but has fostered dangerous foreign competition 
in grain, linseed oil, etc. Argentina’s two most impera- 
tive needs to-day are to check inflation and to stimulate 
exports. The shortage of dollars and of many other 
foreign currencies is ing increasingly acute ; but 
hopes are rising of an early conclusion of a satisfactory 
new Anglo-Argentine trade treaty, which would lead 
to an immediate revival in mutual commerce. 

It is probable that such a treaty would be of a 
long-term nature—say, five years—and, in exchange 
for Argentine meat, etc., would mean the acquisition 
by Argentina of much capital equipment from Britain 
(formerly obtained largely from the United States) for 
the Five-Year Plan. Meanwhile, this Plan is falling 
largely in abeyance because of the shortage of dollars. 
It is known that several hundred million dollars’ worth 
of goods from the United States for the Plan have not 
yet been paid for, including large quantities of elec- 
trical equipment. Thus Argentina’s immediate pros- 
pects are obscure, but the country has always shown 
remarkable powers of recovery, and once again will be 
a land of great opportunity, particularly if economic 
realities are at last being faced. While public works 
which were begun by the end of 1948 will be proceeded 
with, the starting of other projects will d d on their 
place in a new list of precedence according to public 
interest. Nevertheless, tenders continue to be called 
for important hydro-electric and other works, while 
ships built abroad for the Argentine merchant fleet 
are being steadily completed. 

Work is pi ing also on the 1,700-km. pipe-line 
for distributing natural gas from the Comodoro Riva- 
davia oilfields to Buenos Aires, and on the new airport 
at Ezeiza, outside Buenos Aires. The problem of fuel 
supplies continues to receive attention. Large con- 
tingents of Italian immigrant miners are being sent to 
the Rio Turbio mines to assist in the development of 
the new coalfield. Ojil-drilling is proceeding in many 
fresh districts, and oil pipe-lines are being extended. 
The foundation-stone of the new petroleum refinery for 
the Argentine State Oilfields at Matanza, near Buenos 
Aires, has been laid; this refinery is planned to become 
the largest and most modern in South America. The 
construction contract has been granted to a United 
States firm, the Kellogg Pan-American Corporation, 
and expenditure is placed at about 250 million pesos. 
The output is expected to reach 4,500 cub. m. of crude 
petroleum daily, and production is expected to begin 
in 1950. 


The Argentine Ambassador in Washington recently 
announced that the Commerce Department of the 
United States Government had approved plans for the 
export of materials and equipment for the new steel 

in Argentina. The preliminary power plant for 
the mill was shipped to Buemos Aires late last year. 
This important factory is being built st San Nicolés, 
in the province of Buenos Aires, under the National 
Five-Year Plan, and will be operated by the Sociedad 





Mixta Siderirgica Argentina. The capital of this 
jaro ag is being subscribed partly by the State and 
partly by private Argentine investors, but it is under- 
stood that control of the mill will be largely in the 
hands of the Direccién General de Fabricaciones Mili- 
tares; in fact, the appointments as President 
and Vice-President of the company of two high- 
ranking Argentine Army officers were approved 
by the Senate on September 30 last. Plans for the 
project were drawn up by the Armco International 
Company, of Middletown, Ohio, and include blast 
furnaces, open-hearth furnaces and rolling mills. A 
representative of the Argentine company is at present 
in the United States arranging for the purchase of 
materials which, being listed as “ critical,” required 
the sanction of the United States Government before 
they could be sold abroad. 

Due to the import and export licence system adopted 
in May, 1948, and which is likely to be extended 
indefinitely, Brazil’s trade balance was converted in 
1948 into a favourable figure, compared with a large 
adverse balance in 1947. As Brazil is still very short 
of dollars, this promises a satisfactory conclusion of a 
new Anglo-Brazilian trade agreement at an early 
date, which is expected to result in increased Brazilian 
imports from Britain of capital goods, coal, etc. 

Brazil continues to concentrate on expanding 
electric power and transport facilities, uitindionier by 
widespread hydro-electrification schemes, electrifica- 
tion of existing railways, and improvement to port 
facilities. The Salte Plan for economic development, 
at a cost of some 250,000,000/. sterling over a period 
of five years, has been passed by the Brazilian Chamber 
of Deputies and has gone forward to the Senate. The 
contract for the construction of the Praca Maua pier, 
awarded to Messrs. Christiani and Nielsen by the 
Rio de Janeiro Port Administration, has been approved 
by the Minister of Transport. Definite steps are being 
taken to relieve traffic congestion in Rio de Janeiro, 
mainly by the levelling of a hill in the centre of the 
city known as the Morro de Santo Antonio. The 
scheme will be financed by a municipal loan from the 
Bank of Brazil, and tenders for excavation, road con- 
struction and various other works are expected to be 
called for by June 10. 

The International Bank has granted the Brazilian 
Traction, Light and Power Company a 25-year loan 
of 75 million U.S. dollars to purchase equipment to 
carry out their development programme. It is under- 
stood that this equipment will be purchased in the 
United States, the United Kingdom, Canada and on 
the European Continent, and that the programme 
envisages an increase of over 50 per cent. in the 
generating capacity of the power plants in the vicinity 
of Rio de Janeiro and Sao Paulo, together with a 
40-per cent. increase in telephone facilities. Following 
approval of the Bill to purchase abroad oil refineries, 
tankers and locomotives, the President of Brazil has 
sanctioned the expenditure of about 15,000,000/. on 
the purchase of 90 locomotives, the designs and ma- 
terials for a refinery with a capacity of 45,000 barrels 
a day, the enlargement of the refinery already 
ordered for Bahia, and oil-tankers aggregating 180,000 
tons. Already, negotiations are proceeding for the 

urchase of 20 tankers, including ten 16,500-ton vessels 
or supplying the projected Brazilian refineries with 
crude oil and ten smaller vessels, of between 1,200 tons 
and 1,700 tons each, for coastal oil transport. The 
Cia. Vale do Rio Déce, which operates the famous 
Itabira iron-ore deposits, have gradually advanced to 
a dominant position as producers of Brazilian iron-ore 
for export. This concern has been receiving progres- 
sively higher prices, but the demand remains in excess 
of any immediately possible supply. 

The sound exchange and fiscal policy being 
pursued in Chile, combined with more stable labour 
conditions, has rendered the outlook much brighter. 
The country’s economy is based principally upon 
mining, which shows a notable expansion in output 
and steady sales abroad at good prices. Confidence in 
Chile’s position is reflected in the large North American 
loans which are being granted for development pur- 
poses. With regard to the nitrate industry, work 
continues under favourable conditions, while greatly 
increased supplies, and a reduction in cost, are fore- 
shadowed by a new evaporation process. Copper is 
the chief export, and confidence in the future is im- 

by the willingness of the United States to 
continue the exemption of copper from import duties, 
as well as by the installation of the important new 
sulphide plant which is being built for the Chile Explora- 
tion Company (a subsidiary of the Anaconda concern) 
at Chuquicamata. The rise in the tonnage of coal 
mined had been of great benefit towards a reduction 
in the use of petroleum for fuel, thus saving foreign 
exchange. The record production of iron ore assumes 
special importance because of the potentialities of the 
new national steel plant at Huachipato, near Con- 
cepcién, to which a steady supply of ore for many 
years should be ensured by the contract with the 
Bethlehem Chile Iron Mines Company—a subsidiary 


of the Bethlehem Steel Corporation of Delaware—for 
the supply of ore from the existing mine at El Tofo, 
near Coquimbo, as well as from a new mine at El 
Romeral. It is hoped that production of ore at the 
latter mine will commence in three years’ time and 
will amount eventually to 1,000,000 tons per annum, 
of which the Chilean steel plant will absorb a minimum 
of 350,000 tons. The additional loan of 20 million 
U.S. dollars by the Export-Import Bank of Washington 
to the Cia. de Acero del Pacifico (which operates the 
Chilean national steel plant at Huachipato) has now 
been granted. Work in establishing the new plant is 
well up to schedule and production should commence 
by mid-1950. Government and provincial authorities 
are collaborating in alleviating the acute problem of 
adequate housing for the employees at the steel plant, 
and in the future control of the important subsidiary 
industrial development which is expected in the 
Concepcién district. 

The Corporacién de Fomento de la Produccién has 
granted a further load of 15 million pesos to the Cia. 
Electro-Siderurgica e Industrial de Valdivia—which 
operates an older steelworks situated at Corral—for 
the purpose of modernising its plant and thus reducing 
costs of production. Once the Huachipato steel plant 
and its subsidiaries are in operation, other factories 
will naturally be encouraged, and American interests 
are already studying the possibility of manufacturing 
farm machinery and spare parts in the Concepcién 
district. American machinery is ready for installation 
in a new plastics factory now being erected near 
Santiago for the production of leather substitutes, 
light construction materials and flooring, surgical 
ee and nylon fabrics. E hing indicates that 
Chile is on the verge of an era of great industrial and 
engineering development, thus realising the Govern- 
ment’s main ambition. In addition to the North 
American financial assistance already mentioned, a 
recent decree authorises the Chilean State Develop- 
ment Corporation to contract with the International 
Bank for Reconstruction for a loan of 13,500,000 U.S. 
dollars, to be utilised in acquiring machinery and 
replacements for the Empress Nacional de Electricidad. 
The important coal-mining firm of the Cia. Carbonifera 
e Industrial de Lota are negotiating for a loan of 
10,000,000 U.S. dollars from the Export-Import Bank 
of Washington, to be used over a period of six years 
for the purchase in the United States of modern coal- 
mining machinery, lifts, small electric locomotives, etc. 





MONEL METAL PICKLING CRATES. 


Tue crates or baskets which are used for holding 
metal components to be dipped in pickling baths 
must be capable not only of resisting the action of the 
pickling acid, but also of withstanding the rough 
usage to which they are exposed during loading and 
unloading. One of the materials used for making 
these brackets is Monel metal, and, according to 
data recently issued by Messrs. Henry Wiggin and 
Company, Limited, Wiggin-street, Birmingham, 16, 
manufacturers of this alloy, the usual “ life ” of a Monel- 
metal pickling crate, under the nermal conditions found 
in the average steel-pickling department, is seven years. 
Some, however, last for much longer, and the firm 
instance a number of lightly-constructed crates which 
were in continuous use for 14 years, from 1929 until 
1943, in the works of the Valor Company, Limited, 
Bromford, Birmingham. They consisted of an oblong 
framework of Monel angle members supporting a 
basket of 2-in. wire mesh, and were designed to hold 
about 1 cwt. of work to be pickled. Failure of the 
crates was brought about largely by corrosion fatigue 
accelerated by overloading with the heavier com- 
ponents made by the firm during the period of the war. 

New pickling crates, ordered from Messrs. John 
Thompson, Limited, Dudley, to replace the old ones, 
were also made of Monel, but are larger and much 
heavier material was eet in their construction. 
They again consist of a framework of angle members, 
but, instead of wire mesh, the sides and base are of 
plate perforated with 2-in. diameter holes. The base- 
plate is reinforced by angle members fillet-welded to 
the lower or under side of the plate. The pickling acid 
is able to drain away rapidly through the large holes 
and the crates are capable of holding 1,000 Ib. of work. 
The normal pickling bath used by the Valor Company 
is 6 per cent. sulphuric acid at a temperature of 160 deg. 
to 180 deg. F. Most of the work requires about 30 
minutes in the pickling tank, after which it is trans- 
ferred to a hot-water washing tank, dried, and finally 
dipped in a neutralising solution. The new crates have 
now been in use for several years, and, it is stated, 
show no sign of wear and are giving completely satis- 
factory service. There are six crates in the shop, all 
of which are in use for 16 hours a day. The work 
pickled includes components for oil stoves, pressure 
stoves, fire Sr lubricating-oil cabinets for 
petrol stations, oil-bottle carriers, and office furniture 





of various types. 
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TESTING STATION FOR TRANSMISSION-LINE TOWERS. 
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TESTING STATION FOR TRANS- 
MISSION-LINE TOWERS. 


On Tuesday, May 10, Sir Charles G. Darwin, K.B.E., 
F.R.S., Director of the National Physical Laboratory, 
formally opened a control house which has recently been 
added to the transmission-line tower-testing station 
of Messrs. Painter Brothers, Limited, Hereford. The 


1. 


ceremony was made the occasion for a demonstration cables from three anchor structures, partly visible in 
and inspection of the plant by a number of interested | Fig. 1. 


engineers and others. The station has been developed 
since 1928 for the structural testing of towers for 
electric power-transmission lines. A valuable feature 
of the plant is that the application of loads is arrested 
immediately the structure fails elastically. The per- 
manent distortion is quite small and is confined to 
those members which have failed first, thus the position 
and mode of failure can be examined and related to 
theoretical calculations. The deflection of the tower 
at the top is measured by means of telescopic sights, 
and the plant can equally well be used for testing 
towers up to stresses less than those necessary for 
failure to take place. At the opening ceremony, Sir 
Charles Darwin said he thought many structures were 
built with an unnecessarily high factor of safety, and 
the plant would help to avoid that. 

A general view of the station is given in Fig. l, 
and Fig. 2 shows a tower which has been tested to 
destruction: the bent bracing members will be no- 
ticed, and if a straight-edge be applied to them it will 
be apparent that the two near legs have buckled. 
In 1928, with the British electricity grid system in 
prospect, Messrs. Painter Brothers, Limited, who were 
engaged in the construction of steel towers for trans- 
mission lines, decided to construct a testing station 
which would permit tests to destruction and enable 
designers to extend their knowledge. It has proved to 
be very useful; the theory of the structures is now 
well understood, and it is possible to calculate the load 
at which a tower will fail within close limits. 





THREE ANCHOR STRUCTURES AND TRANSMISSION-LINE TOWER. 
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Fie. 2. TowEr 


The plant is designed to simulate normal or unfavour- | 
able conditions for the tower, by appropriate vertical | 
loads representing deadweights, and by horizontal 
loads representing wind effects and the resultant of 
the tension in two sets of conductors on opposite sides 
of the tower, but not in the same straight line. The 
tower to be tested is bolted to a bed, and horizontal 
loads on the cross-arms are applied by winch-operated 


The horizontal loads are indicated on dials 
in the control house by means of oil-filled dynamo- 
meters, one of which is shown in Fig. 4, on the opposite 

e. The control house is shown in Fig. 5, on page 
492, the view being through the anchor structure, 
which is partly shown on the left-hand side of Fig. 1. 
The interior of the control house is shown in Fig. 6, on 
page 492. 

The transmission-line tower bed is of reinforced con- 
crete, cruciform in shape, with a double row of closely- 
spaced holding-down bolts along each arm, as shown in 
Fig. 7, on page 492. Square towers of any base width 
can be accommodated on the bed by using heavy steel 
baseplates with slotted holes, and those with other than 
square bases can be accommodated by interposing a 
grillage of heavy joists. Of the three anchor structures 
one is sited opposite the tower to be tested, in line 
with the cross-arms, and is used for applying trans- 
verse loads, such as occur under normal conditions of 
service due to wind (especially when the conductors are 
increased in diameter by ice), and due to the resultant 
of out-of-line conductors. This main anchor structure 
is the strongest of the three and will sustain loads of 
10 tons on the peak and 20 tons on each of three cross- 
arms of a transmission-line tower 80 ft. high. The other 
two anchor structures are substantially on a line at 
right-angles to the cross-arms of the transmission-line 
tower, but are slightly staggered from the true position, 
so that the longitudinal load resulting from a broken 
conductor can be applied. It will be appreciated that 
so long as the conductors remain intact they apply 








AFTER “‘ BROKEN-ConpDucTor’””’ TEST TO FAILURE. 


practically no longitudinal load to the tower, but when 
one breaks, the force due to the corresponding con- 
ductor on the other side of the cross-arm becomes 
unbalanced and tends to twist the tower about a 
vertical axis. The plant is suitable for testing towers 
up to 100 ft. high, and the anchor structures can be 
extended if required. 

The vertical dead load due to the conductors, etc., 
is represented by weights placed on pans which are 
suspended from the cross-arms, as shown in Fig. 8, 
on page 492. The weights are in 2, 1, $ and } cwt. 
units, and are loaded while the pans rest on double- 
channel bearers, which are themselves supported at the 
ends on the concrete bed. The dead loads are then 
applied to the cross-arms by means of self-sustaining 
worm winches (to the left of Fig. 8), which raise the 
pans off the bearers. Due to the deflection of the 
bearer being released gradually as the pans are raised, 
the dead loads are applied gradually to the tower cross- 
arms and shock is avoided. The pan-lifting cables pass 
over pulleys which have the convenient effect of halving 
the weight required to provide a given dead load. A 
number of electric winches, situated at the base of each 
anchor structure, as shown in Fig. 5, page 492, are used 
for applying the horizontal loads, which are consider- 
ably heavier than the dead loads and may be as much 
as 30 tons on one cross-arm. A 210: 1 reduction gear, 
and the use of three-sheave blocks ensure that very 
small increments of load can be applied; this is 
especially useful when approaching the condition of 
failure of the tower. 

The applied vertical loads are, of course, known and 
constant. The horizontal loads are increased gradually 
by means of the electric winches, and the value of each 
is indicated in the control house by means of a simple 
oil-filled piston-and-cylinder dynamometer which is 
connected to the control house gauge. Fig. 4, opposite, 
shows a dynamometer, connected on the right to 
the winch, and on the left toa pulley which, by means 
of a short length of cable, divides the pull equally 
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between the two ends of the cross-arm. A flexible oil 
pipe is taken from the dynamometer to one of a series 
of pipes in a covered trench leading to the control 
house. The hanging cable shown on the left of Fig. 4 
is for applying the vertical dead load to the end of 
the cross-arm. 

The control-room window is semi-circular and com- 
mands an adequate view of the plant. On the inside 
of the window, there are ten sets of controls for the 
winches. Each incorporates a load gauge (calibrated 
in tons and cwt.), push-buttons for forward, reverse 
and stop, and two ~ lamps which indicate whether 
the load is being applied or removed. Three gauge dials 
indicate loads up to 30 tons, one up to 15 tons and the 
remainder up to 10 tons. An allowance for the effect 
of the head of oil in the pipe from the dynamometer is 
made, the reading on the dial gauge differing, to this 
extent, from the load actually applied to the cross-arm. 
Each dial has been calibrated to suit a particular 
dynamometer, but the control equipment has been 
designed so that the dial is always adjacent to the 
push-buttons controlling the corresponding winch. 
This is a considerable improvement on the old controls 
(which have been replaced by the new control house), 
as with these the dial indicating the load was seldom 
opposite the appropriate switch. With the new equip- 
ment, reversing direct-on starters, remotely controlled 
by push-buttons, have been used for the winch motors. 
The low-tension push-button circuits are taken to a 
panel carrying a series of plug sockets, which, in turn, 
are connected to the starters through plugs and wander- 
ing leads. Thus, it is possible to connect any winch to 
any push-button point on the panel. The starters are 
housed in a small switch room on the ground floor of the 
building, where the oa, plug connections are 
made. Here, also, all pipes for the oil circuits pass 
through a manifold which is connected to a pump for 
priming. The control room, on the first floor, opens on 
to a small balcony, as shown in Fig. 5. Although this 
illustration does not show them, a set of duplicate load 
dials have been mounted on the set-back wall below the 
balcony, so that spectators can observe a test. A 
microphone and loud-speaker have been installed to 
facilitate the progress of test work. 

Fig. 1 shows a tower prepared for a transverse- 
loading test. The four deelammnings are hanging 
slack on the cables, which are connected to both 
ends of each cross-arm and the peak of the tower, 
and other dynamometers are connected in the direction 
of the transmission line in preparation for a subsequent 
broken-conductor test. Fig. 2 shows a tower which has 
been subjected to a torsional test corresponding to 
broken-conductor conditions, causing failure of a num- 
ber of bracing members in one side of the tower. The 
resultant distortion in the main legs can also be seen 
with the aid of a straigh lo 
On the occasion of the formal opening of the new con- 


























Fic. 4. DyNAMOMETER AND TACKLE FOR TRANSVERSE PULL. 


trol house, a broken-conductor test and a transverse- 
loading test to destruction were carried out on a D3-type 
tower weighing 2-1 tons. The design was prepared 
by Messrs. Milliken Brothers, Limited, and Blaw-Knox, 
Limited, both of Clifton House, Euston-road, London, 
N.W.1, for a British Electricity Authority (South-West 
England), 66-kV secondary line between Nursling and 
Lepe, Hampshire. The tower was fabricated by 
Messrs. Painter Brothers, Limited, and was galvanised. 
In considering the loads and deflections which are 
given here, it must be borne in mind that the deflection 
of the tower as a whole consists of the natural elastic 
deformation of the members and “slipping” of the 
bolted connections ; the former is predictable, but the 
latter is largely fortuitous. The clearance allowed in 
bolt holes is usually 4 in. on the diameter. Two 
scales with }-in. divisions are fixed to the top of the 
tower in transverse and longitudinal directions, and 
the deflection in each direction is observed through 
two telescopes with vertical graticules, situated on the 
ground some distance away. The tower is shown 
diagrammatically in Fig. 3, on this The wind 
and tension loads in pounds for the broken-conductor 
test are indicated at A on both sides of and below the 
diagram, and those for the transverse-loading test are 
indicated at B on the right of and below the diagram. 
These loads are the designed loads, based on a normal 
conductor span of 800 ft. The loads indicated in the 
control house and applied on the deadweight pans 
differ from the designed loads according to the head 
of oil and weight of tackle operating in each case, and 
allowance is made for these in carrying out the test, 
but it is unnecessary to quote them here. 

During the first test, loads were applied to the tower 
to simulate its condition when one conductor is broken 
in one span and the others are loaded with ice and by 
wind. A factor of safety of 1-5 is permitted under 
such conditions, and the applied loads shown in Fig. 3 
naturally include this factor. Wind pressure was taken 
as 8 lb. per square foot acting transversely in the 
direction of the main (transverse-loading) anchor 
structure, and was calculated on the full projected area 
of the iced conductors and 1-5 times the area of the 
members on one face of the tower, the latter value 
being added to the conductor loadings. The horizontal 
component of the tension in a conductor, where the 
directions of the conductor on each side of a cross-arm 
differ by 3 deg., was added to the wind loads at the 
cross-arm ends. In this test, the centre conductor on 
the left-hand side of the tower (Fig. 3) was assumed to 
have been broken on one side of the cross-arm, thus 

roducing an unbalanced load in the direction of the 
farthest anchor structure shown in Fig. 1 (i.e., in 
Fig. 3, coming away from, and normal to, the paper). 
This load was applied by means of a winch situated at 
the base of the farthest anchor structure, the cable 
passing over a pulley at the same height above the 
ground as the cross-arm. The dead loads, equivalent 
to the weight of the conductors and ice, were applied 
by means of weights on the pans. 

The test was carried out in three stages. Firstly, the 
dead loads were applied. Secondly, the transverse loads 
were applied gradually by means of the electric winches. 
The deflection at the top of the tower was } in. at 
75 per cent. of the full transverse load, and 1} in. at 
100 per cent. load. Thirdly, the broken-conductor load 
(7,350.1b.) was added ; at 75 per cent., the longitudinal 





deflection was j in., and at 100 per cent. it was 1} in., 
at which stage the transverse deflection had increased 
to 1} in. 

The tower and tackle were then prepared for the 
second test, in which the tower was subjected to the full 
designed loading for maximum wind and ice conditions. 
The design figures shown at B, in Fig. 3 include a 
factor of safety of 2-5, and are based on a horizontal 
wind pressure of 8 lb. per square foot acting on a net 
area of 1-5 times that of the projected area of the 
tower members on one face. In the case of the con- 
ductor wind loading, the pressure was taken as acting 
on the total projected area of the conductor when 
coated with a #-in. radial thickness of ice. The tower 
wind load is usually added to the conductor wind loads 
in equal proportions, although the plant would permit 
it to be applied to any desired pend jelnt in the tower. 
The resultants of the conductor tensions when the 
conductors deviate by 3 deg. were also added. The 
dead loads due to the conductors and ice were applied 
by weights, as before, although on some larger towers 
they have been applied by winch and dynamometer. 
In this test, they were applied and then the transverse 
loads were built up; at 75 per cent. load the trans- 
verse deflection was 1} in., and at 100 per cent. load 
it was 3} in. The tower successfully withstood this 
full designed loading, after which the transverse loads 
were increased simultaneously by 10 per cent. steps, 
until failure occurred at slightly more than 150 per 
cent. of the designed transverse loads. As already 
explained, as soon as failure occurs, all loads are auto- 
matically relieved, so that the points of initial failure 
can be examined. When the failure occurred, the tower 
was seen to shudder rather violently, and subsequent 
examination showed that the near right-hand leg had 
(in plan) buckled diagonally outwards at the point a, 
shown in Fig. 3, and the far right-hand leg had buckled 
diagonally outwards at the point b. 





THE ENGINEERS’ GUILD.—At a meeting of professional 
engineers convened by the Engineers’ Guild, 28, Victoria- 
street, London, S.W.1, and held in Glasgow on May 6, it 
was unanimously agreed to establish a Scottish Branch of 
the Guild, with headquarters in Glasgow. A provisional 
committee was elected to deal with branch development. 





INSTITUTION OF HEATING AND VENTILATING EN- 
GINEERS.—The summer meeting of the Institution of 
Heating and Ventilating Engineers is to be held at 
Eastbourne from Monday to Wednesday, June 20 to 22. 
On the first day, a Council meeting will be held at the 
Grand Hotel at 4 p.m., and this will be followed, at 
8.30 p.m., by a civic reception at the Winter Gardens by 
the Mayor and Mayoress of Eastbourne. On Tuesday, 
June 21, at 10.30 a.m., there will be a general meeting of 
members at the Grand Hotel, when a paper, on “ Educa- 
tion in the Heating and Ventilating Industry, with 
Special Reference to the National College,” will be pre- 
sented by Dr. D. H. Ingall. In the evening, at 7 for 
7.30 p.m., a banquet will be held at the Grand Hotel. 
On Wednesday, June 22, there will be a morning motor- 
coach tour to Beachy Head, Alfriston and Pevensey 
Castle and, at 1 p.m., a farewell lunch will be held at the 
Grand Hotel. The offices of the Institution are at 75, 
Eaton-place, London, 8.W.1. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ GREBE.”—Single-screw trawler, built and 
engined by the Chantiers et Ateliers Augustin Normand, 
Le Havre, France, for the Pécheries Hauturiéres, Lorient, 
France. Main dimensions: 117 ft. 6 in. by 22 ft. 5 in. 
by 12 ft. 9 in.; displacement, 384 tons; fishroom 
capacity, 4,240 cub. ft. Augustin Normand-M.A.N. 
Diesel engine of 450 h.p., to give a speed of 11 knots. 
Launch, April 29. 


M.S. ‘“ VixpaL.”’—Single-screw cargo vessel, built 
by Messrs. Hall, Russell and Company, Limited, Aber- 
deen, for the Tanker Corporation, Panama City, Panama 
(Messrs. Johan Rasmussen & Co., Sandefjord, Norway). 
Main dimensions: 405 ft. 9 in. by 60 ft. by 37 ft. 6 in. 
to shelter deck ; deadweight capacity, about 8,000 tons 
on a draught of approximately 24 ft. Four-cylinder 
opposed-piston N.E.M.-Doxford oil engines to develop 
3,250 b.h.p., constructed by Messrs. Richardsons, West- 
garth and Company, Limited, Hartlepool, and installed 
by the shipbuilders. Trial trip, May 3. 


S.S. “‘ Mary.”—Single-screw cargo vessel, built and 
engined by Messrs. William Gray and Company, Limited, 
West Hartlepool, for Mr. N. G. Livanos, Piraeus, Greece. 
Main dimensions: 457 ft. 6 in. by 57 ft. 8} in. by 
38 ft. 3 in. to shelter deck ; deadweight capacity, 10,060 
tons on a draught of 26 ft. 33 in. Triple-expansion 
engines and three oil-fired boilers, giving a speed of 
113 knots in service. Trial trip, May 12. 


M.S. “ DarTmMoorR.”—Single-screw cargo vessel built 
and engined by Messrs. William Doxford and Sons, 
Limited, for the Moor Line, Limited, Newcastle-upon- 
Tyne. First vessel of an order for two. Main dimensions : 
444 ft. 9 in. by 56 ft. Gin. by 29 ft. ; deadweight capacity, 
about 9,140 tons on a draught of 25 ft. 103 in. Four- 
cylinder opposed-piston Doxford oil engine, to develop 
3,300 b.h.p. and give a service speed of 13 knots. Launch, 
May 12. 


S.SS. “ NETHE” and “ SENNE.”—Single-screw tugs 
built by Messrs. Cochrane and Sons, Limited, Selby, 
Yorkshire, for the Société Générale de Dragage, Antwerp. 
Main dimensions: 75 ft. (between perpendiculars) by 
19 ft. by 10 ft.; gross tonnage, 100 each. Both vessels 
fitted with triple-expansion engines of 300 i.h.p., to be 
constructed and installed by Messrs. Plenty and Son, 
Limited, Newbury, Berkshire. Launch (both vessels), 
May 14. 


S.S. “‘ PRINCE CHARLES.”—Single-screw trawler built 
by Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for the Boston Deep Sea Fishing and Ice 
Company, Limited, Fleetwood. Main dimensions: 
182 ft. by 30 ft. 6 in. by 16 ft.; fishroom capacity, 
16,000 cub. ft.; gross tonnage, 700. Triple-expansion 
engines and one multitubular oil-fired boiler, supplied 
and installed by Messrs. Charles D. Holmes and Company, 
Limited, Hull. Launch, May 14. 


S.S. “‘Gemma.”—Twin-screw oil tanker, built by 
Messrs. Joseph L. Thompson and Sons, Limited, Sunder- 
land, for the Anglo-Saxon Petroleum Company, Limited, 
London, E.C.3. Main dimensions: 382 ft. (between 
perpendiculars) by 62 ft. 6 in. by 18 ft. 9 in. to harbour 
deck ; oil-cargo capacity, 6,000 tons on a draught of 
16 ft.6in. Twin-screw triple-expansion engines, supplied 
by Messrs. Smith’s Dock Company, Limited, South 
Bank-on-Tees, Yorkshire, and two Babcock and Wilcox 
water-tube boilers. Launch, May 14. 





ELECTRICALLY-DRIVEN SUBMERSIBLE Pumps.—On 
Saturday, May 21, Messrs. Hayward-Tyler and Company, 
Limited, held an “‘ open house ” at their works at Luton, 
Bedfordshire, to enable relations of the employees and 
other visitors to inspect the various activities that are 
being carried on. Among the products of this factory 
mention may be made of the electro-submersible pattern 
pump, which has been designed for suspension in a 
borehole. A squirrel-cage motor of special design is 
used and is connected to the mains on the surface 
through a three-core cab-tyre sheathed cable. A good 
deal of interesting development work is also being 
carried on in the works. 





THE LATE Mr. L. R. FARRELL.—We regret to record 
the death of Mr. Lionel Randolph Farrell, which occurred 
at Bristol on Sunday, May 15, at the age of 49. Mr. 
Farrell acquired his technical training at the works of 
the Skinningrove Iron and Steel Company and of Messrs. 
Bolckow, Vaughan and Company. He also studied at 
University College, Southampton. He joined the British 
Thomson-Houston Company, Limited, Rugby, in 1927, 
as a tester and three years later transferred to the 
Industrial Sales Department. He was appointed to the 
Bristol District Sub-office of the company in 1933. 
During the 1939-45 war he was Honorary Area Electrical 
Assistant to the Directorate of Industrial Electrical 
Equipment. 
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Motion and Time Study. By PRoOFEssOR RALPH M. 
BarRNEs. Third edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 


U.S.A. [Price 5 dols.) Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
30s. net.) 


British Intelligence Objectives Sub-Committee Overall 
Reports. No. 20. Powder Metallurgy in Germany 
During the Period 1939 to 1945. By R. A. HETzIa. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
(Price 6d. net.] 

Ministry of Transport. Railway Accidents. Report on 
the Collision Which Occurred on the 30th November, 
1948, at Stockport in the London Midland Region of 
British Railways. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. 3d. net.] 

Agricultural Machinery Development Board. Second 
Report. Part II. Specification and Development of 
Machinery and Implemenis in British Agriculture. 
Ministry of Agriculture and Fisheries, 55, Whitehall, 
London, S.W.1. [Free. Circulation limited to manu- 
facturers of agricultural and dairy machinery, and 
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Report on the W ork of the Tin Research Institute, 1947-1948. 
Tin Research Institute, Fraser-road, Greenford, 
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Principles and Practice of Radar. By H. E. PENROSE. 
George Newnes, Limited, Tower House, Southampton- 
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Board, with the Report of the Director of Fire Research, 
for the Year 1947. H.M. Stationery Office, Kingsway, 
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Objectives Sub-Committee. Technical Report on the 
Ruhr Coalfield. By a Mission from the Mechanisation 
Advisory Committee of the Ministry of Fuel and 
Power. Volume III. Part 1. Report on Power 
Stowing in the Ruhr and Saar Districts of Germany 
and the Limburg District of Holland. (B.1.0.S. Final 
Report No. 1330.) H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 3s. 6d. net.} 

Department of Scientific and Industrial Research. Geo- 
logical Survey and Museum. A Prospector’s Handbook 
to Radioactive Mineral Deposits. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 6d. net.] 

Mémento d’Electrotechnique. By A. CuRCHOD. Second 
edition, revised, by L. VELLARD. Volume I. Elec- 
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Formules et Tables, Unités, Lois fondamentales, Mesures, 
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1948. Thos. Cooke, Honorary Secretary, Leeds Asso- 
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fiir Baukonstruktionen. Edited by FRANZ BOERNER. 
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AMERICAN GIFT TO ROYAL GREENWICH OBSERVATORY. 
—tThe time, cost and technological effort required for the 
construction of the Isaac Newton Telescope for the 
Royal Greenwich Observatory, at Herstmonceux, in 
Sussex, have all been materially reduced by a most 
generous gift recently announced by the Admiralty. 
The gift consists of a Pyrex glass disc, 98 in. in diameter, 
a 264-in. blank for the secondary mirror, and the plug 
trepanned from the centre of the large disc. The disc 
was originally purchased by the Board of Trustees of 
the McGregor Fund of the University of Michigan, 
Ann Arbor, Michigan, U.S.A., of which Board Judge 
Henry 8S. Hulbert is President, and was intended to be 
used for a telescope for the University. The plan to 
construct the telescope, however, was not proceeded with ; 
and by presenting this costly equipment to the Royal 
Greenwich Observatory, the authorities of the University 
of Michigan have earned a debt of gratitude from British 
astronomers which, we understand, the Lords Commis- 
sieners have already expressed to the President of the 
Board of Trustees. Arrangements have been made for 





the equipment to be shipped to the United Kingdom. 





PERSONAL. 
Lorp BRABAZON OF TARA, M.C., F.R.Ae.S., SiR 
FREDERICK HANDLEY PaGE, C.B.E., F.R.Ae.S., and 


M. Louis BREGUET have been elected honorary Fellows 
of the Royal Aeronautical Society, 4, Hamilton-place, 
London, W.1. 


BRIGADIER-GENERAL SIR H. OSBORNE MANCE, K.B.E., 
C.B., C.M.G., D.S.O., has been elected President of the 
Institute of Transport, 80, Portland-place, London, W.1, 
for 1949-50, and he will assume office on October 1 on 
the retirement of Mr. Davip R. LAMB. 


Mr. V. W. Bone has decided to relinquish the positions 
of chairman and managing director of Messrs. Ruston and 
Hornsby, Limited, Lincoln, and to retire from the board 
as from May 31. Mr. J. H.W. Paw Lyn, deputy chairman 
of the company, who has been a director for 30 years, 
succeeds Mr. Bone as chairman. Mr. Pawlyn is also chair- 
man of Messrs. Ransomes, Sims and Jefferies, Limited,and 
a director of Messrs. Ruston-Bucyrus Limited. Lrt.-CoL. 
H. RIGGALL, J.P., hitherto assistant managing director, 
has been made managing director in succession to Mr. 
Bone as from June 1. 

Mr. F. H. Morey, M.I.N.A., Principal Surveyor for 
Tonnage at the Ministry of Transport, has been appointed 
Principal Technical Officer in the Sea Transport Division 
of the Ministry, in succession to Mr. L. LETHBRIDGE, 
M.I.N.A., who has retired. Mr. R. J. SHEPHERD, 
M.I.N.A., has been appointed Principal Surveyor for 
Tonnage, in succession to Mr. Morley. 

Mr. W. GourLey, district engineer of the former 
London Midland and Scottish South-Eastern District 
(Scotland), Edinburgh, and latterly of the Edinburgh 
District, Scottish Region, British Railways, has recently 
retired from the railway service, which he entered as an 
apprentice in the Chief Engineer’s office of the Caledonian 
Railway, Glasgow, in 1901. 

Mr. G. H. NELSON, hitherto locomotive superintendent, 
British Railways, London Midland Region, Carlisle, has 
been appointed district motive-power superintendent, 
Glasgow (North). 

Mr. C. Eric STEWART, M.I.E.E., has been appointed 
general manager in India, Burma and Ceylon for Messrs. 
Johnson and Phillips, Limited, Chariton, London, 8.E.7. 
His headquarters are at the company’s head office in 
India, ‘“ Kaiser-i-H'nd” Building, Currimbhoy-road, 
Ballard Estate, Bombay. 

Mr. A. V. WRIGHT, A.M.I.Mech.E., M.I.E.S., has been 
appointed representative, in Scotland, for the Technical 
and Scientific Register Branch of the Appointments 
Department, Ministry of Labour and National Service. 
His headquarters will be at 450, Sauchiehall-street, 
Glasgow. 

Mr. M. R. Pease is to relinquish his present position 
as general sales manager, Park Royal Vehicles, Limited, 
at the end of July, and, on August 1, will join Sentinel 
(Shrewsbury) Limited, Shrewsbury, as director of sales. 
Mr. Pease’s appointment, following on that of Mr. J. 
Morris, of Messrs. Rolls-Royce Limited, as technical 
director (announced on page 58, ante), coincides with the 
entry of Messrs. Sentinel into the passenger-vehicle 
industry. 

Mr. A. GILLIARD has left the British Oxygen Company, 
Limited, and taken up an appointment with Messrs. 
Suffolk Iron Foundry (1920) Limited, Sifbronze Works, 
Stowmarket, whom he will represent in Cornwall, Devon, 
Somerset and Wiltshire. 

Mr. J. WAKEFIELD, who was manager of the Walsall 
branch of European Office Equipments Limited, Leices- 
ter-street, Walsall, until July, 1948, and who left the 
company’s service on January 5, 1949, has been succeeded 
by Mr. R. F. ADKINS. 

As from June 1, the head office and works of BounD 
Brook BEearRines (G.B.), Lumtrep, will be transferred 
from Birch-road, Witton, Birmingham, to new and more 
commodious premises at Trent Valley Trading Estate, 
Trent Valley-road, Lichfield, Staffordshire. (Telephone : 
Lichfield 2027/28.) 

THE NON-FERROUS DIE CASTING COMPANY, LIMITED, 
Nonferdica Works, North Circular-road, Cricklewood, 
London, N.W.2, in conjunction with the BARNES MANU- 
FACTURING COMPANY, Mansfield, Ohio, U.S.A., have 
formed a new company, the Non-Ferrovus Perma MOLD 
INCORPORATED, at Mansfield, for the production of brass 
gravity die castings in the United States. ‘ 

The name of MESSRS. CARTER MARTINEAU LIMITED, 
engineering agents, has been changed to CARTER INDUS- 
TRIALS, LIMITED. The firm’s address is, Buckingham 
House, 19, Palace-street, London, 8.W.1. 

As from June 3 the address of the development offices 
of ALAR LIMITED, a technical association of light-alloy 
refiners (comprising B.K.L. Alloys Limited; Enfield 
Rolling Mills (Aluminium) Limited ; The Eyre Smelting 
Company, Limited ; International Alloys Limited; T. J. 
Priestman Limited; and the Wolverhampton Metal 
Company, Limited) will be 3, Albemarle-street, London, 





W.1. (Telephone: MAYfair 2901.) 
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NOTES FROM THE NORTH. 
GLaseow, Wednesday. 

Scottish Steel.—Scottish steelmakers and _ re-rollers 
report no diminution in their substantial order books, 
either on home or export account. On the export side, 
inquiries are still very numerous, and makers and re- 
rollers alike have no difficulty in disposing of the export 
quotas allocated to them. Australia appears to be a 
developing market and is always ready to acquire supplies 
of British steel generally, Scotland feeling the benefit of 
the general movement. It appears that Australia’s 
industrial needs for steel are increasing but production 
is not, and she is forced to take steel from this 
country despite the fact that it is considerably dearer. 
Recent efforts to sell more steel to Canada have met with 
some success. In the home market, the big consumers 
are so heavily booked that there is sufficient work in the 
industry for many months to come. Shipbuilders, 
however, cause serious uneasiness ; they are not booking 
new orders on a scale large enough for comfort. This is 
due to the price fluctuation clauses and to the recent 
advance in steel prices. 


Scottish Coal.—Some 4,000 tons of coal production 
have been lost this week through smal] unofficial stop- 
pages, and week-end absenteeism continues on disturbing 
levels. Last Saturday, it varied from 8 per cent. in the 
Clyde Valley to 30 per cent. in the Stirling sub-area. 
The loss of production due to these causes is well illus- 
trated in the provisional output figure for last week of 
464,621 tons, which is about 35,000 tons below target. 
In the 18 weeks ended May 7, the provisional figure was 
8,286,357 tons, against a target of 9,000,000 tons. This 
low rate must be considered with the fact of daily in- 
creasing mechanisation, the abandonment of low-output 
working places in favour of higher, and the fact that the 
18-week figure is about static in spite of these improved 
opportunities must be taken as a sad commentary on the 
efforts of the miners. Following the closure of Fortissat 
and Hillhouserigg collieries as uneconomic, comes the 
news that Thankerton, at Holytown, is to be closed 
next. Some 680 men are involved, with an output of 
about 15 cwt. per manshift against a Scottish average of 
nearly double that figure. 





NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

The Welsh Coal Trade.—The 400 miners employed at 
the Gellyceidrim Colliery in the anthracite area of the 
South Wales coalfield, which was recently closed by the 
Divisional Coal Board, have asked their union to make 
new representations with a view to getting the pit 
re-opened. It was closed because it was alleged that the 
men were adopting a go-slow policy, and output had 
dropped to a fantastically low level. In 1948, there 
was a loss on the year’s working of 108,3141. The men 
have backed their request for re-opening by giving 
what wefe described as distinct guarantees, but the 
nature of these has not been disclosed. A cargo of 
11,700 tons of Welsh coal, including a small quantity 
of cokes, has been loaded during the past week into S.S. 
Artillero, a converted aircraft carrier, for delivery in 
South America. This was one of the largest single 
cargoes of coal to be shipped from South Wales since the 
war. Another interesting shipment was one of 4,000 
tons destined for the North African port of Mostaganem. 
This was the first delivery to this port since the end of 
hostilities. Before 1939 there was a regular trade. The 
foreign trade has been restricted throughout the week. 
The over-riding requirements of the home section have 
provided a ready outlet for almost the whole of the 
current outputs, and, with no indication of any reduction 
in the needs of the principal consumers, little improve- 
ment in the volume of exports can be expected during 
the next few months. As a rule, order books are very 
well filled for some time to come. Shipments proceeded 
steadily under existing schedules, the chief activity being 
centred in the French, Italian, Portuguese and South 
American trades. Only a limited trade was possible 
with Eire and the near Continental countries, while trade 
with Spain was slow. There was a sustained demand for 
patent fuel and cokes were well sold ahead and firm. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that the demand for tin-plates is strong and that home 
consumers have been able to place more orders for 
Period Two. Last week, the export market was more 
active and the sales a little heavier. Steel sheets and 
iron and steel scrap continue to be in very strong demand. 





INSTITUTE OF INDUSTRIAL SUPERVISORS.—A Dudley 
and District Section of the Institute of Industrial Super- 
visors, Bank Chambers, 47, Temple-row, Birmingham, 2, 
has been formed to cover the districts of Dudley, Tipton, 
Blackheath and Brierley Hill. Sections of the Institute, 
which aims at fostering foremanship as a profession, are 
in operation at Birmingham, Smethwick and Wednes- 
bury and Darlaston. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Production programmes are being 
carried out satisfactorily. The open-hearth melting 
plants have been able to increase output, and the electric 
melting furnaces are working very satisfactorily. A 
great number of orders are still on the books in virtually 
all sections. Reorganised steel foundries are operating 
well and dealing with both home and export orders. 
Tin and gold mines abroad are regularly taking delivery 
of dredger buckets and spares, and there is aJso a recur- 
rence of orders for crushing machinery and spares for 
mines abroad, in spite of competition from America and 
Australia. Numerous orders are being received from the 
National Coal Board for mining equipment to permit 
further modernisation of mines. Manganese-steel wheels 
and axles for underground transport constitute a valuable 
section of the Board’s orders. Railway material is in 
strong request, and to cope with the orders former 
armament departments are being utilised. Railway- 
wagon builders and repairers report a continuous flow 
of orders. In high-grade steels particularly, bigger 
production is necessary if arrears are to be overtaken, 
but lack of additional machine tools retards expansion. 
Progress is being made with extension schemes, including 
additional rolling facilities for stainless-stee) sheet and 
strip. 


South Yorkshire Coal Trade.—It is understood that 
the adjustments of coal price schedules to come into 
operation after May 30, will disclose an advance of about 
6d. per ton in house coal and a reduction of about 34d. 
per ton in coal supplied to electric power stations ; other 
price variations are expected. A South Yorkshire 
colliery has advised merchants in Sheffield and Rother- 
ham that from Monday, May 30, only one kind of coal 
at one price will be supplied to house-coal merchants 
hitherto supplied by that colliery in the form of graded 
house coal. The price mentioned is higher than that of 
any of the three grades being supplied. The standardised 
coal will be screened at 24 in. and merchants state this 
means that grades of coal supplied for very many years 
will disappear. The general market is active with sup- 
plies rather short owing to reserves having been depleted 
to meet Lancashire’s requirements. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Producers of iron and steel in the 
Tees-side area are maintaining the aggregate tonnage 
output at a high level, but customers would welcome 
still larger deliveries than they are receiving. Conditions, 
however, promise to permit a more liberal tonnage distri- 
bution in the near future. Better supplies of raw 
materials can be reported and the continued substantial 
deliveries of iron and steel scrap from home and everseas 
sources are moving into use at works where, for a consider- 
able time, shortage of pig iron has hampered the produc- 
tion of commodities in great request for export. Imports 
of foreign iron ore are large and increasing and outputs of 
Cleveland ironstone, while still on a lower scale than is 
desired, are increasing gradually. The Whitsuntide 
and summer holidays will doubtless exercise a retarding 
influence on fuel supplies but it is hoped that deliveries will 
be adequate for the urgent requirements of consumers. 


Foundry and Basic Iron.—The scarcity of ordinary 
foundry pig iron remains acute and users in the Middles- 
brough district readily take up any parcels available from 
distant producing centres. Iron has been made on Tees- 
side for a considerable time. All the basic iron output is 
moving into immediate use at the makers’ own steel 
plants. 


Hematite, Low-Phosphorus and Refined Iron.—Regular 
customers for East Coast hematite are still asking for 
larger supplies, and users of low- and medium-phosphorus 
grades of iron are accepting all available parcels. Manu- 
facturers of refined iron are able to cover the buyers’ 
needs. 


Manufactured Iron and Steel.—-Makers of semi- 
finished and finished iron are busy on running contracts 
and expect to maintain full activity at their plants over 
the next few months. Deliveries of steel semies just about 
cover the heavy requirements of the re-rolling mills and 
supplies from overseas promise to increase. At the same 
time still larger parcels of small billets and sheet bars 
would be acceptable. Finished-steel commodities con- 
tinue in strong request. Producers are busy on big con- 
tracts and customers are confidently anticipating the 
early release of larger quantities of material for home 
purposes and for shipment overseas. Shipbuilders, 
especially, need increased steel] allocations to enable them 
to speed up the execution of their contracts. Plants 
producing railway requisites and colliery equipment are 
very actively engaged and the delivery obligations of 








sheet makers are extremely heavy. 





NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





SocreTy OF INSTRUMENT TECHNOLOGY.—Tuesday, 
May 31, 7 p.m., Royal Society of Tropical Medicine and 
Hygiene, Manson House, Portland-place, W.1. Annual 
General Meeting. “Some Modern Aspects of Hygro- 
metry,” by Professor H. 8. Gregory and Mr. E. Rourke. 

REINFORCED CONCRETE ASSOCIATION.—Wednesday, 
June 1, 2 p.m., Waldorf Hotel, Aldwych, W.C.2. Annual 
General Meeting. (Preceded by luncheon at 12.30 p.m.) 

JUNIOR INSTITUTION OF ENGINEERS.—Midland Sec- 
tion: Wednesday, June 1, 7 p.m., James Watt Memorial 
Institute, Birmingham. ‘‘ The Manufacture of Gramo- 
phone Records,” by Mr. H. W. Bowen. 

INCORPORATED PLANT ENGINEERS.—London Branch : 
Wednesday, June 1, 7 p.m., The Royal Society of Arts, 
John Adam-street, Adelphi, W.C.2. “ Electric Drives 
and Motor Control Gear,” by Mr. D. Rudd. Birmingham 
Branch: Friday, June 3, 7.30 p.m., The Imperial Hotel, 
Birmingham. “ Steam,” by Mr. H. Tate. Newcastle- 
upon-Tyne Branch: Thursday, June 9, 7.30 p.m., The 
Turk’s Head Hotel, Newcastle-upon-Tyne. “ Lubri- 
cation,” by Dr. A. C. Pepper. 

Royal INsTITUTION.—Wednesday, June 1, 9 p.m., 
21, Albemarile-street, W.1. ‘“‘ Optical Polarisers,”’ by 
Dr. Edwin H. Land. 


PuysicaL Socrery.—Thursday, June 2, 5 p.m., The 
Science Museum, South Kensington, S.W.7. ‘“‘ A Colour 
Translating Ultra-Violet Microscope,” by Dr. E. H. 
Land. 

INSTITUTE OF INDUSTRIAL SUPERVISORS.—Smethwick 
Section: Thursday, June 2, 7 p.m., Chance Technical 
College, Crocketts-lane, Smethwick. ‘‘ Cost Control,” by 
Mr. F. B. Anscombe. 





CONTRACTS. 


Messrs. THE HyYMATIC ENGINEERING COMPANY, 
Limtrep, Redditch, Worcestershire, have received an 
order for air compressors and compressed-air equipment 
valued at 2,0001.,from Gas Turbines Limited, Wellington, 
New Zealand. 


Messrs. Perrers, LIMITED, a subsidiary company of 
the Brush Group, have received an order valued at 
approximately 150,0001. for small Diesel engines for 
India. All these engines will be delivered within the 
next three months. 


Messrs. CROMPTON PARKINSON LIMITED, Crompton 
House, Aldwych, London, W.C.2, have received an 
order from the Hydro-Electric Power Commission of 
Ontario, Canada, for 1,775 electric motors, worth 
100,000 dols. (25,0001.). The motors are being 
manufactured at the Crompton Parkinson Works at 
Guiseley and Doncaster. 


Messrs. THE HUNSLET ENGINE COMPANY, LIMITED, 
Jack-lane, Leeds, 10, are constructing ten 0-6-0T steam 
shunting locomotives for the Sudan Government Rail- 
ways. This is a repeat order, the previous engines 
having been supplied in 1940. The locomotives are of 
3 ft. 6in. gauge and have 39}-in. wheels, outside cylinders 
measuring 14 in. by 20 in., a boiler pressure of 180 Ib. 
per square inch, and a weight, loaded, of 37-3 tons. 


Messrs. SIMON-CARVES, LIMITED, Cheadle Heath, 
Steckport, have obtained an order from the Government 
of New South Wales for the supply of two large steam- 
raising plants and associated equipment for the first sec- 
tion of a new power station to be built at Lake Illawarra, 
about 50 miles south of Sydney. The station is expected 
to be commissioned in 1952. The boilers will be tri-drum 
high-head units of the firm’s twin-flow cold-feed type, 
fired by pulverised fuel. They will be arranged for 
automatic combustion, and steam temperature and load 
control. The boilers will supply, together, 600,000 Ib. 
of steam an hour, at 625 Ib. per square inch pressure and 
865 deg. F., to turbo-alternators of 60,000 kW capacity. 


Messrs. THE HARLAND ENGINEERING COMPANY 
Liwrrep, B.E.P. Works, Alloa, Clackm hire, have 
secured an order for pumping plant for the Argentine 
worth about 750,0007. Last year, Messrs. Harland 
secured the first contract placed for an extensive water- 
supply r traction for Bi Aires, namely, 
all the main equipment for one of four pumping stations. 
The firm are now supplying plant for the remaining three 
pumping stations in the scheme, which has been developed 
by the Argentine Obras Sanitarias. An aggregate of 
23 pumps of the borehole type are to be provided. The 
motor horse-power for the scheme will total nearly 
32,000, and the combined output of the 23 pumps over 
500 million gallons a day. The contract includes 
delivery, installation, setting to work and various auxiliary 














equipment for the station. 
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LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 


“ ENGINEERING,” LESQUARE, LONDON. 
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Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
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well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
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Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under, and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra c is 
1s. per insertion, with the exception of advertisements 
appearing under ‘Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six ; and 
38} per cent. for fifty-two insertions. 
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“Copy” instructions and alterations to standing 


advertisements for display announcements must be 
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GOVERNMENT 
INFORMATION SERVICES. 
From whatever angle it may be regarded, the 

feeling is hardly avoidable that the debate on the 
Central Office of Information, initiated in the 
House of Commons on Monday of this week by Mr. 
Brendan Bracken, M.P., never reached the level that 
the importance of the subject really deserved. It 
occupied nearly three hours, much of which was | 
wasted by verbal sharpshooting which, however | 
spontaneous and amusing it may have seemed | 
at the time, reads much less entertainingly in the 
pages of Hansard; and it is possible to read 
through the whole report without deriving any very 
clear idea of what the Central Office of Information 
really does, how much of it is worth doing, or to) 
what extent the estimated cost of more than 
16,000,000/. for 1949-50 is justified. Mr. Bracken’s 
contention was clear enough—“‘I do not believe,” 
he declared roundly, “‘ that any Ministry of Informa- 
tion or a Government information bureau serves 
any good purpose in peace time.” He spoke from 
an extensive first-hand experience of periodical 
publishing, and, to a great extent, we are disposed 
to agree with his main thesis; but the tendency, 
noticeable in most of the speeches from both sides 
of the House, to fasten upon particular items, none 
of crucial importance in itself, rather than upon the 
main principles involved, made the debate as a 
whole disappointing and rather futile. The out- 
come, of course, was a foregone conclusion ; but 
the question at issue was really one of principle 
rather than of mere expediency, and should have 
been treated as such. 

The White Paper (Cmd. 7697) showing the esti- 
mated expenditure on Government information 
services is not a lengthy document—it consists 
effectively of only three pages—but it throws a 
revealing light on the present scale of this com- 
paratively modern department of official activity. 
It sets forth, in two tabular statements, the expen- 
diture e ted in the Home Departments 
(5,168,0501.), the Overseas Departments and Services 
(11,211,000/.), and, in each case, gives for each 
Ministry or Service, the amounts for salaries and 
expenses of the information staff and for operational 
expenses. In separate columns are given the 
amounts provided for in the Central Office of 
Information vote and the Stationery Office vote. 








The totals for specific Government departments 





range from a mere 1,300/. in the case of Customs 
and Excise and 1,8001. for the War Damage Com- 
mission and the Central Land Board to 552,700. 
for the Treasury and the Economic Information 
Unit. These instances are taken from the table 
relating to the Home Departments. The items in 
the section relating to Overseas Services are much 
less numerous, but individually most of them are 
much larger; the most important are grants-in-aid 
of 4,450,0001. towards the British Broadcasting 
Corporation’s overseas service, and 2,551,0001. to 
the British Council, and 2,368,7001. for the Foreign 
Office. The grand total is 16,379,500/., less 162,500/. 
expected to be received by H.M. Stationery Office 
from the sale of publications. 

The proportionate distribution of the various 
estimated charges varies greatly between one 
Ministry or department and another. The Admir- 
alty, for instance, estimate their requirements to 
be no more than 15,5001. for salaries and staff 
expenses, and 33,5001. for operational expenses, 
but account for 91,800/. on the C.0.1. vote, though 
their share of the Stationery Office vote is only 
4,0001.; and the corresponding figures for the Air 
Ministry are 16,000/., 69,000/., 232,000/. and 
10,0001. The War Office, on the other hand, are 
indenting for 114,500/., 116,7001., 220,7001. and 
8,000]. under the same relative heads—a total of 
459,9001.; and the Ministry of Labour for 23,100/., 
6,7001. (a surprisingly small figure), 408,000. and 
19,0001. To the sum total of the Services demands, 
however, should be added a part—probably a 
substantial part—of that of the Ministry of Supply, 
who are asking for 20,100/., 12,8001., 49,0001. and 
700l.—a total of 82,6001. The information and 
publicity departments of the nationalised industries, 
it should be noted, are not included in any of the 
figures quoted above; their aggregate cost, if 
added to the Governmental charges, would probably 
bring the overall estimated expenditure to some- 
thing well over 20,000,0001., of which the home 
services would absorb perhaps as much as 40 per 
cent. It is pertinent to ask what benefit accrues 
to the nation, in return for this outlay, which could 
not be obtained by the proper use of other and exist- 
ing facilities ; and which of their activities could be 
regarded as indispensable in the sense that no other 











medium exists by which an equivalent result 
(assuming it to be necessary) could be obtained. 

Considering the whole broad field of Government 
publicity and information, we would not go so far 
as to say that it should be discontinued in toto ; 
there is no doubt, for example, that the Board of 
Trade Journal and the Ministry of Labour Gazette 
perform a useful service in providing media for the 
publication of many official returns and other data 
which it is desirable to have presented uniformly 
and in regular juxtaposition, but which no editor of 
a commercially-produced periodical could guarantee 
to display regularly in that manner unless in the 
form of paid advertisements—and possibly not 
always then, in present circumstances of restricted 
paper supplies. It may be argued, indeed, that the 
ordinary newspaper or trade periodica] gains 
materially by being under no necessity to print in 
extenso the kind of material that fills many of the 
columns of these Government publications week by 
week; a point which can be readily checked by 
comparing, say, a current issue of The Times with 
one of the ponderous issues of 40 years ago. The 
same cannot be said, however, of some of the more 
recent manifestations of Government publicity— 
the class which Mr. Bracken stigmatised as “ glossy 
parish magazines.” 

Where we do take exception to the activities of 
the various Government publicity organisations, 
including in part those of the Central Office of 
Information, is in their assumption—implicit in the 
fact that they deem it necessary to produce, at the 
public’s expense, their various “ glossy parish maga- 
zines ”—that the existing facilities afforded by the 
established Press are insufficient to bring before the 
public of this and other countries the data which, 
it is felt, they ought to have at their disposal. 
We cannot perceive any function served by these 
official journals which the commercially-conducted 
Press could not provide if it were given full freedom 
and the necessary supplies of information and paper 
for the purpose; and all available comparisons 
between the operations of Government departmente 
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or agencies—to adopt the American term—and 
those of commercial undertakings indicates that the 
latter could probably provide the necessary services 
at least as effectively and at less cost. As things 
are, it is difficult to avoid the feeling that, in some 
Government circles, it is felt to be less trouble to 
start a new official journal than to acquire a really 
detailed knowledge of the numerous specialised 
branches of the technical and lay Press already 
existing, and to modify the officially distributed 
information to suit the requirements of the journal 
to which it is addressed. No two technical periodi- 
cals, at least, are identical in their methods of 
editorial treatment. 

As a general rule, the editor of an official publi- 
cation is more or less obliged to print the material 
that is issued to him by his department, without 
any considerable modification. Privately-owned 
journals are under no such obligation, but can 
accept or reject articles offered to them, or compile 
their own from details supplied at their request, 
to suit the needs of the class of readers for whom 
they cater. To be able to do so, they must keep 
in close and effective contact with their public, a 
Tequirement which it would be much more difficult 
for any Government department to meet satisfac- 
torily, even by the “‘ social survey ” methods which 
were mentioned in the House as having cost “‘ 11. per 
person snooped.” Above all, any official publica- 
tion has to contend with a difficulty to which the 
specialised non-official journal is much less exposed ; 
namely, the suspicion that the material published 
is designed as propaganda. Whether it be deserved 
or not, this suspicion is undoubtedly present and 
is apt to cause the reader to discount much of what 
he reads, or, it may be, to cease from reading. 
After all, the real value of the material that any 
journal publishes is the value that is put upon it 
by the readers and not the value that the writers of 
the articles may imagine them to possess. In this 
matter the proprietors of a journal which must pay 
its way a8 a commercial undertaking have a great 
advantage over the compilers of a subsidised depart- 
mental pubtication in that their circulation provides 
a direct measure of the success or otherwise of their 
efforts. 

A further and most important advantage enjoyed 
by a journal operated on strictly commercial lines 
is that those who conduct it are under no obligation 
to address themselves, and adapt their style, to the 
least informed strata of the community ; whereas 
this need is very evident in a large proportion of 
the matter published in official publications, and 
has been the despair of many authors of broadcast 
talks on specialised subjects. In short, the average 
Government publication seeks (or is obliged) to 
address too wide and varied a public, and, in style 
of presentation, cannot hope to accommodate itself 
to more than a small fraction of them. This prob- 
lem is by no means unknown in the field of pro- 
fessional journalism, technical and otherwise, but 
there it is much less acute because there are so 
many varieties of journal, each catering for a parti- 
cular section of the reading public, and depending 
for its survival upon the success with which it 
does so. That stimulus is almost entirely absent 
from a Government-sponsored publication. It 
would seem, therefore, that Parliament might well 
scrutinise very critically any proposal to extend the 
already formidable list of “‘ glossy parish magazines ” 
and to consider carefully whether, instead of 
spending such large sums of public money in main- 
taining them in competition with established jour- 
nals, it would not be better to spend the much 
smaller sums that would suffice to maintain a 
proper liaison with al] branches of periodical publica- 
tion, so that the existing facilities may be used to 
the utmost. Such a policy, we are convinced, 
would be much more effective than attempts by 
Government publicity departments to corner all 
the interesting information that comes their way, 
and either distribute it indiscriminately in “‘ hand- 
outs ” or, if it is of a specialised character, label it 
“* Crown copyright reserved ” and seek to offset the 
cost of the publicity services by mulcting in repro- 
duction fees any publisher who desires to use it. 
The primary purpose of an information service, after 
all, is to disseminate information as effectively as 
possible. 





THE FIRE RESEARCH 
BOARD. 


Tue study of problems connected with the con- 
trol and prevention of fires was carried on, for 
some 20 years or more, by the British Fire 
Prevention Committee, which, in the form of 
“Red Books,” published some 260 reports dealing 
with various aspects of the problems concerned ; 
the last of these appeared in 1921. The work of 
this committee resulted in the realisation, among 
those concerned with such matters, that the estab- 
lishment of standard ure for tests of fire 
resistance was desirable. The question received the 
attention of the British Standards Institution, 
which, in 1932, published B.S. 476, British Standard 
Definitions for Fire Resistance, Incombustibility and 
Non-Inflammability of Building Materials and 
Structures. In order to provide facilities for sys- 
tematic tests, the Fire Offices’ Committee built and 
equipped a fire-testing station at Boreham Wood, in 
Hertfordshire, which was opened in 1935. This 
station is well known and accounts of various tests 
carried out at it have appeared in our columns in the 
past. From the first, the facilities for tests on the 
fire-resistance of building materials and elements 
of structures which the station afforded were made 
available to the Building Research Station. 

Some few years before the war, a Departmental 
Committee, under the chairmanship of Lord River- 
dale, was appointed to review the fire-brigade 
services of England and Wales. In its report, the 
committee recommended that a Fire Prevention 
Research Board should be formed by the Depart- 
ment of Scientific and Industrial Research, and as a 
first step in implementing this recommendation, 
the Department, in 1939, established a Fire Fighting 
Research Section at the Building Research Station. 
This section was intended to be concerned mainly 
with study of appliances. used in fire protection and 
fire fighting. Its formation practically coincided 
with the outbreak of the war, and as there was 
general expectation that severe damage would be 
caused by high-explosive bombs, the Air Raid 
Precautions Department of the Home Office (later 
the Ministry of Home Security) set up a Research 
and Experiments Branch. When it became evident 
that, in many raids, more damage was done by fire 
than by high-explosive bombs, the Fire Research 
Section of the Research and Experiments Depart- 
ment had to be rapidly expanded. As the Depart- 
ment of Scientific and Industrial Research had 
already taken steps to study various aspects of 
fire fighting, by setting up a special section at the 
Building Research Station, it was called into con- 
sultation by the Ministry of Home Security. As a 
result of discussions, it was decided that the Fire 
Research Division of the Research and Experi- 
ments Department should be responsible for fire- 
prevention research during the war, but that with 
the coming of peace the matter should revert to the 
Department of Scientific and Industrial Research. 

The Department was closely concerned with the 
war-time activities of the Research and Experi- 
ments Department and much investigational work 
was carried out at the Building Research Station, 
the Chemical Research Laboratory, the Forest 
Products Research Laboratory, the National Phy- 
sical Laboratory, and the Road Research Labora- 
tory. When the time arrived for the investigations 
to pass into the hands of the Department, discus- 
sions were held with the Fire Offices’ Committee, 
owners of the Boreham Wood Station. To a 
considerable extent, the work carried on at this 
station had consisted of tests made on behalf of 
commercial firms, but as a post-war programme, 
the Committee had decided to undertake systematic 
research. In view of this, it was decided that the 
Department and the Committee should join forces, 
and the Fire Research Board, representing both 
bodies, was formed in November, 1946. As a 
contribution to the capital cost of providing the 
necessary plant and accommodation for a fire- 
research programme, the Fire Offices’ Committee 
placed the Boreham Wood fire-testing station at 
the disposal of the Research Board. 

There are a number of activities of such wide 
general importance, and which impinge on such a 








multitude of different interests, that it is generally 
recognised that investigation of the problems to 
which they give rise is a proper sphere for State 
action. This recognition has led to the Department 
of Scientific and Industrial Research directly under- 
taking work in various fields such as fuel, roads, 
building, water pollution and others. The work 
carried out in the laboratories concerned with these 
various matters is supplemented by investigations 
undertaken by research associations and commercial 
firms, but such a broad subject as “fuel” can only 
be dealt with in general terms by an organisation 
which represents no specific interest. It is logical that 
fire-prevention and control should be added to the 
list of research activities carried on by the Depart- 
ment. The arrangement which has been entered 
into with the Fire Offices’ Committee has no parallel 
among the other main activities of the Department, 
but in view of the serious financial loss caused by 
fire, the fire-insurance companies have a direct 
interest in this matter of which there is no corre- 
sponding example in the fields of say building or 
roads. The undertaking of fire research by the 
State, however, is not merely a matter of interest to 
insurance companies ; investigations concerned with 
the prevention or control of fires are of direct 
importance in almost every sphere of commercial 
activity and are the concern not only of architects 
and building firms, but of vehicle and aeroplane 
manufacturers, shipbuilders, and those concerned 
with the carrying on of almost any industrial process. 

The Fire Research Board, in its first report*, 
which covers the year 1947, points out that although 
it is a new organisation, it is the immediate successor 
of the Fire Research Division of the Research and 
Experiment Department of the Ministry of Home 
Security, and a number of the staff of that division 
have remained to form the nucleus of the new body. 
Those investigations put in hand by the war-time or- 
ganisation which had a peace-time application have 
been continued. The Board has at its disposal the 
Boreham Wood Station for fire-resistance tests 
and a section of the Building Research Station at 
Garston to deal with engineering aspects of its 
investigations ; arrangements have also been made 
for the continuation of various chemical and physical 
studies at the Imperial College, South Kensington, 
and at Leeds University. 

The programme of research which has been under- 
taken by the Board covers five main subjects. 
These are, studies of outbreaks of fire; the growth 
and suppression of fires; structural aspects of 
buildings in relation to fire hazard (the term buildings 
in this connection is taken to include ships, aero- 
planes and vehicles) ; study of special hazards, such 
as that of a petrol fire caused by an aeroplane crash ; 
and studies of fire-fighting equipment. In connec- 
tion with the subject of the outbreaks of fire, reports 
of all fires attended by brigades are being received 
by the Board. As the number is about 75,000 a 
year, analysis is being carried out by means of a 
punched-card system. 

An important part of the study concerned with 
the growth and suppression of fires is directed to 
analysis of the relative efficiencies of various fire- 
extinguishing media, such as carbon dioxide, 
methyl bromide, and others. Another important 
subject being investigated is that of the initiation 
of fires in stored foods. It is stated that the nature 
of spontaneous combustion, to which many fires are 
attributed, is little understood and that close investi- 
gation of some actual cases has shown that the 
fires were originated by the “furtive smoker.” 
The third main section of the work, the structural 
aspects of buildings in relation to fire hazard, is 
concerned with a wide field. The results of a 
study of many aspects of the matter were given in 
the report entitled Fire Grading of Buildings 
(Post-War Building Studies No. 20), of which an 
account was given in ENGINEERING at the time of 
its publication.t That report was drawn up by a 
joint committee of the Building Research Board 
and the Fire Offices’ Committee and the Fire 
Research Board may be said to be carrying on the 
work of that committee. 





* Report of the Fire Research Board with the Report 
of the Director of Fire Research for the Year 1947. 
H.M. Stationery Office. [Price 1s. 3d. net.] 

t See ENGINEERING, vol. 163, page 154 (1947). 
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NOTES. 


WatTER PowER DEVELOPMENT IN SCOTLAND. 


Two further schemes to develop the water 
power of Scotland for the generation of elec- 
tricity have been confirmed by the Secretary 
of State for Scotland and have been laid before 
Parliament. The first of these is the Gaur project 
(Constructional Scheme No. 15), which has been 
designed to relieve the urgent demands for power 
in Oban, Kinlochleven, Ballachulish and Taynuilt. 
It consists of a generating station with an installed 
capacity of about 6 MW, which will be built on the 
Allt Chaldar Burn and will be supplied with water 
from Loch Eigheach through a pipe line. The 
enlargement of Lochan-na-Lairige and its use as 
a reservoir by building a dam 130 ft. high near 
its present outlet is the main feature of the 
Lawers project (Constructional Scheme No. 18). 
This project covers a catchment area of 17} sq. miles 
on the Ben Lawers range of hills in Perthshire. The 
head waters of the streams running from the south- 
eastern slopes of Ben Lawers into Loch Tay and 
from the north-western slopes into Glen Lyon will 
be diverted into the reservoir by aqueducts which 
will be constructed at heights of over 1,700 ft. 
above sea level. The impounded water, which will 
have a usable fall between Lochan-na-Lairige and 
Loch Tay of 1,362 ft., will be conducted by a pipe 
line and pressure tunnel to a 30-MW generating 
station which will be built near Finlarig at the 
western end of Loch Tay. The annual output of 
this scheme is estimated to be 71 million kilowatt- 
hours. The larger part of the catchment areas of 
the streams utilised in this scheme lie below the 
1,700-ft. level and will not be affected. 


THE ASSOCIATION OF CONSULTING ENGINEERS. 


The first post-war annual] dinner of the Association 
of Consulting Engineers was held at the Waldorf 
Hotel, Aldwych, London, on Thursday, May 19, 
when the principal guests were the Rt. Hon. G. R. 
Strauss, P.C., M.P., Minister of Supply, and His 
Excellency Mr. V. K. Krishna Menon, High Commis- 
sioner for India. Mr. Strauss, proposing the toast 
of the Association, spoke of the gratifying response 
of the engineering industry to the targets which 
the Government had set, rather optimistically, 
afterthe war. He wished to stress particularly the 
importance of selling engineering goods in the Cana- 
dian market, where we had the advantage of remark- 
able goodwill towards this country. In Canada, 
there were prospects of large-scale public-utility 
works, and the Government were anxious that the 
engineering industry of this country should obtain a 
fair share of the contracts. We had to convince the 
Canadians, however, that we could undertake con- 
tracts at competitive prices. Consulting engineers had 
their part to play in this drive. He was aware that 
members of the profession did not advertise, but he 
thought that something should be done to inform 
Canadians of the excellent services they could offer. 
Mr. G. Kenyon Bell, M.I.C.E., chairman of the 
Association, responded to the toast. He said that 
there was a tendency, even in official circles, to think 
that the profession sheltered behind its code of 
ethics ; he would only say that the code was a 
model to most of the world, although he agreed it 
should not be allowed to become their master. 
The toast of the guests was proposed by Mr. 
G. M. C. Taylor, and H.E. the High Commis- 
sioner and Sir Cyril Hurcomb, chairman of the 
British Transport Commission, responded. His 
Excellency spoke with pleasure of the outcome of the 
recent conference of Commonwealth Prime Ministers 
and referred to the tremendous scope for co-opera- 
tion in the future between the peoples of India and 
the United Kingdom, in which consulting engineers 
would be able to participate. The present momen- 
tous stage in India’s history, he said, was a great 
testimony to the peoples of both countries, but the 
urgent problem in India now was the feeding of the 
vast population. The next few years would see a 
great expansion of electricity supply and land 
under cultivation ; those were the two fundamental 
requirements—the rest would follow. Sir Cyril 
Hurcomb, speaking of the railways of this country, 
said that they hoped to make further progress with 





electrification. He thought there was a risk that 
large public organisations might become too self- 
sufficing, and from that point of view it was of 
great value to have an outside body of consul- 
tants with exceptional experience of engineering 
practice throughout the world. An opportune 
time for major developments and reconstructions 
on the railways would come, and plans were being 
prepared in readiness. 
New Mipianp CoALFIELps. 

In reply to a question in the House of Commons on 
Thursday, May 19, the Lord President of the Council 
(the Rt. Hon. Herbert Morrison) announced that a 
new coalfield had been discovered in Stafford- 
shire during the course of deep boring by the 
staff of the Geological Survey of the Department of 
Scientific and Industrial Research. At a minimum 
estimate this coalfield contains 400 million tons of 
workable coal, although the actual amount may be 
several times this amount. The seams lie at a 
depth of about 3,000 ft.; and 30 ft. of coal has 
so far been discovered including 8 ft., 6 ft. and 5 ft. 
seams. Boring, which is taking place at Whitting- 
ton Heath, near Lichfield, is stil) in progress ; and 
it is likely that further seams will be discovered. 
Additional borings will also be n to discover 
the full resources and detailed structure of the 
strata. The new coalfield is situated between the 
Cannock Chase and Warwickshire coalfields in both 
of which the productive coal measures crop out at 
the surface. The preliminary estimate of 400 
million tons is equal to an added life of 80 years for 
the Cannock Chase coalfield at its present rate of 

uction. The discovery of a second coalfield at 

eley, North Staffordshire, has also been an- 
nounced. Borings already made over an area of 
400 acres indicate that its content may be 20 million 
tons, and that when the whole field has been 
ex plored the amount available may exceed that at 
Whittington. It may be mentioned that funds to 
undertake a deep boring were granted to the 
Geological Survey in 1947 for the purpose of investi- 
gating the deep-seated geological structure of 
Great Britain. While it is considered unlikely that 
all the bores will give direct economic results of 
such importance as that at Lichfield and Madeley, 
the information gained will enable geologists to in- 
terpret the structure of the rocks at great depths 
beneath considerable areas of the country. Such 
knowledge is, of course, of great importance in the 
search for underground mineral and water resources. 


Man-PoweEr NEEDS OF THE R.A.F. anp InpustrRY. 


A praiseworthy attempt to achieve an improved 
correlation in the use of man-power in the Royal 
Air Force and industry was initiated last week, 
when Lord Tedder, Chief of the Air Staff, presided 
over ‘‘Conference Ariel” in London. About 200 
civilians, widely representative of industry, educa- 
tion and labour, attended, together with a similar 
number of senior R.A.F. officers. The Prime 
Minister and Service chiefs also attended part of 
the conference. The problem to be examined was 
that of “‘ harmonising the R.A.F. requirements for 
high-quality intelligence and technical skill with 
similar requirements in civil life.” The Navy and 
the Army are also confronted with a similar pro- 
blem, and, with this in mind, it was explained that 
it was not a question of the R.A.F. taking only 
‘picked’ men, but of ensuring, as far as possible, 
that every man who entered—for only 18 months 
or so as a National Service man, or for a number 
of years on a “‘short-service ” or permanent basis— 
would find that the training, experience and educa- 
tion of his military service, were complementary to 
those in civil life and largely continuous. The prob- 
lemis particularly acute for those who, while training 
for the engineering and scientific professions, are 
required to undertake a period of National Service, 
but the conference was also concerned with “‘ the 
possibility of an integrated career whereby a man 
may enter industry or the professions on leaving 
schoal, serve in the R.A.F. for a reasonably long 
period, and return to civil life, following the same 
continuous line of development throughout.” It 
was not a function of the conference “‘ to arrive at 
conclusions regarding future policy, but to make 
possible a frank and confidential exchange of ideas 
on a problem which has become increasingly 











important with a policy of full employment and the 
need to make the most economical use of the 
nation’s limited man-power resources.” In a state- 
ment after the conference, Lord Tedder said that, 
from the R.A.F. point of view, “if we get the 
right people in the right places, we can do with 
less total man-power.” He indicated that the 
conference had been very successful, as far as it 
went, but was unable to say what the next step 
would be, mainly because there had not been time 
to digest the results. It may be remarked that the 
magnitude of the problem posed is a measure of the 
effort required, however intractable it may appear 
to be on a first consideration, but it would seem 
that success must depend to some extent on the 
ability of the Services to eliminate the typically 
“‘ Service’ approach to subjects of civil import. 
Whether or not this can be done in the absence of 
those conditions and incentives which prevail in 
civil life is problematical. 
INTERNATIONAL Gas CONFERENCE. 

Following immediately after the 86th annual 
general meeting of the Institution of Gas Engineers, 
to be held at the Institution of Civil Engineers, 
Great George-street, London, S.W.1, on June 13 and 
14, the fourth Internationa] Gas Conference will take 
place, also at the Institution of Civil Engineers, on 
June 15, 16 and 17. The Conference will be opened 
officially at 10 a.m., on June 15, by the Minister of 
Fuel and Power, after which the delegates will be 
welcomed by the Conference President, Colonel C. M. 
Croft. At 10.30 a.m., the delegates will divide for 
two simultaneous sessions. At the first, three 
contributions will be presented and discussed, 
namely, a French report: ‘‘ Quels sont les Meilleurs 
Procédés pour Parer aux Pointes d’Emission, par 
exemple, au moment des Baisses de Température 
qui Provoquent des Consommations Excessives ? ” ; 
a British report: ‘Methods of Maintaining the 
Output of Gaseous Therms in Times of Restricted 
Gas Supply”; and a paper on ‘‘ The Characteristics 
of Gas-Making Plant to Meet the Seasonal Heating 
Load,” by Mr. F. M. Birks, C.B.E. At the second 
simultaneous session a British report, on “‘ Methods 
of Maintaining a Gas Supply, Particularly to Priority 
Consumers, in Times of Gas Shortage,” and a paper 
by Dr. J. E. Carriére on “Modern Protection 
Methods for Cast Iron and Steel Pipes, and the 
Experience Gained with these Methods in the 
Netherlands,” will be presented. In the afternoon, 
visits will be paid to Beckton and Ponders End 
Gas Works and the Greenwich Works of G. A. 
Harvey and Company (London), Limited. On 
Thursday, at 9.30 a.m., two simultaneous sessions 
willagain be held. At the first, two French reports, 
namely, “‘ Détermination du Pouvoir Calorifique 
Optimum,” and “Du Choix d’un Type de Fours,” 
and a paper by Dr. H. Deringer, of Switzerland, on 
“Un Projet d’Absorption et de Récupération du 
Monoxide de Carbone du Gaz de Ville,” are to be 
presented. At the second session three papers will 
be taken, the first: ‘‘A Study of Progress in the 
Domestic Utilisation of Gas,” by Mr. A. R. Bennett ; 
the second: ‘‘ Developpement des Brileurs pour 
Appareils & Gaz Domestiques,” by Mr. H. Zolli- 
kofer, of Switzerland; and the third: “‘ A Com- 
parison Between the Simplex and the Duplex 
Burner,” by Mr. J. G. de Voogd, of Holland. In 
the afternoon, visits will be paid to the Wandsworth 
Gas Works and the Wembley Works of the General 
Electric Company, Limited. On Friday, at 9.30 
a.m., the two final simultaneous sessions will be 
held. At the first, a report on “Gas Industry 
Research in the United States,” and papers: “La 
Recherche Gaziére en France,” by Professor G. 
Ribaud ; ‘“‘ Research in the British Gas Industry,” 
by Dr. J. G. King; and ‘‘ Quelques Aspects de la 
Valorisation Chimique des Gaz de Houille en 
Belgique,” by Dr. P. Ferrero, will be presented. At 
the second session, a Belgian report: “‘ Les Statis- 
tiques Européennes de ]’Industrie du Gaz,” and a 
British report: ‘‘Some Factors Controlling the 
Demand for Gas,” will be presented and also two 
papers: ‘‘ Etablissement d’une Tarification Ratio- 
nelle du Gaz,” by Mr. P. Fleurquin, of France, and 
‘Present and Future Problems in Coke-Oven 
Gas Supply in Western Germany,” by Mr. H. D. 
Greenwood and Mr. W. R. Branson. At 3 p.m., 
there will be a closing general session at which two 
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papers will be presented, namely, ‘‘ La Formation 
Professionnelle Gaziére en France,” by Mr. F. 
Prégermain and ‘‘ Technical Education for the Gas 
Industry in Great Britain,” by Dr. P. C. L. Thorne. 
The Conference will conclude with visits to places 
of interest. Further particulars may be obtained 
from the secretary, Institution of Gas Engineers, 
1, Grosvenor-place, London, S8.W.1. 


THE OwEN Fatts Hypro-Etecrric ScHEME. 

Speaking in the House of Commons on Thursday, 
May 19, the Secretary of State for Foreign Affairs 
(the Rt. Hon. Ernest Bevin) said that good progress 
had been made during the past few weeks by the 
British and Egyptian Governments on the problem 
of the Nile waters. In accordance with the Nile 
Waters Agreement of 1929, they had agreed to the 
construction of a dam at Owen Falls in Uganda for 
the production of hydro-electric power and for the 
control of the river. Plans and specifications for 
this work had been approved by the Egyptian 
Ministry of Public Works and the Uganda authori- 
ties, and the Uganda Electricity Board would now 
invite the necessary tenders. The resulting con- 
tracts would be submitted to the two Governments, 
who would approve them by formal notes and notify 
the Uganda authorities. The two Governments had 
also agreed that, although the construction of the 
dam would be the responsibility of the Uganda 
Electricity Board, there would be an Egyptian 
resident engineer on the site. This engineer, after 
the completion of the dam, would issue instructions 
regulating the discharges through the dam in 
accordance with arrangements to be agreed between 
the Egyptian Ministry of Public Works and the 
Uganda authorities. The Uganda Electricity Board, 
during and after thé construction of the dam, 
would be allowed to take any action that was 
desirable, provided it did not prejudice Egyptian 
interests or adversely affect the discharges of water 
to be in accordance with the agreements 
made between the two Governments. Arrangements 
are to be made for arbitration in case of differences 
of opinion. Mr. Bevin also announced that the 
Sudan Government would participate in the project. 


FrpEraTion OF CoaTep Macapam InpvusTRIES. 

When proposing the toast of “‘ The Federation ” 
at the annual luncheon of the Federation of Coated 
Macadam Industries, held on May 20, at the Dor- 
chester Hotel, London, Sir Gilmour Jenkins, K.C.B., 
Permanent Secretary, Ministry of Transport, said 
that our national financial and economic circum- 
stances were such that we, as a nation, could not 
devote as much to the maintenance and upkeep of 
our roads as we should like. At the present time, 
we were carrying out, each year, only from 70 to 75 
per cent. of the average pre-war annual volume 
of road-maintenance works, and there seemed to 
be no possibility of an improvement in the near 
future. Consequently, it was very important to 
see that the money and labour available should 
be used to the best advantage and it was in this 
direction that the Federation could help the Govern- 
ment and road authorities. In the course of his 
reply, Mr. M. Stewart Mitchell, the chairman, stated 
that the Federation had been formed in 1945 for 
the purpose of maintaining and indeed of raising 
the standard of coated macadam throughout the 
United Kingdom. The membership now stood at 
164, which figure, it was calculated, represented 
85 per cent. of the producers of coated macadam 
in this country. A laboratory equipped to deal 
with all types of tests for road materials sent in 
by members had now been opened and, in due course, 
a new building, to house all the activities of the 
Federation, would be erected. Last year, the 
tonnage of coated macadam laid by the members 
had been 21 per cent. above the total laid in the 
previous year. These statistics were also referred 
to by Mr. A. J. Lyddon, C.B.E., M.I.C.E., the 
Director of the Federation, when he proposed the 
toast of the guests. He said that, although last 
year was one of reduced expenditure on roads, 
5 million tons of coated macadam had been laid 
by their members. Mr. H. J. Manzoni, C.B.E., 


M.L.C.E., M.T.P.I., President-Elect, the Institution 
of Municipal Engineers, who replied, said that, in 
recent years, a great improvement had taken place 
in the quality and usefulness of coated macadam. 





LETTERS TO THE EDITOR. 


THE METRIC SYSTEM. 
To THE Eprror OF ENGINEERING. 


Smr,—The last sentence of Mr. J. Halcro John- 
ston’s letter, published in your issue of May 13, on 
page 448, is just one more instance of the general 
weakness of arguments put forward by those 
opposed to the metric system. Just why a recurring 
decimal should arouse the ire of Mr. Johnston it is 
difficult to appreciate, but it may be pointed out 
that the metric system at least has the merit of 
consistency in that a third is always the same 
recurring decimal, be it a third of a metre, a kilo, 
a litre, or any other unit of measurement. In the 
“comic opera” British system a third of a pound 
sterling is 63 shillings, of a pound avoirdupous 
54 ounces, of a gallon 2% pints, all of them, terrible 
to relate from Mr. Johnston’s point of view, in- 
volving ‘‘repeating decimals.” Surely further 
comment is needless ! 

Yours faithfully, 
R. L. SaRJEANT. 
45, Avondale-road, 
Bromley, Kent. 
May 17, 1949. 


To, THe Eprror oF ENGINEERING. 

Sir,—In his letter, published on page 472 of 
your issue of May 20, Mr. Harry Allcock makes the 
statement “It is significant that every country, 
when discarding its own national system, has 
selected and adopted the metric system.” If this 
statement were correct it would be very significant, 
but almost the reverse is true. It is very much 
nearer to the truth to say that every country that 
has adopted the metric system never had a national 
system to discard. Consider the four big metric 
countries—France, Germany, Russia and China. 
The first had more than 100 systems of land mea- 
sures and more than 50 systems of weights in her 
various provinces; she had no national system. 
When the German Empire adopted the metric 
system, each of the constituent states had its own 
foot, pound, etc., but there was no national German 
system. In Russia, of pre-1917, the foot had been 
adopted, but the verst and other units had not been 
discarded. When it is remembered that in 1910 
the illiteracy figure in Russia was at least 90 per cent. 
it will be appreciated that weights and measures 
were not very systematic, let alone national. China, 
as described in Mr. Crookshank’s letter, is a fair 
picture of Russia a few years ago and in any large 
country with poor communications and varied 
dialects a national system of weights and measures 
is hardly feasible, which also implies that it is not 
necessary. 

The remainder of Mr. Allcock’s letter is equally 
erroneous. The bulk of the world’s international 
trade is carried on in Anglo-Saxon units, language 
and ships; and it is surprising how minute is the 
influence of the units of measurement. German 
cameras, Swiss watches, English bicycles and 
American motor cars are in every country. In the 
discussions on Argentine meat there has been no 
mention of the metric system—currency has been 
the governing factor. Between the wars there were 
vast streams of international trade but importers or 
exporters did not complain of the metric or inch 
systems ; they all complained, as they do now, of 
the Valuta—the rate of exchange and the currencies. 

Mr. Allcock states that the metric system is 
compulsory in more than 50 countries. These 
include Serbia, Rumania, Mexico, Bolivia, Chili, 
Brazil, Colombia, Costa Rica, Ecuador, Guatemala, 
Honduras, Nicaragua, Paraguay, Salvador and 
Uruguay—who no doubt discarded their “‘ national 
systems ’’—so what ? 

On December 17, 1942, the greatest man of his 
time told the House of Commons, “‘ Beware of need- 
less innovations, especially when guided by logic.” 
These are great words especially applicable to 
advocates of the universal metric system. 

Yours faithfully, 


Ware, H. 8. RowE tt. 





May 21, 1949. 





OBITUARY. 


MR. WILLIAM NITHSDALE. 


WE have learned with regret of the sudden and 
unexpected death on May 9, at the early age of 48, 
of Mr. William Nithsdale, B.Sc., formerly a director 
of Messrs. Yarrow and Company, Limited, Scotstoun, 
and more recently of Messrs. Richardsons, Westgarth 
and Company, Limited, West Hartlepool. Appar- 
ently, Mr. Nithsdale, while alone in his house at 
Sidcup, died of heart failure ; possibly a delayed con- 
sequence of the strain to which he was subjected 
during the German bombing raid on Scotstoun and 
Clydebank during the war, when a direct hit was 
made on Messrs. Yarrow’s shipyard. 

Mr. Nithsdale was a native of Clydeside, though, 
as his name indicates, his family came from Dum- 
friesshire, claiming descent from the Earl of Niths- 
dale who was imprisoned in the Tower of London 
after the Jacobite rebellion of 1715 and made a 
last-minute escape therefrom while under sentence 
of death. William Nithsdale received his education 
at Ludlow Grammar School and, subsequently, at 
Allan Glen’s School, Glasgow, from which he went 
into the Royal Flying Corps in 1917. On demobili- 
sation, he entered the works of the Fairfield Ship- 
building and Engineering Company as an apprentice, 
concurrently taking courses in engineering and 
naval architecture at Glasgow University, which 
awarded him the B.Sc. degree in 1922. His first 
industrial appointment, in the following year, was 
with Messrs. Yarrow and Company, mainly on the 
design and construction of land-type boilers, for 
which they had a number of important orders for 
power stations. Nithsdale specialised on the 
performance-testing of these boilers and soon dis- 
played a grasp of essentials and an aptitude to 
absorb and evaluate the statistics of boiler-testing 
that were above the ordinary ; allied as they were 
with a keen commercial sense, these abilities marked 
him out for early promotion, which took the form of 
a direetorship when he was still only 33 years of 
age. Two years previously, the Council of the 
Institution of Mechanical Engineers had transferred 
him from the grade of associate-member to that of 
member after he had been only two years in the 
former grade—a marked tribute to his professional 
competence. In addition to his membership of the 
Institution of Mechanical Engineers, he was a 
member of the Institution of Naval Architects, the 
Institution of Engineers and Shipbuilders in 
Scotland, the Institute of Marine Engineers and the 
North-East Coast Institution of Engineers and 
Shipbuilders. 

Mr. Nithsdale remained with Yarrow and Com- 
pany until 1941, in which year he joined the board of 
Richardsons, Westgarth and Company and removed 
from Scotstoun to West Hartlepool. At that time, 
the Hartlepool works of the company was in process 
of turning over from the manufacture of steam recip- 
rocating engines to geared-turbine machinery and 
Foster Wheeler water-tube boilers as part of the war- 
time rationalisation of marine propelling machinery 
for merchant ships, and for this work Nithsdale’s 
previous experience particularly fitted him. From 
marine to land plants was a transition also familiar 
to him, and his work during the closing period of 
his service with the firm was largely in connection 
with electric power stations. He relinquished this 
position about two years ago, and, writing to us 
at that time, expressed his intention of settling in 
London, as the centre best suited to the establish- 
ment of a consulting practice. This move he made 
a few months later, and quite recently we had the 
opportunity of hearing from him of the steady 
progress of his new venture. Shrewd, clear- 
headed and purposeful, he possessed both the 
technical and commercial experience to have made 
it financially successful, and his loss will certainly 
be felt in the completion of the developments— 
largely in oil products—with which he was asso- 
ciated. 





THE METRIC SYSTEM: ERRATUM.—We regret that in 
printing Mr. J. Halcro Johnston’s letter on “‘ The Metric 
System,” on page 448, ante, the figure 10 was used 
instead of the word “‘ Ten” in two places, thereby 
altering the sense of the letter. 
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THE INSTITUTION OF 
NAVAL ARCHITECTS. 
(Concluded from page 473.) 


THE eighth and last paper presented at the 1949 
Spring Meeting of the Institution of Naval Archi- 
tects was delivered by Mr. 8. Archer, B.Sc., on the 
afternoon of Friday, April 8, and was entitled 
“ Screwshaft Casualties—The Influence of Torsional 
Vibration and Propeller Immersion.” The meeting 
was held jointly with the Institute of Marine 
Engineers. 

ScREWSHAFT CASUALTIES. 

Mr. Archer, who is the senior engineer surveyor 
for research, Lloyd’s Register of Shipping, explained 
that his paper described investigations, extending 
over two years, carried out by the research staff of 
Lloyd’s Register into a number of propeller-shaft 
failures—totalling more than 100 instances within a 
period of three years—in standard ships of the 
“‘ Liberty ” type, and of the Canadian “ Victory ” 
and ‘‘ Canadian” types; the last-mentioned type 
were oil-burning ships. The approximate general 
specification was: length, 416 ft. between perpen- 
diculars ; breadth, 56-9 ft. moulded ; depth, 37-33 
ft. moulded, to upper deck; summer draught, 
27 ft. 9 in.; gross tonnage, about 7,160; dead- 
weight tonnage, 10,000. The propelling machinery 
consisted of a triple-expansion engine with cylinders 
244 in., 37 in., and 70 in. in diameter, by 48 in. 
stroke, using superheated steam at 220 Ib. pressure 
per square inch, and having a rated output in 
service of 2,500 indicated horse-power. The four- 
bladed solid propeller was of manganese bronze, 
18 ft. 6 in. in diameter and with a mean pitch of 
16 ft., and was mounted on a shaft 15} in. in diameter 
in the stern-tube. The single key, in the tapered 
portion of the shaft, was 3} in. wide and 1} in. 
thick. A standard type of rubber sealing ring was 
fitted between the end of the bronze liner and the 
recess in the propeller boss. The investigations 
included the calculation and measurement of 
torsional-vibration stresses, estimation of bending 
fatigue stresses, and consideration of the fatigue 
strength of the keyed propeller assembly. It was 
observed that only one case of shaft failure occurred 
in the coal-burning ‘‘ Ocean ” class of ships, which 
were generally similar to those considered; and 
that this occurred after six years service, in a ship 
which had been converted to burn oil seven months 
before. A racing test was made in a moored 
“Liberty” ship, heavily trimmed by the head. 
The conclusion was reached that the failures 
resulted from a serious reduction in the fatigue 
strength of the shafts, caused by severe over- 
stressing due to insufficient propeller immersion. 

Dr. W. Ker Wilson, who opened the discussion, 
said that the paper provided yet another demon- 
stration of the wisdom behind Admiral D. W. 
Taylor’s famous injunction, that the time for 
pessimism was in the drawing office, not on the trial 
trip. Dr. Wilson described and illustrated a 
somewhat similar trouble which had occurred in the 
coned end of an aero-engine crankshaft. The shaft 
was in nickel-chrome-molybdenum steel (S11), the 
hub was of carbon steel (S76), and the key was of 
nickel steel (S69) or carbon steel (S24). The 
diameter of the shaft was 2 in. at the larger end of 
the cone, which was about 2 in. long, with a taper of 
1 in 10. The prototype engines successfully 
completed their acceptance tests, but, when the 
production models went into service, fatigue failures 
of the coned end occurred. The fatigue cracks 
invariably originated at the relatively sharp edge of 
the keyway and there was also evidence of appreci- 
able fretting between the hub and the shaft in the 
region containing the starting point of the crack. 
Seven failures were experienced in about a year. 
Therefore, the keyway was milled parallel to the 
taper, to provide a somewhat stronger shaft section 
at the larger end of the cone ; the narrow slot for the 
tab of the retaining-nut locking washer was elimi- 
nated, to remove one source of stress concentration ; 
a flat was milled at the top end of the keyway to 
prevent fretting between the hub and the shaft ; 
and the included angle of the conical core in the 
hub was made slightly smaller than that of the shaft 
cone, to ensure that the hub gripped the larger 





end of the cone before contact was made at the 
smaller end, and so to avoid initial siackness of 
fit between the hub and the shaft. After those 
changes were made, several thousand engines were 
put into service and there was no repetition of the 
early failures. In the latest designs, the coned end 
had been abandoned in favour of a splined end with 
the hub located concentrically by a narrow conical 
collar at each end of the spline. 

Referring to the author’s illustration of the details 
of the “Liberty” propeller shaft, Dr. Wilson 
suggested the provision of a flat at the top end of 
the keyway, to prevent fretting, and of well-formed 
radii on the edges and corners of the keyway ; that 
there should be a slight differential fit between the 
hub and the shaft cones, to make sure that a good 
fit was obtained; an undercut at the larger end 
of the cone, with an overlap for the shaft liner and 
the hub, to prevent a fatigue crack from starting 
in what would otherwise be regions of heavy clamp- 
ing pressure; an improved rubber seal, of which 
he showed three designs ; and a plain counterbore, 
with well-formed edge radius, to receive the tap 
bolts which secured the key and so to reduce the 
risks of cracks in that region. He thought that 
one of the most effective governors was an exhaust 
steam turbine. 

Mr. A. R. Gatewood, in a written contribution, 
referring to an examination of the records of 54 
“Liberty ’-type tankers, to ascertain the signifi- 
cance of insufficient propeller immersion, noted that 
the vessels were fitted with engines, shafting and 
propellers of the same design as the dry-cargo 
ships, but they were not usually operated in the light 
condition. On those tankers, 81 propeller shafts 
were drawn for examination and 17 were replaced 
for various reasons, nine of them because of cracks 
in the keyway; but, in that group, no propellers 
were lost at sea. It did not appear, therefore, that 
insufficient propeller immersion was the primary 
cause of failure, though it might be a contributing 
cause. The author’s investigation of propeller- 
shaft stresses during racing had done much to clarify 
the significance of that type of loading ; there was 
no doubt that repeated heavy overloads caused by 
racing might start a fatigue crack, which could then 
propagate at normal service loading. In an 
attempt to assess the imporfance of that factor, 
the records of ‘‘ Liberty ” ships fitted with governors 
of a particular design were examined. Those 
governors were actuated by water pressure, not by 
overspeeding, and were designed to operate before 
the propeller emerged from the water. From the 
records of 161 vessels so fitted, it was found that 
24 typical propeller-shaft failures occurred after 
the governors were installed. In five cases, the 
propellers were lost at sea, and in the other 19 cases 
the shaft was condemned because of cracks at the 
forward end of the keyway. In three cases, new 
propeller shafts had been fitted when the governors 
were installed, or immediately prior thereto; and 
in two cases, the shafts had been drawn for examina- 
tion when the governors were installed. It might be 
inferred that racing was not the principal factor in 
those failures. In all the “ Liberty” ships classed 
with the American Bureau of Shipping, only nine 
crankshafts failed by loosening of the shrink fit. 
Those considerations, coupled with the practical 
difficulties of altering ballasting conditions, led 
the Bureau to reduce the engine speed to 66 r.p.m. 
under all loading conditions, unless alterations were 
made to the main propulsion system which effec- 
tively removed the third-order critical from the 
operating range. 

Dr. S. Livingston Smith said that the author 
had made a good case for paying more attention 
to propeller immersion in the ballast condition. 
Noting the difficulties of assessing the relative 
strengths of round-ended and “sled-runner ”’ t 
of keyway under fatigue loading, he said that the 
fatigue tests of Thum and Peterson afforded some 
guidance to the designer, but, as the author had 
pointed out, their results suffered from numerous 
limitations when applied to a full-size shaft. He 
asked whether the author’s experiments were made 
with the torque applied through the stress concen- 
tration, or with the stress concentration in the middle 
of the shaft and the torque applied at the end ; the 
results would certainly be different in the two cases, 





Lloyd’s Register were making a comprehensive 
investigation for the British Shipbuilding Research 
Association on the torsional-fatigue strength of 
full-size shafting, and the relative strengths of round- 
ended and sled-runner keyways was one of the 
problems to be examined. With regard to the 
author’s calculations of the relative strength of the 
shrink fits of the after low-pressure crank webs in 
two different installations, Dr. Livingston Smith 
thought that his figures would give a reasonably 
true picture of the relative strengths, but that his 
absolute values could only be approximate. The 
Royal Technical College had been investigating 
that problem for the British Shipbuilding Research 
Association, and they hoped to place the design of 
shrink fits upon a more rational basis. The ex- 
periments had included tests on full-size marine- 
engine crankshafts. The small-scale experiments 
had shown that there was a zone of uncertainty 
of shrink-fit allowance where it appeared the elastic 
limit was exceeded and yielding and subsequent 
plastic flow occurred in the bore of the assembly ; 
further, the shrink fit used with full-size crankshafts 
appeared to correspond with the zone of uncertainty 
as determined in the small-scale tests. The ex- 
periments were carried out under static loading 
conditions ; little or nothing was known about 
the effect of pulsating load conditions, such as 
occurred in crankshafts and, therefore, experiments 
were being made under such conditions. 

Professor L.. C. Burrill said that it was evident 
that there was some torsional critical present in the 
ships concerned ; thus the first replacement pro- 
pellers were made so that they developed the 
necessary power at 87 r.p.m. Many of them had 
been in service now for 2 to 2} years, and so far 
as he knew they had been perfectly satisfactory. 
The American Bureau of Shipping had suggested 
reducing the revolutions to 66 per minute, The 
manufacturers had designed propeilers, about 30 of 
which had been fitted, which developed the full 
power of 2,500 to 2,600 indicated horse-power at 
65 to 67 r.p.m. The propellers were a little larger 
than the originals ; and a better optimum diameter 
could be obtained with a bigger screw. Despite 
that, the weight of the displacement propeller was 
half a ton less than that of the original propeller ; 
and, having altered the radial distribution of thick- 
ness, they had managed to reduce the radius of 
gyration, so that the mass moment of inertia of the 
entire propeller working at 66 r.p.m. was about 
83 per cent. of inertia of the original propeller. 
The engine builders had said that the engine could 
be run at 66 r.p.m. for the full power, if some slight 
change were made in the cut off. That appeared to 
be the better solution, in that the engine had been 
made to take the higher torque, the screw was 
running slower, from the propeller designer’s point 
of view it was more efficient, and the smaller 
moment of inertia of the propeller put up the 
natural frequency. Professor Burrill felt that neither 
the solution from the United States (that it was 
torsional vibration) nor the solution from this side 
(that it was the immersion of propellers that was 
the root cause of the trouble) was the correct one. 
The sealing devices on the propellers constituted 
an important factor, and another matter which had 
not been considered was the fact that the tapers 
of the shafts were not always accurate. 

Mr. J. M. Murray said that the author had made 
a strong case for racing through insufficient immer- 
sion in the ballast condition being an important 
factor. He was not sure, however, that it was 
proved to be the primary factor. The introduction 
of the remedies mentioned in the paper had evidently 
done much to reduce the number of cas ualties, and, 
unless there were a severe recrudescence of failures 
in the ships to which those remedies had been 
applied, it might be concluded that lack of immersion 
was only one of the factors. Figures in the author’s 
table showing the ballast draughts when leaving 
port indicated that, in many cases, a considerable 
improvement could be effected by increasing the 
draughts, and not only from the point of view of 
the stresses on the propeller shaft. As to the 
analysis of ballast conditions, Mr. Murray suggested 
that, to obtain better water-ballast capacity, it 
would be preferable to increase the size of the 
No. 3 deep tank rather than to build tanks at the 
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sides of No. 5 holds. Large hogging moments in 
the ballast condition should be avoided. Referring 
to a graph showing the engine speed during the 
test on the Bendoran, he said the pause at 80 r.p.m. 
where third-order vibration occurred, coincided with 
the ship itself passing through the hull critical. 
Severe hull vibration was induced. 

Mr. J. Nicolaisen referred to some work he had 
been doing in the development of a torsional vibra- 
tion damper for “‘ Liberty ” ships’ propeller shafts. 
He had evolved a comparatively inexpensive means 
which was rather different from the conventional 
methods, and it was being tested at different 
draughts. The tests were not completed, but it 
seemed likeiy to effect appreciable reduction of 
stress when propellers were partly out of the water. 

Mr. G. Daniel, dealing with the point that the 
failures were more likely to occur in the ballasted 
condition than in the loaded condition, suggested 
that that deduction did not appear to be conclusive 
and, as Mr. Gatewood had mentioned, it did not 
seem to appeal to naval architects in America. 
A matter which gave him some concern, however, in 
connection with ballasting, was the rather vague 
or crude attitude in defining exactly the ballast 
condition which was desired. There were some 
who wanted, perhaps, 75 per cent. of the propeller 
immersed ; others thought that 80 per cent. should 
be immersed ; and others urged that there should be 
full immersion. It seemed, therefore, there was a 
lack of scientific information regarding the proper 
propeller immersion for service in cargo vessels ; 
and he suggested that research might be undertaken 
to ascertain the most practical and satisfactory 
immersion of the propeller when the ship was in the 
ballast condition. Fuel consumption was one, and 
it might not be possible to solve the matter by 
purely mathematical investigation; failing that, 
it might be possible to carry out some tank tests, 
and if they were not conclusive, perhaps tests could 
be made on ships at sea. 

Captain J. Morris considered that the problem 
was one affecting the combination of the engine and 
the propeller ; so long as these were kept distinct, 
the problem would not be solved. In some aircraft, 
a considerable inter-action was found between the 
crankshaft and propeller. In any system where 
there was intense vibration, it was usually due to 
a combination of a number of parts of the system ; 
but in the work to which he referred, a solution 
was reached eventually which took into account 
the flexibility of the propeller, and the number 
of failures was reduced because they were able to 
master the parameters and the unknowns. He 
wondered whether anything similar could be done 
in marine work. 

Mr. J. Jarvie said that the author had reached the 
conclusion that the failures in American “ Liberty ” 
type and similar vessels were primarily the result of 
insufficient propeller immersion in the ballast con- 
dition. The engines of such ships were not usually 
fitted with governors, and in seeking an explanation 
for his immunity he might well be excused for feeling 
a little self-satisfied. Actually, he had had something 
to do with that immunity; he knew under what 
conditions to link up and stand by his throttle. 
Of even greater importance, perhaps, was the fact 
that his ship was engined in a British yard; the 
propeller key was carefully fitted and the propeller 
was tried and tried again on its cone to ensure that, 
if there were any tightness, it would be at the top 
of the cone and not at the small end of the shaft. 
That care meant a great deal in the life of a shaft. 
It was no great exaggeration to say that the fitter 
who discarded his scraper or file and drove the 
key into its bed with a 4-lb. hammer did, at that 
instant, break the shaft. Within the past six 
months he had seen a shaft break because the 
propeller had been driven hard on to the end of 
the cone and was barely gripping at the top. 
Under war conditions, hundreds of propellers were 
mass-produced, machined to a standard gauge or 
template and pushed on to any shaft ; that practice, 
with negligible fillets in keyways, indifferently fitted 
keys and bad sealing, he thought to be the main 
causes of ultimate failure. The quality of the material 
was not in doubt. With a propeller properly fitted 
on cone and key, the elimination of all stress raisers 
such as badly-shaped keyways and marks on the 








skin of the shaft, and perfect sealing (which was 
very important, because, if sea water had access 
to a stressed shaft, the endurance limit of the ma- 
terial was reduced), there would have been no 
unusual spate of shaft failures, so long as care 
were taken to prevent extreme racing. There was 
a record of at least one shaft failure which had 
occurred at the reduced speed of 68 r.p.m., which 
proved that, if the shaft had been damaged by very 
high vibratory stresses during extreme racing, even 
for the shortest of periods, the ordinary torsion and 
bending in any propeller shaft would finish the job. 
Mr. Archer, replying to the discussion, referred 
first to the avoidance of stress raisers and agreed 
with Dr. Ker Wilson that the marine propeller 
shaft could possibly be improved in that respect ; 
but he felt that it would require most careful tests 
on a large scale. The common commercial type of 
governor had obvious limitations, in that it often 
shut the stable door after the horse had escaped. 
Dr. Ker Wilson’s suggestion to fit an exhaust 
turbine was a promising one, and might be left 
to the superintendent engineers to consider, because 
he felt that they might be able, not only to protect 
their shafts, but also to improve the efficiency. 
It seemed hardly possible to assess the weight of 
Mr. Gatewood’s evidence without having further 
details of service conditions ; for example, tankers 
liked to discharge their ballast before they arrived 
in port, and, perhaps for some hours, the vessels 
were very light. The weather off the American 
eastern seaboard could be severe at times, and 
damage might be done in that short time. Also, 
there might be corrosion fatigue, and possibly 
stress raisers of some kind. In connection with the 
effect of shrinkage-fit allowance, and Dr. Living- 
ston Smith’s point that, apparently, there was 
plastic flow in marine shafts, Mr. Archer pointed 
out that the allowances adopted were the result 
of years of practical experience ; and he felt that 
experience was the best mentor in such matters. 
Regarding Mr. Murray’s feeling that more experi- 
ence should be obtained of speed reductions before 
deciding what was the cure for shaft failures, Mr. 
Archer added, those recommendations had been in 
operation for about 12 months, and sufficient in- 
formation had been gathered to show that the 
avoidance of the third-order critical was having an 
effect. At the moment he understood, only about 
60 per cent. of the original fleet was in operation ; 
and the weather during 1948 had not been so 
severe as in 1947. He was not in a position to 
argue with Mr. Murray concerning the relative 
advantages of increasing the length of the deep 
tank, or the fitting of the deep tank abreast the 
funnel; but he understood that such tanks were 
fitted in a number of vessels in the British emer- 
gency programme and were completely successful. 
Congratulating Mr. Nicholaisen on his initiative and 
courage in applying a special damper on a “ Liberty” 
ship, Mr. Archer said it was important to ensure 
that the securing arrangements were adequate to 
deal with the high second-order stresses which 
might be imposed on the damper. While supporting 
Mr. Daniel’s remarks, Mr. Archer thought that tank 
tests would not be sufficient in themselves to prove 
what was the optimum propeller immersion, and he 
doubted whether the stress condition in the pro- 
peller shaft could be reproduced in a tank; sea 
conditions were the best criteria of that. Acknow- 
ledging Captain Morris’s remarks, Mr. Archer said 
that he did not feel that propeller flexibility entered 
into the problem, as there had been no doubt as 
to what was the critical speed; and he did not 
know of any appreciable number of propeller blade 
fractures. There was no fundamental difference 
of opinion between the two sides of the Atlantic ; 
they were endeavouring to work as one. Replying 
to Mr. Jarvie, Mr. Archer said that he had seen 
how the ‘ Liberty ” ships raced in heavy weather, 
and had spoken to the masters and engineers of a 
number of them; there was evidence that that 
class of vessel was unusually prone to heavy racing. 
Hand fitting and attention to machining in the 
propeller assembly were details of the utmost import- 
ance, to which too much attention could not be paid. 
He had no information about the steel used, beyond 
that given in the paper, but did not think that its 
quality could be a prime cause of the trouble. 








THE IRON AND STEEL 
INSTITUTE. 
(Concluded from page 475.) 


WE conclude below our report of the annual 
general meeting of the Iron and Steel Institute, 
held in London on April 27 and 28, and now deal 
with the proceedings at the last session, namely, 
that of Thursday morning, April 28. 


CHARGING OF OpEN-HEARTH FURNACES. 


The first two papers on the agenda were jointly 
discussed. The first of these contributions was 
“The Charging of Open-Hearth Furnaces by 
Present Methods,” by Mr. E. L. Diamond and 
Mr. A. M. Frankau, and the second, “‘ The Influence 
of Heat Transfer on Open-Hearth Furnace Charging 
Rate,” by Mr. M. W. Thring. All three authors 
are on the staff of the British Iron and Steel Research 
Association. In presenting their paper, Messrs. 
Diamond and Frankau said that for quickest melting 
time the open-hearth furnace should be charged at 
an even rate continuously maintained over the 
charging period, and not intermittently at a higher 
rate. Existing types of charging machines were 
able to charge at a rate faster than could be accepted 
by furnaces of present design, without becoming 
choked, and, in practice, charging was always 
carried out intermittently. The fixed charger, 
taking pans from bogies running on a stage-railway 
immediately in front of the furnaces, could charge 
at the rate of two pans a minute, whereas the 
rotating charger operated at an overall rate of 
rather less than one pan a minute. Empty pans, 
however, could be replaced on the bench without 
interrupting the rotating charger, whereas the fixed 
charger, when the maximum number of furnaces 
was charging, must wait while rakes of empty 
bogies were replaced by rakes of loaded bogies. 
The net result was that the minimum charging time 
for the fixed charger was only about 20 per cent. 
shorter than that for the rotating charger. On the 
basis of an overall loading rate of 0-43 ton per 
minute, which was representative of existing prac- 
tice, the number of magnet cranes should equal the 
number of chargers in both the stage-railway and 
the bench systems. Apart from the question of 
capacity, every advantage in capital cost, cost of 
maintenance, cost of power and freedom from 
incidental delays, lay with the bench system, which 
eliminated the daily movement of hundreds of tons 
of dead weight in the form of pans and bogies over 
ee distance that might amount to several 
miles. 

In the second paper, on the influence of heat 
transfer on open-hearth furnace charging rate, Mr. 
Thring said that it was often suggested that the 
melting period in the open-hearth furnace cycle 
could be considerably shortened if the charge could 
be passed into the furnace more rapidly. In a 
series of laboratory experiments to investigate this 
subject, paraffin wax had been used, and, in order 
to obtain crudely approximate geometrical simi- 
larity with the open-hearth furnace, elliptical pie 
dishes had been employed. A longitudinal electric 
heater resting on the rim of the pie dish provided 
a source of radiation. The most important con- 
clusion arrived at as a result of the investigation 
was that differences between methods of charging 
arose from the extent to which they caused deviation 
from the ideal melting rate which occurred when 
two conditions were satisfied. The first was that 
the roof should be maintained at the safe maximum 
temperature the whole time. The second condition 
was that the heat absorbed in the charge should 
never have to pass through a thermal resistance. 

The investigation had shown that the total 
melting time, as opposed to the charging time, was 
related to the speed with which the charge was 
inserted into the furnace only when either (a) the 
charge was inserted too fast, causing excessive 
cooling and reduction in the gross downward heat 
flow ; or (b) the charge was inserted so slowly that, 
in fact, all the useful melting which could be done 
in the charge already in, had been done and the 
furnace was being held. The application of these 
tests to furnaces which were equipped with fuel-flow 
and roof-temperature recorders would reveal the 
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extent to which an increase in the possible charging 
rate was desirable. 

Dr. A. H. Leckie, who opened the discussion, 
said that he would like to ascertain the possible 
reasons for the very widespread opinion that 
materials should be charged into a furnace as 
quickly as possible, an opinion with which his 
colleagues appeared to be in some disagreement. 
He would like to support them, however, in saying 
that it seemed a little unfair to condgmn bench- 
charging systems on the score of their inability to 
handle materials for some of the existing shops. 
In a great many shops the production had been 
increased by 75 per cent., or more, for the same 
number of furnaces since the shop had been built. 
He wondered whether, in all studies of charging, 
due weight had been given to the human factor. 
In model or chart working, chargers were driven at 
a set speed, but was it possible to guarantee the 
same consistency of performance on the part of 
the drivers of the chargers? The crux of the 
argument on Mr. Thring’s paper was that it was 
useless to put in the charge faster than the heat- 
transfer rate would permit. In other words, what 
was gained in charging time through continuing to 
charge after the furnace temperature had begun 
to drop was liable to be lost in subsequent melting 
time owing to cooler roof and regenerators, and a 
general slowing up of the furnace. Undoubtedly 
this must be considered, but, perhaps Mr. Thring 
had tended to under-estimate the effect of con- 
vection in his calculations. 

Mr. H. C. Wood said that even to-day the quan- 
tity of scrap charged per box was remarkably low. 
The question of the use of larger charging boxes 
had received considerable attention, but, even then, 
it would seem that, at the most, only about 2 tons 
of light scrap could be got into a box of, say, 
70 cub. ft. capacity. The difficulty of getting the 
charging boxes up on the bench quickly enough and 
the empties removed might be surmounted by the 
use of box-lifting cranes of greater capacity. A 
form of charging machine which had been designed 
by the Wellman Engineering Company, of Cleve- 
land, Ohio, U.S.A., was of interest in that it was 
what might be termed a broadside pan charger. 
The furnace had to be designed in such a manner 
that its front wall carried a continuous line of 
doors capable of being raised simultaneously. The 
cradle of the machine which carried the loading pan 
was run into the furnace the full distance. Retrac- 
tion was then commenced at once and during this 
movement the floor of the pan was caused to roll 
underneath the pan frame, thus depositing the charge 
uniformly over the furnace hearth. The rear of the 
pan remained stationary, and after the entire charge 
had been deposited on the hearth in a layer of 
approximately uniform thickness, and while re- 
traction was going on, the pan floor was rolled back 
to the upper side of the pan frame. 

Dr. J. E. de Graaf said that a theoretical treat- 
ment of the problem dealt with by Mr. Thring was 
useful even if a complete theory could not be given, 
because theoretical guidance in experimental work 
was highly desirable. He agreed with Dr. Leckie 
that the heat transfer by convection should not be 
neglected entirely. The next speaker, Mr. R. W. 
Evans, stated that there were furnaces and shops 
in this country where, undoubtedly, the slewing 
charger would give adequate charging capacity, 
but where it was necessary to charge furnaces 
quickly it did appear to be a natural consequence to 
install a fixed charger and to design the scrap-filling 
and transport sections of the system to keep such 
a charging machine supplied. Another factor which 
must be considered in the case of bench-charging 
was that any breakdown of the magnet loading or 
box-lifting crane soon made its presence felt. 

Dr. T. P. Colclough said that there was no one 
answer to the question of charging. In shops in 
which there was a limited amount of scrap to charge, 
there was no question but that the bench system 
using the revolving charger would do the work. 
When heavy proportions of scrap were involved, it 
was necessary to consider the American stage- 
railway procedure. Finally, there was the question 
of the wisdom of spending so much money and 
time in handling extremely light material. Time 
should be devoted to ways and means whereby the 








light heterogeneous scrap which had to be used 
could be charged into a more suitable form for 
handling in the melting shop. In this connection, 
special attention might be paid to the question of 
the design of scrap presses. In 1942, steelmakers 
had been inundated by extremely large quantities 
of light turnings, and the average contents of 
charging boxes in some melting shops had fallen 
to 6 cwt. or 8 cwt., and steel production was suffer- 
ing. The problem had been tackled by the installa- 
tion of turning chipping machines and this scrap, 
from being a drug on the market, had become good 
melting material. Light turnings which previously 
gave a box weight of 8 cwt., after being put through 
a cutting machine, gave a box weight of over 3 tons. 
The next speaker, Mr. S. Weir, asked Mr. Thring 
whether he thought that his work, employing a 
constant source of radiant heat on a homogeneous 
substance, having a precise melting point, which 
underwent no chemical action within itself or with 
the atmosphere on melting, entitled him to draw 
conclusions concerning the time and sequence of 
charging an open-hearth furnace with the hetero- 
geneous mixture which had to be handled. The 
last speaker, Mr. W. A. Johnson, said that light 
scrap bundled to a bulk density of about a quarter 
of solid, namely, about 120 lb. per cubic foot, had 
been found advantageous. If this bulk density 
could be increased, the overall efficiency of the 
movement of material might be increased by as 
much as 50 per cent. 

In a brief reply, Mr. E. L. Diamond emphasised 
that they had envisaged not one rotating bench- 
charging machine at one point on the stage, but 
that there should be a row of them along the stage. 
He cordially agreed regarding the future of pressing 
light scrap. Mr. M. W. Thring, in replying to the 
discussion on his paper, agreed that he had neglected 
convection, but maintained that it did not affect 
the argument as much as some people had suggested. 
The main conclusion arrived at was that it was 
better to charge until the roof cooled to a certain 
figure below its maximum. What that figure was 
could be determined only by statistics. If convec- 
tion had been taken into account, the answer would 
still have been an empirical one. 


Layout oF INTEGRATED WORKS. 


“The Layout of Integrated Steelworks in Great 
Britain,” by Mr. H. H. Mardon and Mr. J. 8. 
Terrington, of the British Iron and Steel Research 
Association, was the last paper submitted. The 
authors stated that the criterion by which a layout 
could be judged was the extent to which it permitted 
efficient handling of materials between the unit 
processes and the efficient working of the processes 
themselves. They had accordingly made a detailed 
survey of 16 of the most important integrated iron 
and steel works in this country. The result has 
been to throw into relief a number of problems for 
further investigation, and several favourable and 
unfavourable factors which were not always con- 
sciously considered in site selection. Some of the 
factors reviewed were topographical features and 
features affecting future expansion; strata; the 
approximate shape of the site ; access ; disposition 
of buildings, plant and ancillaries; raw-material 
handling and stocking; internal transport and 
disposal of slag, works rubbish and ash, as well as 
the manufactured product. Local details in any 
iron and steel works were so complex that precise 
rules could not be laid down to suit all conditions, 
but some general inferences could be drawn. The 
authors emphasised, for example, the importance of 
ensuring an ordered flow of materials through the 
works, and the desirability of a regular shape was 
stressed, with the necessity of disposing the indi- 
vidual items of buildings and plant, etc., at right 
angles or, preferably, parallel to defined axes of 
the whole works. As a corollary of this, adequate 
arrangements must be made for extensions and 
alterations, should they become necessary, without 
destroying the balance and efficiency of the plant. 
Conditions in many of the 16 works investigated 
had become unfavourable as a result of changes in 
process and rate of throughput. The pattern of the 
works-railway system was seen to determine the 
features of the layout, so that the works must be 
built round the railway system. The authors, 





therefore, suggested that, of the numerous aspects re- 
quiring detailed quantitative analysis the most 
important was a traffic survey of representative 
works. 

Mr. W. B. Baxter, who opened the discussion, 
stated that among the factors which had to be 
borne in mind in dealing with plent layout, two 
should be emphasised particularly. In the first 
place, the steel industry of this country was not a 
new industry, and, therefore, it was seldom possible 
to achieve idea] layouts on new sites. The second 
consideration was that attention must be paid to 
the needs of the working population who made the 
industry possible. The next speaker, Sir William 
Larke, K.B.E., in the course of reminiscences drawn 
from his long experience, said that processes should 
be reviewed from time to time, because, even if a 
works layout were satisfactory at the beginning, 
it must be remembered that in course of time 
different departments improved their efficiency 
and some, for physical or other reasons, were 
able to improve it more rapidly than others. As a 
result, the works was thrown out of balance and 
did not produce as efficiently as it would if the 
balance were restored. 

Major W. R. Brown said that insufficient em- 
phasis had been laid by the authors on what could 
be done to improve an otherwise unpromising site. 
Modern ingenuity and modern appliances opened 
up this field to the present generation far more than 
it had been opened up to the generations who had 
planned the works shown in the paper. An example 
of what was almost an ideal scheme for a blast fur- 
nace was furnished by an overseas concern. There, 
for two plants, all the materials came from one mine 
of rich ore. A preparation plant had been put in 
at the mine and this consisted of primary crushing, 
secondary crushing, wet screening and bedding 
installations and apparatus for the concentration of 
fines. From that plant the materials arrived at the 
blast-furnaces in 50-ton hopper wagons, in the form 
of 2-in. lumps, l-in. lumps and concentrated fines. 

The last speaker, Mr. E. R. S. Watkin, said that 
the most important principle in plant siting and 
design was that of simplicity and compactness. 
The second important principle was that care should 
be taken that all shunting be done with the loco- 
motive at the same end of the train. As far as 
trackwork was concerned, the 600-ft. radius, if 
carried out extensively, gave a very spread-out 
plan was wasted space. A good radius was 340 ft., 
and it corresponded to a good crossing angle. 

Mr. J. S. Terrington, who replied very briefly, 
stated that by a method of trial and error he and 
his colleague had attempted to get an exhaustive 
number of variations, but they realised that there 
were possibly others and they hoped that papers 
by other authors would bring out these points. 
Their paper was simply en introduction to the 
subject. The improvement of existing sites must 
be dealt with in a new paper. Before declaring the 
discussion and the session closed, the President said 
that, at a later date, an effort would be made to try 
to arrange a joint meeting at which this paper could 
be further discussed. 


MemsBers’ LUNCHEON. 


The meeting was terminated by a luncheon held 
at the Dorchester Hotel, Park-lane, London, on 
April 28. The toast of ‘‘ The Iron and Steel Institute 
and Industry” was proposed by H.E. M. Per 
Prebensen, the Norwegian Ambassador, who spoke 
of the post-war recovery of Norway. The President, 
Sir Andrew McCance, F.R.S., in the course of his 
reply, said that the economic salvation of Great 
Britain lay in the efficiency of her industries. In 
spite of the fact that replacement and reconstruction 
schemes had had to be postponed until the end of 
hostilities, the iron and steel industry, in the past 
three years, had increased its output by a million 
tons a year. The members of the Institute had 
every reason to be proud of this achievement. 
The industry owed its -war success to close 
collaboration between technical knowledge and 
skilled management, and to the fact that there 
existed good relations between all sides of the 
industry. The toast of the guests was proposed by 
Mr. G. H. Latham and replied to by Sir Charles 
Darwin, K.B.E., F.R.S. 
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THE BRITISH ELECTRICAL AND 
ALLIED MANUFACTURERS’ 
ASSOCIATION. 


Tue annual report of the British Electrical and Allied 
Manufacturers’ Association, 36, Kingsway, London, 
W.C.2, for 1948-49, summarises the activities of the 
various sectional and technical committees during the 
year, and describes the steps taken to assist trade 
missions and to co-operate with Government depart- 
ments, and bodies having similar or kindred interests. 
Although, on the whole, the report is optimistic in tone, 
it records that trading conditions at home and overseas 
generally tended to become more difficult, and warnings 
are given regarding the increasing need for more 
Sees plant at home, and regarding 
the harmful effects on export trade of recent trade 
restrictions imposed not only by foreign countries, 
but also by the governments of Canada and the Union 
of South Africa. For instance, the Canadian Exchange 
Conservation Act bars the importation of numerous 
items of domestic electrical equipment, and the South 
African Government, which prohibits the importation 
of electric razors, toasters and coffee percolators, is, 
apparently, considering further restrictions. Other 
countries operating import controls, either in the form 
of licences, exchange regulations, or quantitative 
restrictions, include Argentine, Brazil, most of the other 
South American republics, nearly all the European 
countries, as well as the Belgian Congo, China and the 
French Colonial Empire. These controls offer “ grave 
difficulties ” to British trade and to the achievement 
of the desired export targets. 

Although the home and overseas demand for capital 
equipment has enabled full order books to be main- 
tained during the year covered by the report, there 
was a substantial decline in the demand of the home 
market, due to limitations in the use of electricity, 
and to the operation of the purchase tax. Repre- 
sentations were made to the appropriate authori- 
ties, but some manufacturers found it difficult to 
maintain sufficient quantity production to support 
their export trade against increasing world competition 
and overseas restrictions. The revival of German 
and Japanese industry was also a factor in the situation. 
The shortage of suitable man-power, = 
draughtsmen, continued, and was intensified by the 
drift of some highly trained staff and key personnel 
from the electrical manufacturing to the nationalised 
industries. This not only threw an overload on the 

schemes of member firms, but also offset 
additional output, which would have been obtained 
otherwise. Despite these difficulties, the value of elec- 
trical equipment exported during 1948 was the highest 
ever recorded, being 106,261,000/., compared with 
76,775,0001. in 1947 and 22,732,000/. in 1938. 

There is still an urgent need for electrical-generating 

lant at home. During 1948, member firms dispatched 
Fos their works, generating equipment with a total 
capacity of 1,110 MW, of which 724 MW was for the 
generating stations of the British Electricity Authority 
and the remainder for export. The Authority, how- 
ever, were unable to accept delivery in all cases, since 
sites and power stations were not ready—a point 
sometimes overlooked by the public. Some of the 
plant, therefore, has had to be stored in order to free 
the manufacturers for continued production. Hitherto, 
commissioning dates for generating units have been 
fixed by the Ministry of Supply in consultation with 
the Ministry of Works and the British Electricity 
Authority. This summer, however, the Authority is 
to take over from the Ministry the supervision of the 
work in hand, and thereafter the Ministry’s concern 
will be limited to the control of materials. 

During the year, the joint committee of the British 
Engineers’ Association and the British Electrical and 
Allied Manufacturers’ Association was strengthened by 
the addition of members of the Society of British 
Aircraft Constructors. Among the questions reviewed 
were the Federation of British Industries’ Report on 
Prices and Profits, the Monopoly Enquiry and Control 
Act, the Iron and Steel Bill, and the activities of the 
Ministry of Supply’s Standardisation Committee under 
the chairmanship of Sir Ernest Lemon. The Council 
felt it undesirable to renew the undertaking given to the 
Chancellor of the Exchequer concerning the dividend 
limitation, particularly in view of wage increases 
granted during the year; and they considered that 
member firms should be free to decide their own divi- 
dend policy. Matters reviewed by the various technical 
committees included are welding, cooker units and 
domestic électric appliances, standard dimensions for 
fractional horse-power motors, high-voltage bushings, 
industrial capacitors, meters, mining and flameproof 
enclosures, resistance-welding machines, switchgear 
and transformers, and industrial high-frequency heating 
equipment. Discussions have also taken place on 
the question of impulse voltage testing, and a new 
committee has been formed to study existing practice 
with surge diverters. 


LABOUR NOTES. 


THE pro of the executive council of the Con- 
federation of Shipbuilding and Engineering Unions for 
a new wage structure for the engineering industry 
were accepted by a four-to-one card vote at the 14th 
annual conference of the Confederation, which was held 
in Belfast from May 17 to 20. The council’s recommen- 
dations, which would affect some two and a quarter 
million employees in the industry, were aimed at 
simplifying the existing wage system. They suggested 
raising the minimum wage for labourers in the industry, 
from the present 41. 12s. a week to 41. 16s. a week, 
and that for skilled craftsmen to 61. weekly, thereby 
providing for a differential of nearly 30 per cent. on 
the labourers’ minimum rate. The proposed scheme 
‘would introduce six grades, to allow for increases of 
skill and responsibility, instead of the existing four. 





Mr. Jack Tanner, of the Amalgamated Engineering 
Union, chairman of the subcommittee which was 
responsible for the proposals, stated that, in the 
opinion of the executive council of the Confederation, 
it was most desirable that a new and simplified wage 
structure, involving the consolidation of the basic rate 
and bonus, should be provided. He stated that most 
skilled occupations for the machinery industry in the 
United States allowed for differences between the 
labourer and skilled-craftsman grades of from 50 per 
cent. to 60 per cent. The margin was over 70 per cent. 
in the case of the tool and die-making industry. Answer- 
ing criticism that the proposed new wage structure was 
an attempt to increase the differential between the 
labourer and the skilled craftsman, Mr. Tanner said 
that it was clearly the intention of the scheme to do 
this. The existing margin of 15s. was much too low. 
Mr. J. Leask, of the Transport and General Workers’ 
Union, deplored the introduction of six grades of skill 
in place of the existing four. The existing division, 
Mr. Leask stated, had worked satisfactorily. 





Nationalisation, as was to be expected, also engaged 
the attention of the annual conference. At the Wednes- 
day session, a resolution, which called upon the execu- 
tive council of the Confederation to make an examina- 
tion of the principal sections of the engineering industry 
and to decide which of these were ready for nationalisa- 
tion, was passed without discussion. This resolution 
also asked the council to consider whether sections of 
the industry, which might not be suitable for direct 
State control, could be brought under the supervision 
of Development Councils, or, alternatively, be made 
responsible to non-legal advisory bodies representative 
of both management and labour. At the same session, 
a resolution was approved, by a very large majority, 
asking for a review of appointments to the manage- 
ments of the nationalised industries and for a revision 
of “salaries at top level, which are considered to be 


extravagant.” 


It was the turn of shipping and shipbuilding on 
the third day of the conference, when a report of the 
shipbuilding and ship-repairing subcommittee was 
presented to the conference by Sir John Stephenson. 
The report stated that the Confederation’s policy was 
set out ina memorandum to the Trades Union Congress 
and the Labour Party, which was drawn up after a 
meeting of the executive council of the Confederation 
with representatives of those bodies. The memorandum, 
which was quoted in the subcommittee’s report, con- 
tended that the long-term interests of shipbuilding 
and marine-engineering employees were “in no way 
at variance with the public interest,” and went on to 
state that “the general instability in the industry, 
together with the predominance of private interests, 
tended towards restrictive arrangements and the 
inefficient employment of resources,” so that the public 
interest in an industry which was vital to the country’s 
economic welfare was jeopardised. The memorandum 
added that the chief problems which faced the marine 
industries were the fluctuations in the volume of world 
trade, the need for re-organising the shipping facilities 
of Britain’s estuaries, and the inevitability of the 
contraction of the shipbuilding and ship-repairing 
trades during the next few years. 








Sir John, in moving the adoption of the report, 
which was agreed to, stated that nationalisation had 
never previously been adequately considered by a 
conference of the Confederation, although some unions 
had taken a great interest in the subject and had 
submitted resolutions to the Trades Union Congress 
and the Labour Party. Even so, the subject had only 
been considered in relation to isolated industries. 
When the joint meeting with the representatives of the 
Congress and the Labour Party took place, the Con- 
federation delegates were unable to say with certainty 
what the views of the affiliated unions were, but there 
was strong opposition to any isolation or division of 





the marine industries. Such a course would be 








disastrous. A resolution asking the council of the 
Confederation to prepare plans for the public control 
of the industry and the ultimate nationalisation of 
shipbuilding, ship-repairing, shipping, and major 
marine establishments, was tunel 





Real wages are discussed in an editorial in the May 
issue of the Monthly Trade Report of the United Pattern- 
makers’ Association. Mr. W. B. Beard, O.B.E., the 
Association’s general secretary, writes that the budget 
has given rise to resolutions from their branches and 
has been discussed at various national conferences. 
Men holding quite responsible positions in the trade- 
union movement have pointed to the difficulty of 
restraining applications for wage increases, in spite of 
the fact that such applications would only lead to more 
ae from other unions and make the position 
of the workpeople very much worse. The cost of food 
and other necessities would rise again. The prices of 
our exports would increase, “‘ and this would lead to 
unemployment, for the sellers’ market is passing.” 





The reason given for the dissatisfaction, Mr. Beard 
continues, is the increase in prices, due to the restriction 
of the food subsidies and the failure to reduce the 
purchase tax on certain commodities. He does not 
share the view that relief in taxation to any great extent 
is possible at this stage, for the more the economic 
situation is examined, the greater is the difficulty in 
finding alternatives. The Chancellor of the Exchequer 
cannot be blamed, for he has never raised false hopes, 
but has consistently warned the country of its economic 
position and of the difficulties ahead. ‘‘ The cost of 
social services, for instance, is enormous,” Mr. Beard 
writes, ‘‘ due to many factors, not the least of which is 
the desire of those servicing these benefits for high 
incomes. The result is that the cost is high. In 
addition, the cost of subsidies in February was two- 
thirds of the whole of the revenue from tobacco, beer, 
spirits, entertainments, and purchase tax.” 





He refers to the difficulties which the lower-paid 
workpeople experience when food prices rise, however 
slight the increase may be. He points out that the 
extreme left-wing way of life does not offer a satisfactory 
solution and instances some of the difficulties which 
are experienced by ordinary people in Czechoslovakia, 
for example, in trying to make ends meet. Mr. Beard 
states: ‘ The truth is that the world is paying dearly 
for war. We must endeavour to prevent war and 
build up our economy. There is no easy way to eas 
street. While one can agree that every effort should 
be made to deal with exorbitant profits, let us not 
exaggerate the effect of these on prices. Greater 
efficiency of administration and distribution will no 
doubt make for great saving but the real source of 
wealth is production and that means, in the ultimate, 
capital development, for without this industry would 
stagnate.” 





The attention of the Chancellor of the Exchequer was 
drawn, after the budget proposals had been made 
known, to the difficulty of trade-union leaders in 
restraining claims for wage increases, in view of the 
increases in food prices which would occur in conse- 
quence of the restrictions on subsidies and the absence 
of any abatement of the purchase tax. Subcommittees 
of the Trades Union Congress, which have been studying 
the problem of rising food prices and their effect on 
wages, presented a report to the T.U.C. General Council 
at their meeting on Wednesday last. The subcom- 
mittees feel that much can be done in the way of price 
limitation by controlling profit margins more strictly, 
and by the introduction of more economical means of 
distribution. The matter is now being examined by 
the special economic committee in readiness for the 
meeting of the T.U.C. General Council with the 
Chancellor on Thursday. 





Following the rejection last week by the Railway 
Executive of the new wage claim of the National 
Union of Railwaymen for an overall increase of 10s. 
weekly, the Union decided to press the Minister of 
Labour, Mr. George Isaacs, to bring the parties together 
to try to settle the dispute by direct negotiation as 
quickly as possible. The restlessness of the railwaymen 
has been demonstrated by the token strike, for the 
second successive week-end, of engine drivers and 
firemen of the North-East Region, who adopted this 
method to protest against new schedules which involved 
their lodging away from their homes in some instances. 
These schedules had been adopted by the Railway 
Executive, after approval by the Union representatives, 
to improve through passenger and freight train ser- 
vices. The train crews threaten to repeat the week-end 
strikes until the lodging turns are discontinued. 
On Monday, the Prime Minister and the Ministers of 
Labour and Transport discussed the whole field of 
railway labour grievances. 
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THE STRUCTURAL USES 
OF ALUMINIUM IN BUILDINGS.* 
By Cor. W. C. Devereux, C.B.E., F.R.Ae.S. 
Tue building industry is at present the largest single 
user of aluminium, consumi mae 25 per cent. and 
30 per cent. of the output of all fabricated aluminium 
ete in the United Kingdom and the United 
tates. Aluminium has entered the field of building 
and structural engineering as a serious competitor to 
other materials only since the last war. Before the 
war it had been used to a considerable extent in various 
applications, some of which I will deal with later, but 
these uses were on a relatively small and intermittent 
scale, and may be said to have represented the experi- 
mental phase in the field which, however, gave us the 
background knowledge, experience, and confidence to 
go ahead with the post-war applications on a large scale. 
In the late ’twenties and early ’thirties when much 
of the pioneering work on aluminium in building was 
being carried out in the United States and Switzerland, 
we, in this country, had a relatively small aluminium 
industry the products of which were largely taken u 
by the demands of the road-transport and ai 
industries where the main emphasis was on light weight 
and high strength. For this reason we were, at that 





* Lecture delivered before the London Local Section 
of the Institute of Metals on Thursday, March 10, 1949. 
Abridged. 





time, building up a world leadership in the production 
of light-alloy components of the very highest quality 

mechanical properties but we were, with some 
very notable exceptions, paying less attention to some 
of the other ae pare of aluminium which to-day have 
become of equal and, in many applications, of even 
greater importance than maximum strength. In view 
of our slow start in this field it is gratifying to note 
that we now lead in a number of as of the use of 
light alloys in building. Undoubtedly the develop- 
ment which gave aluminium its greatest impetus in 
building was the aluminium bungalow of which over 
69,000 have been built and erected since 1945. 

The uses of aluminium in building may be broadly 
divided into five groups: 1. Complete buildings either 
wholly of aluminium or with aluminium framing, filled 
with insulating material such as foamed concrete, glass 
wool, etc. 2. Structural components such as roof 
structures, girders, etc. 3.8 structures. 4. Stan- 
dard components such as roo sheets, window frames, 

itions, electrical-conduit tubing and fittings, scaf- 
‘olding, hoists, rainwater soil pipes, etc. 
5. Fittings, furniture and ware. A great deal has 
been written of the general uses of light alloy in build- 
ings. Such pa are generally fairly wide in scope, 
covering the range of light-alloy applications from 
wire and nails to complete buildings with aluminium 
roofing, walls, windows, rainwater , and all the 
way feo! uses of light alloys in this field. 

I have thought it would be more interesting to you 
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field—the structural use of light alloys in building, 
rather than to attempt a comprehensive review of all 
the applications. I have done this mainly because 
the use of aluminium alloys for the main load-bearing 
structures in building is a relatively new development 
and because it is one in which we, in this country, have 
progressed farther than anyone else. Although we can 
now claim to be among the leaders in the use of alumi- 
nium in building, we have to lean heavily on Continental 
and American examples for proof of the durability of 
aluminium as a building material and even then, we can 
quote only a handful of examples going back more than 
about 20 years. This is a relatively short time for a 
study of the durability of a building material and were 
it not for the peculiar properties of aluminium with 
which I shall deal later, one would hesitate to draw 
definite conclusions. 

Some of the famous buildings built before the war 
which incorporate considerable quantities of aluminium 
include the Empire State Building, and the Rockefeller 
Centre group in New York, the Field Building in 
Chicago, the Miami Post Office, the Department of 
Justice Building and the U.S. Botanical Gardens 
in Washington, the Cleveland Municipal Stadium and 
the Los Angeles Post Office. After 15 years the alumi- 
nium parts of these buildings are all behaving satis- 
factorily under a wide variety of atmospheric condi- 
tions. 

Most of the earlier efforts to develop corrosion-resist- 
ing alloys in this country were based on resistance to 
sea-water and we did much development work on the 
application of the Al-Mg (Birmabright) alloys, particu- 
ly in marine uses. It was left to others, however, to 
develop the Al-Mg,Si alloys which, while they are not 
quite so resistant to marine conditions as the Al-Mg 
alloys, possess a high resistance to atmospheric condi- 
tions and at the same time respond to heat treatment 
and are relatively easy to work. To-day the bulk of 
our production for structural purposes is in the Al-Mg,Si 
type alloys. 

The corrosion resistance of aluminium and its alloys 
is one of their most important properties. These 
materials compare favourably with most other non- 
ferrous metals which are generally accepted and 
esteemed for their resistance to corrosion. In the 
atmospheric-exposure tests carried out by the American 
Society for Testing Materials a total of 24 different 
alloys were tested, including copper, a number of 
bronzes and brasses, chemical lead and tin. In the 
overall grading at all the testing locations the second 
place was taken by aluminium-coated Duralumin, the 
first place being given to commercial nickel. Why is it, 
then, that the atmospheric corrosion resistance of 
aluminium is not more fully recognised and stressed ? 
I believe this to be due to a variety of causes. Firstly, 
aluminium is a relatively new metal, and experience of 
aluminium structures for really long periods, is simply 
not available. The metal was first prepared and later 
produced in commercial quantities in a scientific age ; 
it was known to have a high affinity for oxygen (as 
judged by the heat of formation of the oxide) and it is 
difficult to reduce from the oxidised state; hence it 
was regarded by those who first produced it, as being 
easily oxidised or corroded. 

There is still some tendency to regard aluminium as 
a relatively easily corrodible metal for this reason, 
although it should hardly be necessary to point out 
to this audience that it is the form and character of 
the oxide film which primarily determine the resistance 
of a metal to oxidation, and that aluminium shares 
with chromium an ability to produce a highly protec- 
tive and insulating oxide film which prevents subse- 
quent attack. Another important factor is that the 
first major applications of aluminium took advantage 
of the extreme lightness of the material and it was 
therefore used mainly in the form of thin sheets and 
sections—for example, in aircraft. In such applica- 
tions a few thousandths of an inch penetration _ a 
relatively more important effect on the strength and 
serviceability of a structure than would be the case if 
greater thicknesses of metal were used. Hence, in 
aircraft great care is taken to avoid even superficial 
corrosion, by protecting exposed parts by painting, 
anodising or by using only alloys clad with pure 
aluminium. 

Aircraft are often flown in salt-laden atmospheres, 
and most standard accelerated tests for corrosion re- 
sistance employ sea-water or salt-water sprays as a basis 
for assessing atmospheric corrosion resistance. It is 
common knowledge that the resistance of aluminium 
to the chloride ion is relatively less than it is to atmo- 
spheres polluted by other contaminants. For example, 
the American Society for Testing Materials tests 
consistently rate the aluminium alloys lower in marine 
than in industrial atmospheres. ere has been a 
tendency to employ salt-spray accelerated corrosion 
tests as standard, and onk tests give a much more 
gloomy picture of the atmospheric-corrosion behaviour 
of aluminium and its alloys than is justified. But the 








most important factor preventing the proper appre- 
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ciation of the high corrosion resistance of these ma- 
terials, is, in my opinion, that it is not generally 
realised that the rate at which corrosion takes place 
in aluminium and its alloys decreases progressively 
with time, even over a number of years. In this respect, 
aluminium differs markedly from most other com- 
mercial metals, in which the rate of corrosion remains 
constant with time. 

In assessing the corrosion behaviour of aluminium, 
there has been a tendency to expose specimens for a 
few days, weeks, or months, and examining 
them carefully, to assume that the amount of corro- 
sion occurring in, say, 10 years, will be 20 times that 
occurring in six months. This gives a completely 
misleading picture, since when aluminium is first 
exposed to corroding conditions, appreciable corrosion 
takes place almost immediately and is very often 
quite obvious. Naturally this is disturbing to engineers 
and others who are used to dealing with metals that 
corrode at a steady rate. There is a good deal of 
evidence available on the permanence of aluminium 
when exposed to many t of atmospheres. Two of 
the classic examples are the Dome of Giachino in 
Rome, which was roofed with aluminium in 1897, and 
when examined 40 years later showed a mean loss of 
thickness of only 0-05 mm.; and our own statue of 
Eros in Piccadilly Circus, which has withstood attack 
by London’s atmosphere and by Londoners for 56 
years. I recently had brought to my notice a sample 
of a Duralumin extrusion, which was unclad and had 
not been protected at all, but which had been exposed 














TABLE I. 
| T valle 
| 'e ie 
Time Interval. | s % 
Per cent. 
After the 1st year 4-7 
» sd ,, 5-4 
” 6th - 6-9 
. eo | 8-6 
TABLE II. 
Loss in 
Time Interval. dteensth, 
Per cent. 
In 1 year 4-2 
» 2 years ; 5-8 
it jee He 
sae 2 | 6-7 
TABLE III. 
ato 
j ; ensile 
Time Interval. | Strength, 
| Per cent. 
After the 1st year | He 
a ee | 3-4 
10th ,, “6 


” 


for four years on the sea coast in Ireland at half-tide 
level. This strut showed no significant deterioration 
after this very severe treatment. 

These examples can be taken as evidence of the 
relative permanence of aluminium as a structural 
material, but I should like to give some further evidence 
for my statement that the corrosion rate decreases 
rapidly with time. A close study of the American 
Society for Testing Materials tests, referred to above, 
shows that the aluminium alloys, as a whole, deteriorate 
much less rapidly in the later stages of <a If 
we take the average loss in ultimate tensile strength 
of the aluminium alloys which were exposed for these 
tests, omitting the Alclad specimens (which are non- 
homogeneous and are therefore non-representative) 
and the half-hard commercial aluminium (which appeat 
to have aged and increased in strength on exposure in 
some cases), we find that the average loss in tensile 
strength of specimens 0-035 in. in thickness, over all 
the nine exposure stations, was as given in Table I. 

Atmospheric exposure tests were also carried out by 
Dix and Mears,* and if we take data for the alloys 
for which full results are available on ten years’ expo- 
sure to a sea-coast atmosphere (Point Judith, Rhode 
Island), the relative losses in tensile s h were as 
given in Table II. Similar data from an industrial 
exposure site, at New Kensington, Pennsylvania, are 
given in Table III. These figures are enough to show 
conclusively the decreasing corrosion rate with time, 
since, in all cases, the amount of corrosion occurring 





* “Symposium on Atmospheric Exposure Tests on 
Non-Ferrous Metals,” A.S.7.M. Preprint, February 27, 
1946, page 57. 
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which occurred in the subsequent nine years. This 
tendency for the corrosion rate to decrease with time 
has been carefully studied by Champion,* who has 
produced evidence that the rate of corrosion penetra- 
tion is independent of the thickness of the specimen, 
even when corrosion damage is assessed by loss of 
tensile strength, and he has shown that, after a short 
period of a very few hours, the corrosion rate decreases 
with time according to an exponential law. He con- 
cludes that this will enable the ultimate limit of corro- 
sion in infinite time to be assessed. To obtain this 
figure, specimens must be withdrawn at suitable 
intervals and tested so that the general form of the 
curve can be determined. 

Champion emphasises that corrosion taking place 
in the early stages of exposure under severe conditions 
may give an unduly pessimistic indication of the 
probable useful life of the metal, unless the decrease 
and eventual cessation of corrosion is borne in mind, 
and he shows that these considerations apply to 
localised pitting corrosion as well as to general corro- 
sion. He calculates, from American Society for Testing 





* “ Protective Films,” Metal Industry, vol. 72 (page® 
440, et seg.) (1948), and private communications. 








in the first year was approximately equal to that | 
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Materials data, that the least resistant of the alloys 
(178) exposed under the most severe atmospheric- 
corrosion conditions at a tropical marine site, will 
never corrode to a depth sufficient to reduce its strength 
below the original 0-1 per cent. proof stress, provided 
the original thickness is not less than 0-055 in. Taking 
a factor of safety of 2, which, as he points out, is 
probably excessive, a satisfactory metal thickness for 
service under these conditions is 0-11 in. Even 
Duralumin-t; alloys, which are among the least 
resistant of the aluminium alloys, should last indefi- 
nitely and support the loads for which they are designed 
under the worst natural atmospheric exposure condi- 
tions if they are not less than 0-11 in. thick. 

A practical illustration of the way in which a rela- 
tively rapid initial corrosion of aluminium can take 
place in the first few weeks of exposure and subse- 

uently slow up to a negligible rate has recently been 
urnished by an aluminium alloy structure erected by 
Structural and Mechanical Development Engineers, 
Limited, Slough, in a very bad industrial atmosphere 
at Salford, Manchester. After about two months, the 
structure was covered with a number of pustules of 
corrosion, product, which looked quite alarming. 
Samples were taken and tested for mechanical strength, 
and the penetration of corresion observed. Further 
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samples were taken after another seven months’ 
exposure and no significant further penetration or 
relation in strength could be detected. The behaviour 
of this particular structure will continue to be watched 
closely, so that we can obtain data on the probable 
rate of deterioration in this and similar atmospheres. 

Arising from Champion's conclusions that, provided 
specimens are withdrawn at suitable intervals, a 
precise knowledge of the form of corrosion-time curves 
will allow extrapolation and results to be obtained in a 
relatively short time, we, of Structural and Mechanical 
Development Engineers, Limited, have started, with 
the er Research Institute, a series of atmospheric 
corrosion tests on structural aluminium alloys in which 
we are interested, and we are arranging for the exposure 
of specimens and for their fairly frequent withdrawal 
and examination at a large number of interesting sites 
chosen from the many on which we have erected 
buildings. These are quite numerous and widespread, 
and we have also a large number of overseas sites 
which we can use. The data we shall collect will, we 
believe, enable us to obtain a general picture of the 
rate of corrosion of aluminium alloys in normal atmo- 
spheres and to specify minimum thickness of material 
necessary to ensure no significant loss, by corrosion, 
of load-carrying capacity even when the structures 
are to be exposed permanently. 

The choice of materials for building and structures 
is determined by a number of requirements, some of 
which differ from those required in automobile and 
aircraft engineering. In building, high strength and 
light weight, though very important, are not the most 
important advantages offered by light alloys. We 
have to use the most durable alloys which will give 
us the necessary properties and low production costs. 
We have also been concerned to limit our construction, 
as far as possible, to one type of alloy ; partly because 
we find it most economical to do so, and partly because, 
at the present stage in development, many consulting 
engineers, local authorities and architects have been 





somewhat prejudiced against the use of aluminium 
alloys because of the wide range of alloys available 
and the misunderstandings and confusion which can 
arise as a result. We have, therefore, found it of great 
advantage to be able to say that one alloy only is used 
for all the structural members, and so only one set of 
properties has to be considered. 


The alloy we have chosen is B.S./STA7/AW.10B, an | 


alloy of the well-known aluminium-magnesium silicide 
type, the nominal chemical composition of which is sili- 
con,1-0 per cent. ; magnesium, 0-8 per cent. ; and man- 
ganese, 0-7 per cent. The alloy has a 0-1 per cent. 
proof stress of 15 tons per square inch, an ultimate 
tensile stress of 18 tons per square inch, and an elonga- 
tion of 10 per cent. on 2 in. The reasons for the choice 
of this material are as follows. In the first place, we 
have considerable evidence of the satisfactory per- 
formance of this type of alloy in building, particularly 
in the United States and in Switzerland. Secondly, 
the alloy can be readily extruded in the thinnest 
practical sections. This is important to the efficiency 
of our structures in order to minimise the quantity of 
material used. Thirdly, the alloy has a high resistance 
to corrosion in a wide range of industrial, marine and 
special atmospheres. Fourthly, it is necessary to have 
a material having a proof strength comparable with the 
yield point of structural mild steel, since this value is 
the criterion of ultimate failure for all compression 
members. At the present state of the art, we consider 
that material to specification AW.10 offers the most 
favourable combination of properties in an aluminium 
alloy for structural purposes. 

Probably the largest structural use of aluminium 
alloys at the present time is in roof structures, but my 
remarks concerning these will generally be applicable, 
of course, to other static structures. Up to the time of 
writing, we, at Structural and Mechanical Development 
Engineers, Limited, have constructed roof trusses 
ranging in span from 20 ft. up to 84 ft. when erected. 
This is by no means the maximum possible span. We 











are designing roof structures in 
a limit imposed only by the ities and tools at 
present available for fabrication. When we have 
installed the tools for driving rivets of larger diameter, 
we shall go on to much larger spans. There is no 
theoretical design limit. One other practical limitation, 
however, is imposed by the maximum sizes of sections 
and plates that can be produced for building up box 
sections on very large spans. In this case the difficulty 
can be overcome by introducing a type of structure 
in which the effect of very large spans is reduced by 
using structures particularly adapted to solve such 
problems, as, for example, arch roofs. We have, for 
instance, carried out a preliminary investigation of an 
arch roof for an aircraft hangar of 445 ft. clear span, 
which we found would be a practical proposition in 
aluminium alloy. 

These investigations have also shown that aluminium 
alloy structures are likely to approach closely the cost 
of steel structures for really large spans, as the weight 
of the structure itself then becomes a major proportion 
of the load which it has to carry, so that the amount 
of material required is reduced, with a corresponding 
reduction in cost. In addition, there are considerable 
savings in erection costs of these large structures and 
maintenance costs are greatly reduced. 

I do not intend to go very deeply into the engineering 
or economic as of this subject, but I think it may 
be of interest to mention briefly a few of the factors 
which are influenced by metallurgical considerations. 
Each roof structure has, of course, to be considered 
| as a special case, but, in general, we have found that 
| although the cost of straightforward roof framing is 
rather higher in aluminium than in other materials, 
the savings in erection and the fact that no main- 
tenance is required, make the finished structure an 
economic proposition. This is particularly true of 
industrial buildings, such as chemical factories, loco- 
motive sheds, dairy buildings, textile factories and 
other buildings where corrosive fumes are present or 
where corrosion products may contaminate the ma- 
terial being processed. As roof spans increase, however, 
light-alloy construction becomes more and more 
competitive with other materials in cost. 

The most important difference between design 

technique for light alloy and that for traditional 
materials is the effect of the lower modulus of elas- 
ticity because of its bearing upon problems of deflection 
and the design of compression members. For stiffness 
it is always an advantage to use continuous lengths of 
| section wherever possible since the ratio of deflection 
| of, say, a purlin continuous over two spans, to the 
defiection of a similar member consisting of two lengths 
simply supported between the spans, is approximately 
| 1:2}, which is roughly approximate to the ratio of 
the elastic modulus of aluminium to. that of steel. 
It is, however, much more necessary for the designer 
to check the actual deflection of a light-alloy member 
than is the case with steel members, where a section 
which is strong enough from the bending point of 
view is usually within the limits of the deflection 
requirements. This is not always the case with light- 
alloy members, particularly when the span-to-depth 
ratio is fairly high. 

The elastic modulus has, of course, a very important 
effect upon the strength of compression members. It 
has been found that the ratio of bending stress to 
direct stress, particularly in long slender compression 
members, is very much higher than for equivalent 
steel sections. This suggests that the cross-section of 
a light-alloy strut should be such that the member 
has a much higher modulus of section without using 
more material, i.e., it should be designed as a member 
to resist bending. For these reasons we have evolved 
a system of construction in which the compression 
members are double-channel sections battened together, 
giving an extremely stiff member for the amount of 
material used. 

The types of joints are fairly conventional in design, 
ie., they are riveted or bolted. It is necessary, how- 
ever, to use smaller clearances and rather greater 
accuracy than is customary in steel construction. 
Generally, for spans up to 60 ft., rivets up to } in. 
diameter are used as they can be satisfactorily driven 
cold. Bolts up to about # in. diameter are also used ; 
these are usually of zinc-coated steel. For solid rivets 
we generally use AW.6D (5 po cent. Mg) with a 
working single-shear strength of approximately 3 tons 
per square inch. 

One interesting feature of the type of lattice construc- 
tion described, is the fact that although it is extremely 
light—about one-fifth to quarter of the weight of an 
equivalent steel structure—it is very stiff and rigid. 
It is common practice, I am told, when erecting steel 
trusses up to about 50-ft. span to lash a scaffold pole 
across the truss in order to give it rigidity in handling. 
This is unnecessary with light-alloy trusses because 
the batten double-channel members provide extremely 
stiff members for handling. Fig. 1, on page 501, shows 
a 53-ft. truss being erected by four men using only a 


up to 120 ft., 








scaffold pole and block and tackle for lifting into 
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position. A rather unusual factor which has to be 
taken into consideration in the design of light-alloy 
roof structures is the lift which can be dovtbegnl in 
high winds. With a weight of about 1} lb. per square 
foot of covered area, for spans up to 60 ft., a definite 
reversal of stress in all members can be caused by the 
lift due to wind. 

Although the thermal expansion coefficient of alumi- 
nium is about 75 per cent. higher than that of steel, 
the modulus of elasticity is only one third. The net 
result is that if the ends of a member are restrained, 
stresses due to temperature changes are considerably 
less than is the case with steel—about two thirds, in fact. 

The extrusion process enables the designer to use 
sections specially developed for a particular application 
so that the material can be placed where it is used most 
efficiently. This is most important in dealing with a 
relatively costly material. In practice it has been 
found that once a range of efficient sections for a par- 
ticular type of construction has been evolved it is 
possible to achieve a fair degree of standardisation and 
that the number of extrusion dies to be stocked is not 
as high as might appear necessary at first sight. 

In order to verify our design calculations we have 
recently carried out a full-scale load test utilising 
strain-gauge equipment for an investigation of the dis- 
tribution of stresses in the principal members. Fig. 5. 
on 503, shows three 10-ft. bays of a 50-ft. span 
roof loaded with sand-bags and bricks and with 50 strain 
gauges fitted. The method of attachment of some of 
the strain-gauges is shown in Fig. 6, on the same page. 
The load was applied in four stages—the Ministry of 
Works standard stiffness and standard strength tests 
and two more severe tests of our.own. The loads, each 
of which was maintained for 24 hours, were respec- 
tively: 14 times, twice, 2} times and 2} times the 
design load. Although a complete interpretation of the 
strain-gauge readings has not yet been worked out, we 
are satisfied that the results were quite satisfactory. 
Despite the very heavy load applied, no damage was 
done to any part of the structure and no repairs or 
corrections were necessary. 

In view of the fact that the maximum load applied 
was 24 times the design load and that the theoretical 
failing load was three times the design load, the results 
appear very satisfactory, especially since the additional 
factor of } is, in any case, assumed to cover the effect of 
inaccuracies in fitting, lack of homogeneity in material, 
etc. It was especially gratifying to find that, while the 
final overload was carried satisfactorily, there was no 
large margin tospare. We deduce from this that a high 
efficiency has been achieved in our designs. 

In conclusion I would like to show you a few typical 
examples from the wide variety of light-alloy building 
structures made during the past two years. Fig. 4, 
on page 502, shows a factory building at Romford, 
180 ft. long and 150 ft. wide in five northlight spans of 
30 ft., the entire structure being of light alloy, including 
roof trusses, purlins, columns and valley girders. 
Another type of roof truss is illustrated in Fig. 3, on 
the same page. This roof has a 60-ft. clear span and 
is covered with cement asbestos troughing and with 
glazing at the sides. The heavy plate diaphragms at 
the ends of the girders were provided because the 
client wished to support the girders at various points 
within the width of the diaphragms. 

Another type of building in which the light weight 
of aluminium is an important advantage is the 
“* Alframe ” transportable type of building. iginally 
designed for the Ministry of Agriculture for their 
exhibition at the Royal Show at Lincoln in 1946 and 
other agricultural shows, this type of building has since 
found wide applications at home and overseas for 
storage dings, especially for the ground-nuts 
scheme, factories and workshops, power stations, 
exhibition buildings, etc. In a modified form, 14 ft. 6 in. 
high to the eaves, as shown in Fig. 2, on page 501, it is 
used for a variety of purposes by an oil company in the 
Middle East while, insulated and lined, the building is 
used for offices, a cinema and even living quarters. 
The original Alframe building was a portal frame 
structure, 9 ft. to the eaves and 37 ft. span. It was 
built in standard bays 9 ft. long so that it could be 
erected to any length which was a multiple of 9 ft. The 
building erected at Lincoln was 351 ft. long. The latest 
type Alframe has generally the same characteristics 
except that it has cantilever roof trusses giving in- 
creased headroom. The Alframe building breaks 
down into conveniently transportable and easily 
handled components. The standard 72 ft. by 36 ft. 
building weighs only 4} tons and can be erected in 
80 man-hours. 

Another type of transportable building is a specially 
designed structure intended for easy transport in 
difficult country and for easy and rapid erection by 
unskilled labour. A number of these are being pro- 
duced to house the communities (officials, employees 
and their families) working on oil surveys in Argentina. 
The units are erected as dwellings, offices, canteens, 
stores, etc., while the survey of a particular territory is 


taken down and rted for re-erection at another 
site. This is a fully insulated building, the heaviest 
unit of which weighs only 140 Ib. 

Finally I should like to mention two structures which 
are rather outside the scope of this paper but are 
included because they are interesting. The first 
example is that of prefabricated hostels which have 
been in service on the shores of the Dead Sea for two 
years. They have foamed-concrete walls and alumi- 
nium roof structure and covering. In exceedingly 
heavily salt-laden atmosphere these buildings are 
standing up very satisfactorily and are reported to be 
the most comfortable ever experienced in the area. 
The second example consists of g: ys which are 
being built for the Ocean Dock at Southampton. These 
are entirely of light alloy and are hydraulically operated; 
when fully extended the gangways are 70 ft. above the 
rail level. They will be used to allow passengers to pass 
between the terminal building and the Queen Mary and 
Queen Elizabeth without having to go into the open. 





NOTES ON NEW BOOKS. 


The Manufacture of Iron and Steel. Vol. 1. Iron 
Production. By G. R. Basnrorrx. Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 21s. net.] 

Durine the past 25 years the iron and steel. industry 

has made considerable progress in many directions. 

Within the memory of middle-aged steel men, great 

physical strength was required of open-hearth stee! 

melting-shop employees, but now a scientific outlook 
and the ability to draw conclusions from observations 
and instrument readings are of more importance than 
muscle. Much progress has been made also in coke- 
oven and blast-furnace practice and in ore blending 
and preparation. Text-books of iron and steel processes 
tend, therefore, to become obsolescent in a relatively 
short period and it is to describe for students the 
methods of production under modern conditions that 

Mr. Bashforth has written his book. This first volume 

is devoted exclusively to iron production and a second 

volume, which is in preparation, will deal with steel 

production. In the present volume there are 14 

chapters, commencing with iron ores, their occurrence 

and their preparation, and treating successively with 
the blast- burden, fuel, reactions, slags and 
refractories, and of blast-furnace design, equipment, 
operation, calculations and instruments, and closing 
with chapters concerning special irons and ferro-alloys, 
electric reduction furnaces, and wrought-iron manu- 
facture. Although it is primarily intended as a text- 
book for students, the author has succeeded in pro- 
ducing a work of reference for the industrialist. The 
style is simple and straightforward, and full use is 
made of the wealth of matter to be found in the 

Journals of the Iron and Steel Institute, the West of 

Scotland Iron and Steel Institute, the Cleveland 

Institute of Engineers and other technical institutions. 

In most cases, Mr. Bashforth’s accounts of 

and technique contain sufficient information for the 

majority of inquirers, while, for the research student, 

there are references to work carried out by prominent 


metallurgists at the end of each chapter, as well as 
a short ee go Some of the illustrations are 
rather too small to be adequate. 





Elementary Steam Power Engineering. By Proressor 
Epear MacNaveuton. Third edition. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 6-50 dols.]; and Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 39s. net.] 

Except for a couple of short chapters on quite elemen- 
tary thermodynamics, another on combustion, and 
here and there a few simple calculations, this book is 
almost entirely of a descriptive nature. The author, 
who is Professor of Mechanical Engineering at Tufts 
College, Massachusetts, has given a concise and readable 
account of practically the whole range of apparatus 
employed in connection with the generation and use 
of steam in power plants. The descriptions are 
necessarily much condensed, but the compression has 
been ably done and, with the help of nearly 500 illus- 
trations and diagrams, the essential features of each 
piece of apparatus are adequately brought out. Apart 
from three or four high-pressure boilers of European 
design, the descriptive matter relates exclusively to 
the practice of American manufacturers, whose litera- 
ture has ap 
the illustrations. Although praiseworthy enterprise 
as regards size of units and advanced steam conditions 
has been shown in the United States, it would be 
gathered from the book that American engineers were 
satisfied with phosphor bronze as a material for the 
blading of reaction turbines, as well as with other 
details of turbine construction that would not be 
regarded favourably over here. It would also appear 


tly been drawn upon for many of | dry 


unknown on the other side of the Atlantic. These, 
however, are small matters ; taken as a whole, the book 
gives an informative review of steam practice in which 
youthful engineers should find both pleasure ani! 
profit, if the price is not too much of a deterrent. 


Steam, Air, and Gas Power. By Proresson WILLIAM H 
Sreverns and Howarp E. Dectzr. Fourth edition 
John Wiley and Sons, Incorporated, 440, Fourth 
avenue, New York 16, U.S.A. [Price 4.75 dols.| 
and Chapman and Hall, Limited, 37, Essex-strect 
London, W.C.2. [Price 28s. 6d. net.] 

THERE can be no doubt about the advisability 0/ 

providing engineering students with some knowledg: 

of the machinery and apparatus which illustrates th: 
practical application of the thermodynamic principle: 
that they are being taught. This fact is amply recog 
nised in the present work, which is mostly descriptive 
the theoretical portions are very brief and go no deepe: 
than is necessary for elementary students. Th 
authors give most attention to boiler-house plant 
and reci; ting engines, turbines of all kinds being 
disposed of in a single chapter, which includes a fey 
pages on the gas turbine. Internal-combustion 
engines have a fairly long chapter to themselves, and 
pumping machinery and cnaliinion plant are also 
given individual chapters. The reference to air in the 
title of the book is justified by a chapter on compressed 
air, but in this it is regrettable to find the common but 
erroneous statement that, when a compression curve 
follows the law PV" = constant, the work done can 
be calculated from an expression which, in fact, merel) 
represents the area of the theoretical indicator diagram 
for the process. Although the expression in question 
may be safely used when the compression curve lies 
below the adiabatic, it will give definitely wrong 
results when the curve is above the adiabatic, which 
may well be the case with turbo-compressors or 
blowers. The only general statement that can safely 
be made is that the theoretical work of compression 
and delivery will be the mechanical equivalent of 

{C,(T, — T,) + any heat carried away by cooling}. 

This is true for isothermal, adiabatic or polytropic 

compression, with any index whatever. To trust the 

theoretical indicator diagram to show the work required 
in all circumstances is to ask for trouble. 





Clerk of Works Manual. By G. W. Harris. Crosby, 
Lockwood and Son, Limited, 39, Thurloe-street, 
London, 8.W.7. [Price 7s. 6d. net.] 

Tue author of this concise manual writes from an 
extensive nal experience of his subject and has 
avant © 3 great ‘oa of information into his 90 
pages or so. Some of his advice seems to be rather 
obvious commonsense, which might be expected to be 
already in the possession of any man senior enough 
to be appointed clerk of even small-scale works ; but 
it is a familiar experience in most branches of con- 
structional work that what appears obvious to one 
man may be overlooked by another, seemingly of 
equal competence, and the arrangement of the k 
is such that it may prove a useful guide in developing 
an orderly system of supervision in the minds and 
actions of readers who, though actually acquainted 
with the whole field covered, are not naturally 
methodical. The author would probably be among 
the first to admit that his book does not teach every- 
thing that a clerk of works needs to know and to be, 
but the reader who absorbs the contents of the book 
should be educated thereby to the point of realising 
his further deficiencies and taking his own steps to 
remedy them. 


The Natural Durability of Timber. Forest Products 
Research Records No. 30 (Wood Preservation Series, 
No. 4). H.M. Stationery Office, York House, 
Kingsway, London, W.C.2. [Price 6d. net.] 

THE comparative tests of durability described in this 

report were initiated in 1932 and have been carried out 

at three sites—one at Princes Risborough, another near 

Thetford, and a third near Dolgelley. The method is 

to drive into the ground, to a depth of 15 in., stakes 

of the various timbers measuring 2 ft. in length, and 

2 in. square in cross-section. Ten heartwood speci- 

mens of each timber are set on each site and, in the 

case of timbers normally containing a large amount of 
sapwood, specimens cut from the sapwood are also 
tested. A specimen is considered to be decayed when 
it can be broken by a blow from a light mallet. In 
surroundings, all timbers are durable, but the 
useful life is much affected by environment, and 
appreciable differences were noted between identical 
timbers on the three testing sites. The report contains 
tabulated particulars of the tests, and also lists the 
various timbers in order of their observed durability. 

The tests are still in progress, but the results obtained 

over the past 15 years are considered to be sufficient 

to provide some guidance in the use of the principal 











in progress, taking about two years, and can then be 


that the modern hyperbolic type of cooling tower was 











tim under observation. 
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THE MEASUREMENT OF 
TORQUE IN SHAFTS. 


By Hvueu Forp, D.Sc., M.I.Mech.E,, 
and ALAN DovuaLas. 


(Concluded from page 484.) 

THE acoustic strain gauge has been used very 
widely by the Germans and brought to a high degree 
of accuracy. They used it in preference to the 
resistance strain gauge. The instrument was deve- 
loped and made by the Maihak A.G. and was 
described by Merz and Scharwachter* in 1939. Full 
details are given ina B.I.0.S. Report by J. Edwards.t 
The instrument consists of two clamps, between 
which a fine high-tensile wire is strained. The 
wire is caused to vibrate at its natural frequency 
by means of an electromagnetic circuit fed from an 
alternating-current supply. There is also a pick-up 
circuit, similar to the maintaining circuit, in which 
the signal frequency is always that of the vibrating 
wire. As the shaft twists, so the tension in the wire 
changes and, with it, the natural frequency of the 


wire. A similar wire is mounted in a reference | 
gauge, the tension being varied in this case by a| 








Fia. 20. 


micrometer screwhead, turning which adjusts the | 
wire tension and causes the frequency to change. | 
It has similar energising and pick-up coils. The | 
signals generated in the pick-up coils by the torque- | 
meter gauge and reference gauge are amplified by | 
suitable electronic circuits and are fed to the plates 
of a cathode-ray oscillograph. The reference wire 
is adjusted until a stable image is obtained on the 
oscillograph. By calibrating the micrometer head 
against known torques applied to the shaft, readings 
of steady torques can be measured. Clearly, the 
instrument is unsuitable for fluctuating torques and 
gives no permanent record. 

Every German E-boat was apparently fitted for, 
but not with, acoustic gauges ; slip-rings, etc., were 
provided on the Diesel-engine shafts, although the 
acoustic gauges were fitted on trials only. Further 
development of these instruments has taken place in 





* “ Electrical Methods of Measuring Twist,’ by L. 
Merz and H. Schérwachter, Archiv fiir Tech. Messen, vol. 
86, page 99 (August, 1938). 

t “The Maihak Acoustic Strain Gauge,” by J. Ed-| 
wards. B.1,.0.S, Report No. 149 (August, 1945). \ 
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this country since the war. The device would be | modified in a way dependent upon the moment of 
useful for torque measurement if means could be | the torque applied. By surrounding the shaft with 
found to produce a continuous reading instead of the | a coil in which an alternating current flows, a change 
spot readings obtained as described above. |of inductance will be obtained and, with suitable 

Of methods of torque measurement not dependent | amplification, the change can be indicated on a 


meter. This principle has been applied successfully 


| to the measurement of direct pressure, but it is not 


known whether any wide use has been made of it 
in — 


Fig. 19. aleeestor 
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| showing a good magneto-strictive effect (for example, 
| nicke! and nickel-iron alloys) and are limited to the 
stresses that these materials can withstand. 

| In the design of torque shafts, it is necessary to 
obtain the maximum angle of twist, and yet to keep 
| well within the elastic limit of the material. It is 
also very important to choose materials which have 
| good elastic recovery, even after many reversals. 
It has been found that steels of the nickel-chrome- 
|molybdenum type fit these requirements well. 
Good results are also obtained from carbon steels of 
0-6 per cent. C, 1-2 per cent. Mn range. These 
steels are recommended when it is possible to choose 
a shaft, but, of course, in many cases, there is no 
choice in the matter. Normal mild steel, however, 
will give satisfactory results, especially if the shaft 
can be twisted several times well above the maxi- 















— torque. The shafts must be made of materials 
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Fig. 21. 


upon the angular twist of a shaft, mention may be | mum designed torque before calibration, without 
made of Muir’s dynamometer* and of the magneto- | exceeding the elastic limit. 
strictive effect. In Muir’s apparatus, the shaft is} For accurate and reliable results over long 
divided into two, the driving shaft having upon it a} periods of operation, it is most important to pay 
hub with spring-like spokes. These engage with a| careful attention to the fixing of the clamps from 
wide rim which carries similar spring spokes coupled | which the twist is to be measured. In the early 
at their inner ends to a boss on the driven shaft. | meters, it was usual to clamp on to a narrow-edged 
When torque is transmitted, the spring spokes bend | disc encircling the shaft, or to screw pointed or 
and the angle of twist is measured by suitable elec- | cup-ended screws into the shaft. The pressure on 
trical or other means. No information is available as | the narrow edge of the disc must be high, and hence 
to whether this device has been applied, but it can be | there must be a finite width to withstand the pres- 
arranged in various ways for measuring torque in|sure. This results in some indefiniteness in the 
restricted places. |exact reference section of the shaft. The pointed 
It has been proposed by F. D. Smith and C. S. | and cup-ended screws cause permanent distortion of 
Wrightt that the effect of pressure on the magnetic | the shaft and may work loose under repeated load- 
properties of some ferromagnetic materials could be | ing, especially with shock loading. Towns* dis- 
used as a measure of torque. When a shaft of, say, | cussed methods of fixing and put forward a new 
nickel or nickel alloy is twisted, its permeability is | method giving a definite reference surface, but this 
———- — — — |requires that the shaft must be specially prepared, 
* N. S. Muir. Transmission dynamometer. British|as shown in Fig. 19, on this page. This is not 
Patent No. 472,317 (1937). 
t+ “‘ Magnetic Pressure, Tension, Torsion and like * “The Measurement of Torque and Thrust in Ships.” 
Stress-Measuring Devices.” British Patent No.| by V. W. H. Towns. Trans. I.Mar.E., vol. 47, page 281 
442,441 (1936), (1935). 








usually possible unless a shaft is being specially 
made for fitting a torque meter, and even then it 
requires the shaft to be machined all over. Un- 
doubtedly, the final result is satisfactory. The 
projecting flange is not stressed by the torque in | 
the shaft. 
With shock loading, as in rolling mills, welding of | 
the clamps to the spindle has been advocated, but 
this would appear to affect the metallurgical pro- | 
perties of the spindle at a crucial point and it means | 
also that, once fitted, the torque meter has to | 
remain on the shaft. Carter and others show an | 
interesting method when using a torsion-meter in | 
the bore of a hollow shaft, for which reference may | 
be made to their paper.* 
Siemens and Halske (see Figs. 8 and 9, page 482, | 
ante), used tapered pins, driven through the clamps | 
and shaft, for their rolling-mill applications. The | 
Maihak gauge uses clamping discs, split segmentally. | 
In the torque-meters described below, a simple fixing | 
was developed which has worked well under difficult | 
conditions, and it is apparent that the success or 
failure depends on the mass and disposition of the 
parts which have to be supported ; the registering 


means should not, if practicable, support the mass | 


of the torque-meter as well as register the planes 
between which the twist is measured. The resist- 
ance strain gauge eliminates these difficulties. 

In connection with a programme of research into 
the design and operation of cold-rolling mills,t it 
was necessary to measure the energy used in 
deforming the material between the roils of the mill. 
In most previous researches of this kind, it had 
been usual to do this by measuring the power input 
to the mill motor, and to make a deduction for the 
power lost in the motor, gearbox, pinions and roll- 
neck bearings. It is difficult, however, to deter- 
mine these losses accurately under the widely differ- 
ing conditions of the experiments, and a much more 
accurate determination can be made by measuring 
the torque required to turn the rolls. 

In practice, the nearest point to the rolls at which 
this can be done is at the spindles of the mill—that 


is, between the pinion box and the driven ends of | 


the rolls. The torque measured here still includes 
the losses of the four roll-neck bearings, but these 
form a small proportion only of the energy of de- 
formation and can be fairly accurately determined 
by preliminary tests, in which the rolls are pressed 
together with various loads with no strip between 
them, and curves of torque loss prepared for various 
speeds. The roll necks were supported on roller 
bearings in this particular mill, and, therefore, the 
losses were comparatively small. It was necessary 
to fit one meter to each spindle, as the torque may 
not always be equally shared between the two 
rolls; and the meters must stand up to heavy 
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shock conditions, and to long periods of continuous | 


running. Moreover, a fair degree of accuracy was 
required over the whole range up to full-load 
torque. 

At the time when the development of these 
torque-meters was undertaken, the only successful 
applications of torque-meters to rolling mills were 
designs of the capacitance type. The mills at 
the Kaiser-Wilhelm Institute and at the Freiburg 
School of Mines both had apparatus made by the 
Siemens-Halske Company and operated on the 
change of capacitance ; some applications of this 
type of meter to industrial mills had also been 
reported. It was decided that the instrument for 
the experimental mill should work on this principle. 
In addition to the measurement of torque, it was 
necessary to measure the roll-separating force, and 
special instruments had been previously developed 
for this.t These instruments operated from a 
stabilised supply of 1-3 volts at a frequency of 
20,000 cycles per second, derived initially from the 
50-cycle public supply mains ; and as, in fact, the 
oscillator had been designed in the first place with 
ample capacity to supply additional instruments, 
this was the obvious choice. The specification 
called foreach meter to give a direct-current signal 


* Proc.I.Mech.E.., loc. cit. 

+ For a description of the mill, etc., see the First 
Report of the Rolling Mill Research Sub-Committee, Section 
3, Report No. 34, Iroa and Steel Institute (1946). 

t See Section IV of the First Report of the Rolling Mill 
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milliamperes for full-load torque. Owing; 2—%~— Jy — bay 
'to the use of a new circuit, which was specially a ; | 
devised for the meters, this output was achieved } | | | | | 
with less amplification than in the Siemens-Halske| § yoy oe 
instrument. ° Check Calibration | 
The arrangement of the meters in use is shown ioe _Af ter Monte 
in Figs. 20 and 21, on page 505, and the details of ] 
the condenser plates are shown in Figs. 22 to 26, eS | 
herewith. The meter was carried on the short| ‘: an | 7 
length of shaft, ground accurately parallel, con-| § 
necting the spade ends of the universal spindles} ¥) — 
of the mill. This shaft was very stiff and the| & | 
maximum speed of rotation was 135 r.p.m.; conse- 
quently, the effect of the out-of-balance mass of 3 7 T “| 
the light torque-meter parts was not serious. Two| & | 
light and rigid clamps of magnesium alloy sur- < 5 | 
rounded the spindle ; these were carefully scraped 
after machining, so that, when tightened by the 
clamping bolts, they could just be rotated on the 
shaft without any slackness. The clamps were 
located accurately on an 8-in. gauge length of the 60-3 —“W a 0 30 10 8 80 
spindle by set screws having a 60-deg. conical end} (9502.s) Torque Meter Reading  4ycmeenmc’ 


with a parallel pilot extension. The holes were 
drilled in the shaft with a normal centre drill, 
aligned by the tapped holes of the clamps. The 
set screws were made a tight fit on the threads and 
were prevented from loosening by copper pads 
clamped against the threads of the set screws. This 





Research Sub-Committee, already referred to, 





simple system proved highly successful. Each 





clamp had a short stiff arm from which a condenser 
plate was carried on three insulated adjustable 
pins.* The plates and arms were of magnesium 





* A second arm was provided on each clamp in case a 
second pair of plates were needed, but only one pair was 


used, 
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alloy. The whole assembly was enclosed in a metal 
screen (which can be seen in Fig. 20) and, wherever 
insulation was required, polythene was used. 

In designing the slip-ring assembly and the con- 
nections from this to the condenser plates, great 
care was exercised to avoid the introduction of 
stray capacitances in parallel with the measuring con- 
denser, through which the signal could be shunted. 
"his was rendered the more necessary by the rela- 
tively high frequency used to energise the bridge 
(20,000 cycles per second) and also by the small capa- 
citance of the measuring condenser; the smallness 
of this capacitance results from the fact that the 
initial separation between the plates must be fairly 
large to avoid any possibility of the plates touching 
under severe overloading conditions, and also to 
secure reasonable linearity between the changes in 
capacitance and the final meter indication. The 
shunt capacitances were kept to a minimum, there- 
fore, by using air insulation as far as possible and, 
where solid material was unavoidable, polythene was 
used if the mechanical conditions permitted (for 
example, in the brush holders, supporting bushes, 
etc.) because of the low value of the dielectric con- 
stant it possesses, particularly for high-frequency 
currents. The two slip-rings were of brass, about 
# in. square, mounted well apart on insulating tubes 
fixed over the coupling muffs of the universal 
spindles. The tubes were cut away wherever possible 
so as to introduce the minimum amount of solid 
dielectric between the rings and the couplings. 
One of the tubes can be partly seen behind the 
vertical screening in Fig. 20. 

The designed full-load torque for the meter was 
17-4 ton-inches. The spindles, of nickel-chrome- 
molybdenum (Vibrac) steel, were 2} in. in diameter, 
and the gauge length was 8in. Assuming a modulus 
of rigidity of 12 x 10° lb. per square inch, the twists 
under full load would be 1-04 x 10-* radian. The 
plates were initially set parallel and # in. apart, 
and the centre of the plates was at a radius of 3§ in. 
from the spindle centre-line; consequently, the 
change of gap at the centre of the plate was 0 -038 in., 
or 20 per cent. of the initial gap. The construction, 
was such that an increasing torque in the positive 
direction of rolling reduced the gap between the 
plates. Of course, the changes in gap would not be 
uniform all over the plate, the actual variation being 
from 14 per cent. at the inner edge to 26 per cent. at 
the outer edge. The capacitance of the condenser 
at no load was estimated to be 16-9 puF and the 
change of capacitance for full-load torque, 4-3 ppF. 

Theye are many means of converting a small 
change in electrical capacity into some form in 
which it can act as the driving force to operate a 
meter or recorder. In general, this process involves 
the use of electronic amplification, which can be 
achieved in several ways. The choice of a suitable 
arrangement in the present application was largely 
governed by the existence of amplifying equipment 
in connection with the roll-force meters, already 
referred to. The torque-meter bridge circuits were 
designed from the outset to use an amplifying chain 
exactly similar to that provided for the roll-force 
meters. 

The first step was to make the measuring capacity 
an element of the modified form of Wheatstone 
bridge due to Wien* ; further modifications (which 
were suggested by an article by W. N. Tuttle, deal- 
ing with bridge-T networks?) resulted in the circuit 
taking the form shown in Fig. 27, opposite. This 
has certain advantages in allowing one of the leads 
of the measuring condenser to be at earth potential. 
As already pointed out, the capacity of the measur- 
ing condenser C, was small and, if this bridge cir- 
cuit were placed at a considerable distance from the 
torque-meter, the self-capacity of the connecting 
cable would be placed in parallel with the measuring 
condenser. It was necessary, therefore, to mount 
the components forming the bridge in a screening 
box as close as possible to the slip-rings through 
which the signal was taken off the spindle. The full 
circuit details for one unit are given in Fig. 28, 
opposite. The effect of a shunt capacity after the 





* Ferguson and Bartlett, by suitable design, have 
obtained an accuracy to within 0-003 per cent. with 
this form of bridge (see Bell System Technical Journal, 
vol. 7, No. 3, pages 420 and 437). 

t Proc. Inst. Radio E. (1940). 
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step-down transformer shown in Fig. 28 is not serious, 
and this means that a connecting cable of consider- 
able length may be run to a convenient position 
where the amplifier may be located. In this case, 
the length of the cable was 40 ft. The screening box, 
containing the two bridge units, can be seen on the 
left of Fig. 20. 

The amplification was carried out in two stages, 
with heavy feed-back. After rectification of the 
20 ke per second signal, a direct-current signal of the 
order of 200 microamperes for full-load torque was 
available at 200-300 volts and was used to operate 
a Weston-type S26 pointer meter, having an 
arbitrary scale of 0-100 units. A further stage of 
amplification resulted in a maximum direct current 
output of 30 milliamperes, which was used to drive a 
super-responsive Everett-Edgcumbe “ Inkwell ” re- 
corder. The response of the pointer meter was very 
good, approximately a fifth of a second sufficing 
for a full-scale indication and, at the same time, the 
damping was such that there was practically no 
over-swinging of the pointer. 

It was necessary, of course, to calibrate the meters 
by the application of known torques, and, to save 
time in dismantling the mill drive, it was 
decided that this would best be done with the 
meters in place in the mill. The torque was applied 
to the outer ends of the rolls. The extension of the 
rolls on the operator’s side of the mill (remote from 
the coupling end) was threaded for an end nut. This 
nut was removed and replaced by a sleeve, dowelled 
to the end of the roll by three } in. pins. A counter- 
balance arm was bolted to the outer end of this 
sleeve, and, on the extremity of the arm, a hanger 
was provided for the application of known weights. 
Since the mill was fitted with roller bearings, very 
little torque was lost in friction in transmission 
through the bearings to the torque-meter. The 
pinions were locked by an arm bolted to the gearbox 
shaft. 

With the loading arms balanced, the meters were 

set at zero and increments of load were then applied 
to the arms up to that required for maximum 
torque, returning to zero by similar steps. Fig. 29, 
opposite, shows a typical calibration made in this 
way. It will be seen that there is no sign of 
hysteresis, and that the relation between applied 
torque and meter reading is nearly linear. The line 
intersects the abscissa at a definite distance from 
zero. The current represented results from the 
admission of a small amount of 40,000 cycles per 
second harmonic into the bridge circuit, and 
was deliberately arranged to avoid using the pointer 
meter for readings at the zero point, particularly 
when setting the zero point of the bridge. 
The mechanical parts of the torque-meter, includ- 
ing the slip-rings, are in constant operation during 
the whole time that the mill is being run, whether 
readings are being taken or not, and this has the 
effect of keeping the surface of the slip-rings in good 
condition. The fact that the bridge is part of a 
high-impedance circuit means that the signal is 
negligibly affected by change of resistance or surface 
conditions between the brushes and slip-rings. The 
meters were found to hold their calibration in a 
very satisfactory manner. Fig. 29 also shows a 
check calibration, carried out about two months 
after the initial calibration, from which it will be seen 
that the agreement is very close, and within the 
2 per cent. originally desired. 





THE AERONAUTICAL QUARTERLY.—On page 360, ante, 
we announced that the Royal Aeronautical Society had 
decided to issue a new publication entitled The Aero- 
nautical Quarterly ; the first number of this new periodi- 
cal has now come to hand. It contains papers by Mr. H. 
Templeton, Mr. G. N. Ward, Dr. K. Mitchell, Dr. W. J. 
Duncan, F.R.S., Mr. E. C. Pike, Mr. E. W. Trevelyan, 
Mr. D. R. Blundell, and Mr. F. Ursell, all of which fulfil 
the purpose of the Quarterly,in that they either describe 
new and original work or review progress in some special- 
ised field of activity in aeronautics. The Editorial Board 
comprises Mr, W. G. A. Perring, Dr. H. Roxbee Cox, 
Professor S. Goldstein, F.R.S., Sir Richard Southwell, 
F.R.S., Mr. G. H. Dowty and Mr. J. Smith, C.B.E., all 
of whom are Fellows of the Royal Aeronautical Society. 
The Quarterly is published at the offices of the Society, 
4, Hamilton-place, London, W.1, the price of each issue 
being 10s. 3d., post paid, to non-members, and 7s. 9d. 





to members of the Society. 
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Pulses and Transients in Communication Circuits: An 
Introduction to Network Transient Analysis for Tele- 
vision and Radar Engineers. By COLIN CHERRY. 
Chapman and Hall, Limited, 37, Essex-street, London, 
W.C.2. [Price 32s. net.] 

Tue theoretical study of the response of electric 

circuits to step and pulse waveforms, and the 

analysis of such waveforms to determine their more 
tractable sine-wave components, are the subjects 
of a considerable amount of technical literature. 

Individual contributions generally deal with a 

limited aspect of the subject and demand a high 

standard of mathematical ability in the reader. 

Transient response is of such fundamental import- 

ance in the rapidly expanding field of television 

and radar that there is need of a book recapitulating 
the derivation of the steady state characteristics of 
circuits and proceeding to the various methods of 
deducing their effects upon transient waveforms. 

Mr. Cherry, starting with the assumption of the 

reader’s thorough understanding of linear differential 

equations, has set out to do this as far as possible in 
simple physical terms. 

In the first chapter, the equations of simple 
networks are introduced and the nature of their 
solutions discussed. Chapter 2 gives a detailed 
explanation of the spectrum analysis of continuous 
waves of various standard types and of transients, 
and also introduces the fundamentally important 
ideas of conjugate vectors and of the low pass-band 
pass analogy. These principles are then applied 
to the study of the sine-wave response of networks 
before proceeding to the calculation of transient 
response by summation of the component sine-wave 
responses. The treatment of a transient not of a 
form susceptible to analysis, by dividing it into a 
series of stop or pulse waveforms, is also studied. 
Two very useful chapters deal with the response of 
multi-stage amplifiers and the use of idealised 
shapes of network characteristics. The avoidance 
of the extreme complexity often arising from the 
application of rigorous operational methods in order 
to achieve solutions to practical problems is of 
obvious importance ; Chapter 5 introduces methods 
based upon approximations and indicates the 
limitations which follow from their use. The effect 
of asymmetric side band transmission is of particular 
interest in view of current television development, 
and has a chapter devoted toit. The book concludes 
with a chapter in which the basic properties of 
transmission lines and their equivalent networks are 
discussed, leading to the conception of network 
characteristics based on the echo effects in mis- 
matched lines. Although the application of this 
idea to transient response is interesting rather than 
of fundamental importance, it is of value in under- 
standing some special applications of networks ; for 
example, the use of delay lines in pulse circuits. 

Though the emphasis throughout the book is 
on physical explanations, effectively illustrated by 
reference to signal waveforms, the subject is essen- 
tially a mathematical one and a serious and compre- 
hensive text-book such as this must seek not to 
avoid the mathematical approach, but to explain it. 
In this the author has succeeded admirably. He 
does not fail to return to the elucidation of a funda- 
mental principle whenever the context helps to 
illuminate it from a new angle. There are plentiful - 
references in the text to further reading and to the 
solutions of relevant practical problems. This work 
will be a valuable addition to the library of the 
communication engineer. 








Engineering with Rubber. Edited by WALTER E. BURTON. 
McGraw-Hill Book Company, Incorporated, 330, West 
42nd-street, New York 18, U.S.A. [Price 6-50 dols.] ; 
and McGraw-Hill Publishing Company, Limited, 
Aldwych House, Aldwych, London, W.C.2. [Price 
39s.] 

In reviewing this book, it would be pleasant to 

say that it fills a long-felt need as a reference book 

for the engineer with a rubber problem; but, 
unfortunately, even to-day this need is not fully 
appreciated. To quote from the preface : “‘ Perhaps 
he consults the engineering department of some 
rubber manufacturer; but, more likely than not, 
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he goes ahead with his designing, making what he 
thinks the proper provisions for whatever parts he 
expects to include. Then, much too late, he estab- 
lishes contact with rubber technicians (technologists) 
and learns that he will have to make radical changes 
in design in order to take advantage of their reeom- 
mendations.” The fact is that the very rapid 
growth of rubber science and engineering in the past 
few years has outstripped the spread of information 
of the uses and applications of rubber to general 
engineering. 

A team of scientists, engineers and technicians 
of the B. F. Goodrich organisation, many of whom 
are well known in this country, have contributed to 
produce in this book, however, a work of reference 
which, for its type, will remain up to date for an 
unusually long period. The book dismisses the 
production and the basic manufacturing processes 
of rubber in a brief introduction of half a dozen 
pages and, in the next dozen pages, gives a brief 
description of the principal synthetic rubbers which 
may be used when a rubber-like material of specific 
qualities is required. It proceeds to describe, in 
the second chapter, the properties of rubber, from 
the engineering type of qualities such as stress-strain, 
elasticity and resilience, through the chemical 
qualities such as resistance to oils and solvents, 
to the more physical ones of thermal expansion, 
electrical properties, etc., all in straightforward 
‘engineers’ language.” The body of the book is 
devoted to the theory and application of various 
specific products. There is no occasion to be 
deterred by the reference in the preface to summaris- 
ing “ folders, booklets, catalogue pages ”’; the book 
is in no sense a list of goods, applications or processes, 
but an easily readable exposition of the salient 
points of the principal rubber (and synthetic) 
products encountered by every engineer in his daily 
work. It is well, but not too profusely, illustrated 
and is furnished with sufficient basic formule and 
statistical tables to ensure full appreciation of the 
context. The only section which, at first sight, might 
be thought to have too many tables is that on 
driving and conveyor belting ; but here the liberality 
is justified. Belting is an expensive product if 
misused or overloaded, but, if treated with care and 
respect and within the limits laid down in these 
four chapters, it may well outlast many of its 
associated metal parts. 

A useful chapter is one on rubber mountings, which 
shows the methods of dealing with two of the engi- 
neer’s biggest worries—vibration and noise. Another 
chapter of importance to the designer is the one on 
extruded materials, which emphasises the need for 
early contact with the rubber technologist before 
reaching the final drawing stage in the design of a 
machine or appliance which needs any special form 
of strip jointing or sealing. Many production 
engineers should find the data on the machining of 
hard rubber and ebonite useful. In view of the 
increasing application of hydraulic mechanisms to 
machine operation, it is a little disappointing that 
hydraulic seals receive little more than a passing 
reference ; perhaps, in a subsequent edition, a full 
chapter might be added on this subject, as well 
as one on the safety problems which can be solved 
by the use of conducting rubber to eliminate static 
electricity. The book concludes with a chapter on 
‘**Case Histories ’’ which should be read by all, 
even by those whose use of rubber would appear 
to be covered by only one or two chapters. Ii 
cites a diversity of problems unexpectedly solved 
by the use of rubber or synthetics, and should 
suggest to many engineers that neither their time 
nor that of the rubber technologist would be wasted 
if problems of unusual difficulty were submitted to 
any rubber manufacturer of repute or to the Research 
Association of the industry. 





FOREIGN MEMBERS OF ROYAL SocrETy.—At a meeting 
of the Royal Society, held at Burlington House, London, 
W.1, on May 12, four scientists were elected Foreign 
Members of the Society, namely, Professor P. W. Bridg- 
man, Research Professor of Physics at Harvard Univer- 
sity, Cambridge, Massachusetts, U.S.A.; Professor N. L. 
Bowen, petrologist at the Geophysical Laboratory, 
Carnegie Institution, Washington, U.S.A.; Professor 
Max von Laue, of the Max Planck Institute, Gottingen, 
Germany ; and Professor E. Schrédinger, senior professor 
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THE DEGREE IN 
MECHANICAL ENGINEERING. 


By S. H. Srerrox. 


* THERE is assuredly, in Britain, no deficiency of 
men distinguished by skill in judging of the quality 
of materials and work, and in directing the opera- 
tions of workmen, by that sort of skill, in fact, which 
is purely practical, and acquired by observation 
and experience in business. But of that scientifically 
practical skill which produces the greatest effect 
with the least possible expenditure of material and 
work, the instances are comparatively rare.” 

Since Rankine wrote this, in 1855, many changes 
have taken place in the demands of engineering and 
in the attempts made to meet those demands in the 
various courses of academic training ; but the main 
arguments which Rankine advanced in his ‘ Pre- 
liminary Dissertation *’ remain unchanged and un- 
changeable. Theory and practice are merely two 
points of view of the seme phenomena. If they 
differ in essentials then one or the other is either 
wrong or incomplete. Rankine’s avowed aim was 
to train men who could answer the two questions 
‘“*What are we to think? What are we to do?” 
He was under no delusion as to the dual nature of 
the tasks and he appreciated the dual qualifications 
needed to complete the training. He had no scorn 
for the ** practical man,” but merely pleaded for a 
knowledge of mathematics and science to be added 
to his practice in order that the training might be 
more complete. 

A glance through one of his classic text-books 
shows his aim, however much we may dislike certain 
details and certain lines of approach. At one place 
we read that a man on a treadmill can perform 
2,616,000 ft.-lb. of work in a day; at another, we 
find the problem of internal equilibrium treated in 
a mathematical fashion that assumes a mathe- 
matical fluency lacking in many engineers. His 
aimis obvious. He wrote for engineers, but assumed 
that their training had given them the ability to 
read mathematics. He laid out his assumptions 
with care and it is not his fault if they are misapplied. 
When the data are insufficient to form a basis for a 
theory, he had no hesitation in summing up good 
practice in an empirical formula. 

In Rankine’s day, academic training took no 
notice of the various branches of engineering. It 
was a general training and the ex-student was pre- 
sumably left in a position to tackle the practical 
problems that might occur in his special branch. 
The rise of mechanical engineering made it difficult 
to continue this healthy outlook but even at the 
start of this century, some 50 years ago, it was still 
the custom to lump together all the honours students 
and grant the same degree to all of them, based on 
the same papers and with no alternatives. In those 
days electrical engineering was still in its infancy 
and was looked upon as an offshoot which must be 
studied separately. 

Nowadays, it is impossible to plan a single course 
and expect all engineers to follow it. Not only have 
the main subjects increased in number, but there 
has been a great expansion of each of them and a 
vast amount of research work has opened up com- 
pletely new activities. The mere mention of metal- 
lurgy and radio is sufficient to indicate the magni- 
tude of the change. When these innovations began 
it was natural that an attempt should be made to 
include them in the syllabus. A mechanical engineer 
must know something of the new theories of metal- 
lurgy ; an electrical engineer must be able to rig up 
his own wireless set. 

A few additions can always be made in a three- 
year course, but soon other subjects must be 
shouldered out. Mechanical engineers can cut out 
surveying; electrical engineers have no time to 
study thermodynamics. Much of the out-of-date 
cargo must be jettisoned to make room for subjects 
more in line with modern demands. The latest of 
these modern demands scems to be based on the 
idea that the engineering students will become 
general managers and hence must know how to 
general manage—in theory, at any rate. 
Unfortunately, no authoritative body has turned 
back to see what a degree course is aiming at. Each 
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to suit the local demands at the moment or the 
personal fancies of those in charge. The result is 
that the engineering degree is in serious danger of 
losing some of its most valuable characteristics. It 
may be allowable, therefore, to call attention to one 
or two main principles which should certainly 
govern, or at least influence, the curriculum of a 
degree course for mechanical engineering. Engi- 
neering students are being prepared for a great 
profession. Some may take to teaching, but the 
main object is to supply the profession with men 
trained to find out ‘*‘ what to think, and what to do.” 
The training is supplementary to the training 
obtained in the course of actual work in the work- 
shop or office, and hence it should be focused mainly 
on what cannot be learned in those places : it should 
help the young engineer to benefit from his practical 
experience. 

There can be no doubt that, first and foremost, 
comes the training in good clear mathematics and 
science, preferably flavoured with a pinch of 
engineering seasoning. It is the duty of these young 
engineers to go out and help in all branches of 
engineering. They are the main links between the 
industry and the pukka scientists of university and 
research ; they gather the required data from 
industry ; they pass on the research results in a 
usable form. It is true that the more mathematics 
and science they know, the better; but it will be 
fatal to the whole spirit of the engineering degree if 
these subjects were allowed to cut out good level- 
headed students who fail to rise to the highest 
mathematical levels. . If research demands this 
extra training, let it draw from the mathematics 
and physics departments. The young engineer has 
already a full plate before him. 

Next in importance is probably a familiarity with 
anengineering laboratory. This does not necessarily 
mean research, for it often happens that typical 
research apparatus is quite unsuitable for students. 
The student needs practice in getting the best 
possible results with fallible apparatus: research 
needs quick and accurate results of almost celestial 
infallibility. Next, perhaps, is a good knowledge 
of some special branches of engineering, so that the 
student may appreciate that strange combination of 
theory and empiricism which so often forms the 
basis of practice. He must never be given the idea 
that everything can be calculated. Some of the 
things he learns may be of direct use. If so, so 
much the better; but that is not an essential part 
of the training. 

If the above three general principles are covered 

there may still be room for a few non-essentials. 
Some of these may be of direct utility, some may be 
merely flavouring; but it must be kept in mind 
that they are non-essentials and must not interfere 
with the real training. In any discussion it is 
almost certain that a long list of subjects will be 
forthcoming that “‘an engineer should certainly 
know ”—metallurgy, chemistry, heat transmis- 
sion, higher thermodynamics, still higher mathe- 
matics, workshop practice, and so on, almost literally 
ad infinitum. The list is quite likely to include a 
couple of foreign languages, and some knowledge of 
literature ; and some compilers would not need 
much encouragement to extend it to music, psycho- 
logy and workshop first-aid. There is one main 
fallacy behind these individually sensible ingredients 
for a liberally educated engineer—the enthusiasts 
forget that the degree is the start and not the end 
of the training. 
A glance at the regulations governing the granting 
of university degrees shows clearly that they are 
based on certain academic considerations. The 
candidate must have a “ general education ” before 
entering the university; he must follow a wide 
course before any form of narrow specialisation 
takes place ; he must obtain high marks in written 
examinations—to take just three characteristics. 
Unfortunately, these tests, reasonable in themselves, 
are often applied in a narrow and academic way. 
The entrance test is based on the traditional school 
curriculum and “breadth” is measured by that 
standard. Classics, at one time, was absolutely 
essential to a “ broad” training, and even to-day 
many claim that all scholarships should be based on 
a classical foundation. 
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regulations may be quite beneficial ; they turn out 
men equipped for their futute work, fairly sure of 
immediate appointment, and ready for promotion 
to higher ranks. In industrial training, however, 
there are some essential differences from the 
academic. The college training is only a small part 
of the total requirements, and not even an essential 
part in many cases. The initial appointments are 
not hanging like fruit on the trees, ready to be 
picked. The college training is not all to the good, 
because it may have interfered with some other 
training, possibly of even more importance. The 
whole idea of the three-term session and its long 
vacation is for the convenience of the academic 
departments. Again, the academic sections do not 
undergo the vast new demands that may arise from 
new developments. The steam turbine cannot be 
adequately covered in a few odd lectures and elec- 
tronics is a major subject in itself. 

If engineering is to be served by the engineering 
degree, this will not come about by cramming 
more into the existing courses ; neither will it come 
by excluding genuine engineering students by the 
introduction of subjects that will seldom be used, 
even in the highest work of the design office. The 
following general comments are put forward on 
the assumption that the engineering profession 


still needs in its higher ranks men who can decide , 


“What to do, and what to think ”—men who can 
apply new research to industrial problems and 
present the needs of industry in a form that research 
workers can appreciate. They are made with a full 
knowledge that they clash with many long-estab- 
lished customs. 

(1) There are serious dangers in allowing a 
student to proceed direct from school to a degree 
in mechanical engineering. It is not always an 
error, but such students should be warned of the 
dangers. A degree is not all to the good. 

(2) It is more than likely that a six-months 
session is better than the usual nine months, pro- 
vided that it is run in close connection with industry. 

(3) The university may be of use in fostering 
research, but its primary service is the training of 
engineers. If research is to be followed on a big 
scale, the two departments should be separated. 
This does not cut out the possibility of close co- 
Opération between the research and teaching sides. 

(4) If the university is to give specific training 
in special branches—say, gas turbines, or aeroplane 
design—this training should not interfere with the 
general training, which is the primary function of 
the teaehing side of the department. Moreover, 
the lecturers undertaking such special subjects 
must be in close touch with the relevant industry. 

(5) It is not obvious that the present three-year 
course is the best arrangement. 

(6) The entrance test should be a test to ensure 
that the entrant is fit to profit by the course and 
not a search for some mythical general education— 
which will certainly not be discovered by the 
typical written paper. 

(7) At least some of the examinations should aim 
at finding whether the student is something other 
than a sponge—sucking up a prescribed syllabus 
and pouring it out again at his examination. In 
this connection, it may be suggested that much 
more time should be allowed for a student to follow 
his own interests. 

Obviously, a scheme based on these comments 
would be virtually impossible without considerable 
alteration in the duties of the staff, and it might 
be necessary to revise the method of appointment, 
so that there may be a real connection between 
theory and practice. With the above comments in 
mind, however, it may be allowable to do a little 
dreaming as to the real possibilities. 

Students presenting themselves direct from school 
would be asked to get into touch with some firm 
who could give the complementary part of the 
training. The student would then be allowed to 
take a degree in three sessions and be required to 
produce evidence of some study in the “ off” time. 
The actual sessions would be about six months of 
the year. These three years would give all the 
training needed for the general problems of the 
industry. The students might return to the univer- 
sity to follow a higher course or to attend special 
courses of a highly specialised type. These special 





courses might be local part-time courses, or courses 
running for a few days, weeks or months. Some 
would lead to higher degrees, others would be 
focused on the requirements of industry. The 
lecturers would be a mixture of university lecturers 
and men drawn from industry or research. By 
some such scheme, we should retain the spirit of 
the older engineering degree, and, at the same 
time, give opportunities for special training on top 
of the general training. 

Professor John Perry once wrote: ‘‘ Schools and 
colleges are the places in which men ought to learn 
the uses of all mental tools; they are sure to 
specialise afterwards, but in the meantime we ought 
to give them plenty of tools to choose from. The 
average student cannot take in more than. the 
elementary principles, the best students need not 
take in more.” It is a pity that more notice has 
not been taken of the precept. The degree training 
is the start, not the end, of the game. The student 
has the rest of his life before him in which to go 
on learning. 





MANAGEMENT IN IRONFOUNDRIES. 


Tue Council of Ironfoundry Associations, Crusader 
House, 14, Pall Mall, London, S8.W.1, held their second 
‘“*Management Conference” at Ashorne Hill, near 
Leamington Spa, on May 5 and 6, last. Nearly a 
hundred managers and other executives attended, and 
the new chairman of the Council, Mr. N. P. Newman, 
of Messrs. Newman, Hender and Company, Limited, 
presided. In conjunction with the conference, an 
exhibition of protective clothing suitable for iron- 
foundry employees was arranged by the Factory 
Department of the Ministry of Labour. The four 
sessions of the conference covered the subjects of 
productivity, human relations, amenities and marketing. 

The first speaker at the session on productivity, 
Mr. C. D. Hunter, of Messrs. Stevenson, Jordan and 
Harrison, Limited, spoke on “ Productivity and Profit 
—A Job for Management.” In a survey of the prin- 
ciples involved, he stressed the increasing n for 
industrialists to adopt improved methods to achieve 
quality and increased production, and he said that 
many leading concerns had instituted a separate 
function in their organisations for this purpose and had 
reaped an adequate reward. Quality and increased 
production were complementary. This was especially 
true in the ironfounding industry, where the elimina- 
tion of wasters contributed directly to increased pro- 
duction. Mr. Hunter dealt with the development of 
“‘ work measurement,” as a means of enabling pro- 
duction control to function effectively, as a basis for 
reliable costing, and as a method of providing an 
incentive to employees. He emphasised the value of 
such incentive schemes in attaining satisfactory pro- 
duction and high employee morale, if there were honesty 
of purpose in respect of both employees and manage- 
ment, and all time studies were made available to the 
former, showing relaxation for fatigue, personal needs, 
etc. Mr. Hunter also noted the “ preventive main- 
tenance” which mechanisation called for, and on the 
subject of costing he spoke of the accurate control of 
expenditure through flexible budgets and the appli- 
cation of standard costs, indicating how reliable cost 
information could further the sales effort and provide 
the greatest profit. Colonel W. A. Grierson, D.S.O., 
of Messrs. Hayeshaw Limited, following Mr. Hunter, 
explained in a graphic manner how the Lancashire 
cotton industry, benefiting from the experience with 
work measurement, gained between the wars in certain 
European countries, was developing work measure- 
ment, standard costs, production planning, flexible 
budgets and cost control. 

The second session dealt with human factors in 
industry, and the first speaker, Dr. C. B. Frisby, 
Director of the National Institute of Industrial Psycho- 
logy, made the point at the outset that “human 
relations” must interpreted literally as relations 
between real people. Abstract concepts of manage- 
ment and personnel could cloud thinking. Absence 
of discord was not a sufficient criterion. Good relations 
had a positive character evidenced by the will to 
co-operate. Human relations in industry depended on 
the attitudes of people to each other and to their work. 
Attitudes were affected not only by personal qualities, 
but by history and tradition, social and economic 
factors, and physical and psychological aspects ‘of the 
working environments. He concluded by saying that 
managers must be ready to take the lead in developing 
better relations ; their attitudes would largely deter- 
mine the rate of progress. 

Mr. H. Weston Howard, C.B.E., of Messrs. Hayward, 
Tyler and Company, Luton, introducing the discussion, 

ve an account of how joint consultation had been 
applied in his own company over the past 15 years. 
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He made clear that any suspicion between employees 
and management could be banished by complete 
frankness. He corrected the mistaken idea that joint 
consultation requiréd a management to give up ite 
managerial prerogative. Committees were for 
advice and for policy making, but were not good for 
executive use. The two principles that Mr. Howard 
thought should be used in joint cénsultation were : 
(1) management must always manage; it could not 
give up its responsibilities to the employees ; ‘ and 
(2) consultation should always take place between one 
rank and the next above it. He described the pyramid 
structure of the committees in his organisation, with 
the Joint Production Committee at'the bottom level 
and the Policy Committee at the top of the pyramid. 
This Policy Committee would discuss everything, 
including profits. Mr. Howard closed by affirming 
that to obtain the best human relations we must have 
some spiritual strength behind us. 

The third session, on amenities, dealt with the 
installation and conduct of ablution centres, which 
were becoming increasingly numerous in the industry. 
A round-table discussion under the chairmanship of 
Mr. J. W. Gardom, took place between representatives 
of equipment manufacturers, ironfoundry owners and 
professional advisers. They were agreed that the siting 
of an ablution centre in a works was an important 
factor in determining its usefulness. It was also 
agreed that it should be between the foundry and the 
main works entrance, and, for economy, should be 
operated in conjunction with the canteex. Finally, 
the discussion group agreed that good ablution centres 
could attract labour into the industry and also help 
to put up the rate of production. 

In the last session, on marketing, Mr. W. H. Harper, 
of Messrs. John Harper and Company, Limitéd, 
Willenhall, dealt with selling methods applied in the 
industry. He referred particularly to Press adver- 
tising and the sales representative. Mr. Harper's 
address was supplemented by a short paper ff 
Mr. C. J. Lake, of Messrs. Lake and Elliot, Limited, 
Braintree, Essex, who stated that there was only one 
thing that consistently sold castings, and that was 
good castings. A sales organisation must have confi- 
dence in the product it had to sell. To increase the 
industry’s overall sales of castings, the general standard 
from all foundries must be improved. Where sales 
representatives were employed they should have a 
technical background and be thoroughly schooled in 
their company’s production methods, and have a 
working knowledge of design problems. The repre- 
sentative should not be considered only as a salesman ; 
he should follow the castings right the way through 
to final machining and report progress. 











CAMBRIDGE SUMMER SCHOOL IN ELECTRON MICROSCOPY. 
—A summer school in electron microscopy will be held 
again this year in the Cavendish Laboratory,’ Cambridge 
University. The school will provide a grounding in 
the theory and applications of the electron ‘mictoscope. 
The course is intended for those who are already, or in the 
near future will be, operating the microscope in physical, 
chemical or biological laboratories. The lectures will 
dea] with the fundamental theory and operating principles 
of the electron microscope while the various techniques 
of specimen preparation will be demonstrated and 
practised. The three leading models of instrument will 
be used. ‘The school will be held from August 16 to ‘27. 
A detailed syllabus and form of application for adriission 
may be obtained from Mr. G. F. Hickson, M.A., secretary, 
Board of Extra-Mural Studies, Stuart House, Cambridge, 
to whom the completed application ferm should be 
returned not later than June 11. 





THE LATE Mr. H. Towers.—It is with regret that we 
record the sudden death, on May 17, of Mr. Harry 
Towers, managing director of Messrs. A. Reyrolle and 
Company, Limited, Hebburn, County Durham. He 
was born in Bradford in 1897 and started his working 
life with Bell Brothers, Limited, Middlesbrough. Although 
only 17 when war broke out in 1914, he joined the Army 
and served throughout the hostilitiesin the Royal Artillery. 
On demobilisation he returned to Bell Brothers and soon 
after the amalgamation with Dorman, Long and Com- 
pany, Limited, was appointed purchasing agent and 
stores superintendent. In 1933, Mr. ‘Towers joined 
Messrs. Edmundsons’ Electricity Corporation, Limited, 
as chief purchasing agent, and, subsequently, became 
the firm’s commercial manager. He was promoted 
general manager in 1939 and elected a director of the 
company’s associated and subsidiary companies. In 
1946, Mr. Towers was appointed general manager and a 
director of Messrs. Reyrolle and took up his new duties 
at the beginning of 1947. Shortly afterwards he was 
appointed managing director. He was a Companion 
of the Institution of Electrical Engineers and had served 
on the Centra] Electricity Board’s National Consultative 
Committee. 
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SEMI-CONDUCTORS AND 
RECTIFIERS.* 


By Preressor N. F, Mort, M.A., D.Sc., F.R.S. 


Tus term semi-conductor is used to denote a solid of 
which the specific resistance is much greater than that 
of metals and of which the resistance increases as the 
temperature decreases. No hard and fast line can, 
however, be drawn between semi-conductors and 
substances showing metallic conduction; indeed, a 
continuous transition can be traced from one to the 
other. Apart from the elements selenium, germanium 
and silicon, most semi-conductors are metallic oxides, 
sulphides or silicates, although some oxides, for instance, 
magnetite (Fe,0,), show properties similar to those of 
metals. Some inter-metallic compounds, for example, 
an alloy of magnesium and tin, with a composition 
Mg,Sn, also possess the characteristics of semi-con- 
ductors. 


A non-conductor must be regarded as a substance in 
which there are no free electrons, but all crystalline 
substances are capable of electronic conduction, if 
free electrons are introduced into them. The reason 
for this can best be understood by considering one or 
two typical substances. Sodium chloride, for instance, 
has a simple cubic structure, being built up of sodium 
cations Na+ and chloride anions Cl—. If an extra elec- 
tron is introduced from outside the crystal and 

on one of the Na+ ions, to form a sodium atom, 
it is believed that it will be able to move freely from one 
Nation to another. No activitation énergy is believed 
to be n to uce this motion, the electron 
being capable of penetrating any potential barrier that 
may exist between the Na+ ions, owing to what is known 
as the quantu hanical t l effect. It is possible 
te bring an electron from one of the Cl— ions into the 
mobile state, so that it can jump from one Na+ ion to 
another, but energy of about 8 electron volts is required 
for this purpose. Since 8 electron volts is very large 
compared with normal energies at room temperature 
(0-025 electron volt), no such electrons are normally 

t. An electron in this mobile state is said to be 





**in the conduction band.” Theoretical investigation 
has shown that such a mobile electron, jumping from 
ion to ion, behaves very like a free electron. It has a 
minimum permissible energy (usually 1 to 3 electron 
volts below that of an electron at rest in free space) in 
which the jump velocity may be considered as zero; 
and it can move with increasing energy and velocity 
through the lattice. Any normally non-conducting 
crystalline solid possesses a conduction band. 

There is another way in which a material, such as 
sodium chloride, can conduct. If an electron is 
removed from one of the chloride ions, leaving a chloride 
atom, an electron in an adjacent chloride ion can jump 
on to the atom without the addition of energy. This 
process can be repeated giving rise to a current. The 
chloride nl ce generally the place from which 
an electron is missing—is called a “ positive hole.” 
Theoretical investigations show that a positive hole 
ought to behave like an electron with a positive charge 
and should have a sign opposite to the electrons in 
phenomena which depend on the sign of the charge 
carriers (for cxample, the Hall effect). It is not clear 
that this process takes place in alkali halides, but it 
certainly does in silver salts. 

In cuprous oxide (Cu,O) copper is in the form of 
cuprous ions Cu+ with the configuration (3d)!°. With it 
there is, in addition to the two forms of conduction 
mentioned above, a third possibility, which arises 
from copper possessing two valencies. If an electron 
is removed from one of the cuprous ions forming the 
cupric ion (3d)*, this “hole” can be transferred by 
electron exchange through the lattice by the second 
of the foregoing processes. This is, in fact, the type of 
conduction which occurs ' cuprous — = a 
argument applies to nickel oxide (NiO), in which the 
nickel ions an in the state Nit+ + (3d)* and the sub- 
stance, when pure, is a non-conductor. If, however, 
trivalent ions Ni+++ are introduced electron transfer 
takes place and the material becomes conducting. 

In all non-conducting materials it should be possible 
to create a mobile electron (electron in the conduction 
band) and a positive hole. Definite energy is required 
for this purpose; and if this is low enough, or the 
temperature is high enough, a certain number of 
mobile electrons and an equal number of positive holes 
will be present in thermodynamic equilibrium. The 
cenductivity o is then given by 

o = Ne (vy + V9) 
where n, is the number of electrons per unit volume, v, 
the mobility of an electron and v, that of a hole. 
These mobilities are probably of the same order of 
magnitude, vary with the temperature much less 
rapidly than n, and lie between 1 and 100 cm. per second 
per volt per centimetre. The conductivity of an 





* The 40th Kelvin Lecture delivered before the 
Institution of Electrical Engineers on Thursday, April 21, 
1949. Abridged. 
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intrinsic semi-conductor should thus be of the form 
E 
o=-Ae_ 4; T 
where A is from 30 to 3,000 per cm. per ohm, and E is 


the energy required to free an electron. There are 
only three substances—silicon, germanium and lead 


sulphide—in which E is small enough for intrinsic | 


conduction to be appreciable below the melting point. 

In impurity semi-conductors electrons are set free and 
introduced into the conduction band from impurity 
centres, which are present in rather low concentration 
(usually not less 0-02 per cent. in commercial 
semi-conductors). In excess semi-conductors (where 
the current is carried by the electrons and not by the 
positive holes), these impurities are all positively 
charged singularities in the lattice and are accompanied 
by an electron, which is held trapped by the field of the 
charge. For instance, silicon and germanium (n type 
impurity, i.e., excess semi-conductor) both behave as 
intrinsic semi-conductors at high temperatures, but 
acquire, in addition, a greatly enhanced conductivity 
by the addition of elements to the right of them in the 
periodic table, which go into substitutional solution. 
The addition of from 0-0005 to 1 per cent. of phos- 
phorus, for instance, greatly increases the conductivity 
of silicon. Now silicon has a diamond structure, so 
that four electrons of each atom are taken up by bond 
formation. Thus, if a phosphorus ion P+ is substituted 
for silicon, its four electrons will replace those of the 
silicon atom. The additional electron is not taken up 
in bond formation, but is held in position by the positive 
charge of the P+ ion and is easily liberated into the 
conduction band. 

In such semi-conductors as titanium oxide and zinc 
oxide conductivity is produced by partial reduction, 
the impurity thus being excess metal. It is believed 
that the metal ion Ti+ or Zn+ is dissolved interstiti- 
ally in the oxide lattice and that again the electron is 
held in the field of the positive charge. I of an 
interstitial ion there may be a site from which the anion 
is missing. Such a site will carry a net positive charge 
and will be able to hold an electron. A site where an 
anion is replaced by an electron is known as an F-centre. 
Such sites do not occur in oxides, but are found in 
halides where they have been extensively studied. 

Deficit semi-conductors are those in which conduction 
takes place through the motion of positive holes. 
The impurity centres may be of the p or F-centre types. 
Thus silicon becomes a defect (p type) conductor when 
boron, which lies to the left of it in the periodic table, is 
added. Boron has three electrons outside a closed 
shell. It needs four in order to enter into bonds with 
its neighbours. A positive hole is thus formed, which 
is normally held by the boron ion, but can escape into 
the lattice. In such oxides as cuprous oxide, which 
acquire their conductivity by reduction, the impurity 
centre is a site from which Cu+ is missing combined 
with an electron which is missing from one of the Cut 
ions (positive hole). Since these centres produce singu- 
larities of opposite sign the energy is lowest when they 
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are in adjacent sites. As the temperature is raised, 
however, they separate and the positive hole can 
move through the lattice. 

Nickel oxide, a pale yellow-green insulator when 
pure, acquires conductivity on partial oxidation, It is 
then black and contains oxygen in excess. The 
impurity centres in it are sites from which the Nit + 
ion is missing. To maintain electrical neutrality two 
electrons must be removed producing two Ni++ + ions, 
These will normally be in adjacent sites to the vacant 
site, but, as the temperature is raised, they will separate 
and move through the lattice. Nickel oxide with 
excess oxygen is thus a deficit semi-conductor, like 
cuprous oxide, the difference being that the metal ions 
are farther apart. Magnetite (Fe,0,) provides a par- 
ticularly interesting case. It consists of ferric and 
ferrous ions in the ratio of 2 to 1. It therefore shows 
almost metallic conductivity at room temperature, any 
difference being due to the sluggishness of the electrons, 
which must jump from ion to ion. At about 130 deg. K 
there is, however, a sudden fall to below 0-1 mho per 
centimetre due, Verwey suggests, to the fact that the 
electrons here form a sort of superlattice. 

Some substances, like selenium, germanium and lead 
sulphide, behave as either excess or defect semi-con- 
| ductors, according to the type of impurity. Ifa i 


semi- 
| conductor contains —— of both types in the 
i volume, they wi 





not, however, activate it for 
excess and deficit semi-conduction at the same time. 
A material will only show hole and electron conduction 
if the temperature is high enough for it to act as an 
intrinsic semi-conductor. A semi-conductor contain- 
ing equal concentrations of centres of the two types 
therefore behaves like an intrinsic conductor. In all 
excess conductors the impurity centre can be regarded 
as an electron in the conduction band held by a sub- 
stitutional or interstitial positive ion. In defect con- 
ductors a positive hole is held by a negatively charged 
centre of some kind. The force between the electron 
and the trapping centre is 


a 
7 
where x is the dielectric constant. The electron and 
the positively charged centre (or the “ hole” and its 
centre) may thus be regarded as forming an “ atom ”’; 
and the electron as moving in orbits round the centre 
under the influence of the force given by the above 
formula, which is naturally only valid for distances r 
great compared with the interatomic distances. Never- 
theless, the formula may be used, in conjunction with 
the Bohr-Schrédinger formula for the energy of an 
electron in an atom, to estimate the binding energies 
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und radii of the orbits. From these it appears that 
the energy required to release an electron varies 
inversely as the x. 

It may thus be deduced that the larger x is the 
smaller wili be the energy; and hence for equal con- 
centration of impurity centres the greater will be the 
conductivity. For elements, such as silicon and ger- 
manium, « is the measured dielectric constant. For 
oxides calculations show that « should lie somewhere 
between the low frequency dielectric constant and p?*, 
where » is the refractive index. Thus the high dielec- 
tric constant of silicon and germanium, where the two 
are the same, should lead to exceptionally low activa- 
tion energies, Calculation also shows that, other things 
being equal, an F-centre type of impurity centre has a 
greater energy value than an interstitial ion. Semi- 
conductors, such as nickel oxide, do not possess very 
low energy values or very large radii, owing to the fact 
that the nickel ions are so far apart that the “ effective 
mass ” of the carrier is large. 

One of the most characteristic properties of semi- 
conductors is that the apparent activation energy 
decreases markedly with increasing concentration of 
the impurity centres, even for concentrations of the 
order 10'*, so that the centres are about ten lattice 
spacings apart. Though no quantitative theory has 
been given for this effect, it is believed to be due to 
the interaction between these very large impurity 
centres. In many cases a continuous transition from 
the behaviour characteristic of a semi-conductor to 
that more like a metal can be observed. Germanium, 
silicon and lead sulphide all show this effect. 

One of the outstanding tasks in dealing with the 
theory of semi-conductors is to deal with the overlap 
between centres and the way in which this decreases 
the activation energy. It would also be desirable to 
know for what concentration of impurity the activation 
energy reaches its true value. Energy as a function 
of concentration may be ex to appear as in 
Fig. 1, opposite. Experimental work with highly puri- 
fied materials would be of great interest to see if this is 
the case. An approximate formula relevant to an im- 
purity semi-conductor at low concentration has been 
obtained and is usually sufficient. At high tempera- 
tures, however, the impurity centres in, for instance, 
silicon and germanium, all become ionised, the number 
of electrons increasing no further as the temperature 
rises. To obtain the conductivity, the mobility of 
the electrons or holes must also be known. For ger- 
manium, values for the mean free path of the order of 
10-5 cm. are obtained. Wilson’s original work gives 
the mean free path as inversely proportional to the 
temperature and a recent paper by Seitz shows that it 
is independent of the velocity of the electron (for non- 
polar lattices) and inversely proportional to the tem- 
a so that the mobility is proportional to T-i. 

he thermo-electric power of semi-conductors has been 
investigated most recently by Henisch. He finds that 
the potential difference V between the ends of a semi- 
conductor is given by 
T, 
: ™ (x) 


2e°T, —Ts 


Vv 

ieee aA = 
T, - Ty 

where A is a constant depending both on the metal and 

the semi-conductor and e is negative for excess and 

positive for deficit conductors. 

The theory of rectification is applicable both to 
plate rectifiers, such as the copper-cuprous oxide or 
selenium rectifiers and to crystal rectifiers, such as 
silicon and germanium, where the contact is a metal 

int. As applied to an excess semi-conductor it postu- 
ates that in a layer about 10-* to 10-5 om. thick adja- 
cent to the metal the impurity centres lose their elec- 
trons to the metal, so that a positive space charge is set 
up. This induces an equal and opposite negative charge 
on the surface of the metal. A double layer is thus set 

between the metal and the semi-conductor, which 
lowers the potential of the latter until balancing occurs 
for electron interchange between semi-conductor and 
metal. If now a field is applied in such a direction as 
to drag electrons from the metal to the semi-conductor 
(blocking direction), the field is altered as shown in 
Fig. 2, opposite, the barrier widens and electrons still 
have to surmount the potential step ¢ (of the nature of 
a work function), which exists at the boundary between 
metal and sémi-conductor. The current from metal to 
semi-conductor thus remains small, being governed by a 

9 


factore *7_ If the field is applied in the other direc- 
tion, however, the thickness of the barrier decreases 
and, more important, so does its height, measured from 
the level of the conduction band of the semi-conductor. 
The current from semi-conductor to metal is now 
determined by the factor 


owe {has 


kT 
where V is the voltage across the contact. The total 





current, whatever the direction of the field, may thus 
be répresented by the formula 
eV 
=z) . 


A detailed application of the theory gives the result 
that the capacity of the contact depends on the density 
of the impurity centres in the surface layer. This 
may depend on the distance from the contact. If 
N (z) is the number of centres per cubic centimetre at 
a distance z from the layer and C is the capacity mea- 
sured for an alternating current when a bias voltage V 
is applied across the contact, it can be shown that 


(3 
Current = constant ¢ ed - exp ( 


8a 
N (z) = ——.. 
a() 
Ou 


av 





A plot of or against V enables N (x) to be estimated, 
using the further relation that 


K 


4az 
If N (x) is independent of C, integration, coupled 
with the boundary condition that i 
¢ + V, gives 


vanishes with 


1 «e 
= = —— Vv). 
Cc gan Pt ' 


Plots of 6 against V and extrapolations to - 0 


c= 
enable an estimate of ¢ to be made. 

Detailed calculations of the current may be made 
according to the “ diffusion theory” (this is valid 
when, as for oxides, the mean free path is short com- 
pared with the barrier thickness), or according to the 
** diode theory ” when, as for silicon and germanium, 
the mean free path is exceptionally long compared 





with that thickness. Both give very nearly the same 
result. According to the diffusion theory, with a 
constant distribution of impurity centres 
(¢+eV)8aN)t _¢ _ —eV 
Jn{ S828 a (— $m 
and with no impurity centres 
¢ +eV ¢ = —ev\) 
dies a eae oP \~ eg) ~— Pl ae i 
These formule represent extreme cases and other dis- 
tributions cf impurity centres should give values lying 
between them. According to the diode theory 

j v $ 1 — exp|{ — i) 

j= tnevexp\ — 7 Pp kT 

— * and n is the number of free elec- 


where v = ( 


trons per unit volume in the bulk semi-conductor. 
The formule will only reproduce the observed 





characteristics of the rectifier in the forward direction 
if the resistance is great compared with that of the 
bulk semi-conductor. This will cease to be the case 
when (¢—v) ~ 0-2 to 0-3 electron volts. The 
formule will also only apply in the blocking direction, 
when the field in the barrier layer is sufficiently strong 
to lower the effective height of the barrier ¢. This 
may be due either to the so-called Schottky effect, 
that is, the lowering of the work function of strong 
fields, owing to the image force between an electron 
and a worn A or to strong field emission. Either of 
these may explain the fact that in all rectifiers the 
current increases rapidly at a sufficiently strong 
back voltage, as shown in Fig. 3, opposite, which is the 
voltage-current characteristic of a germanium rectifier. 
This increase in current depends on the field at the 
surface, while the rectifying characteristic depends on 
the voltage across the layer. Thus the condition for 
high blocking voltage is that the blocking layer should 
be wide. This will be the case if N, the concentration of 
impurity centres, is small. In order, however, that 
the bulk resistivity of the semi-conductor shall not be 
too high, it is necessary that the ionisation energy E 
shall be as low as possible, so that the small number 
of impurity centres shall give as many free electrons as 
possible. This is probably the reason why germanium 
roduces so high a back voltage, as the value of E for 
be concentration centres is only 0-007 volt. This, in 
turn, is due to the high dielectric constant. There is, 
however, some difficulty in understanding how the 
concentration of impurity centres can be low — « 
to give the high back voltage observed—about 100 volts 
—consistent with the observed conductivities. 
The quantity ¢ in Fig. 2 is important in the theory of 





rectification. It represents the “ work function ” for 


the ejection of an electron from the metal into the 
eonduction band of the semi-conductor. It must lie 
between 0-5 and 1-0 electron volt, in order to give the 
resistance of the barrier layer a sufficiently, but not an 
excessively high, value. For copper-cuprous oxide 
rectifiers it is 0-7 electron volt ; and it seems, generally, 
that for an oxide formed chemically on metal it is less 
than 1 volt. The resistance and rectifying properties, 
however, depend very little on the metal used, a 
fact which has led Bardeen to introduce his conception 
of surface states. According to this theory, the surface 
levels most likely to be present are those provided by 
adsorbed, oxygen. It is known that oxygen adsorbed 
on oxideg produces surface states about 3 electron volts 
below the level of the conduction band. These 
oxygen levels are neutral when empty, but a negative 
surface charge is set up when they are filled. It is 
clear then that in an excess semi-conductor they will 
lead to the setting up of a Schottky type barrier at a 
free surface. When the oxygen level is above the full 
band (¢ less than E,), as in oxides like titanium and 
zinc oxide, which are excess conductors, the barrier 
set up is shown in Fig. 4. Here the height of the 
Schottky barrier is ¥, the surface levels collect nega- 
tive charge and a corresponding space charge appears 
in the semi-conductor. When the oxygen levels are 
below the full band, as appears to be the case for 
germanium, electrons are transferred from the top 
of the band to the adsorbed oxygen atoms and form a 
very thin double layer of the thickness of the oxygen 
layer. This state of affairs is shown in Fig. 5, which 
shows the Schottky barrier at the surface of germanium. 
The potential barrier presented by the oxide layer is 
probably thin enough to be penetrated by the tunnel 
effect. Thus the height of the effective Schottky 
barrier is E, 

The existence of a Schottky barrier of this type will 
affect the resistance at the contact between two speci- 
mens of the same semi-conductor, giving a high resist- 
ance varying with temperature. If a voltage great 


compared with <7 (0-025 volt) is placed across such 


a contact the resistance should vary non-linearly 
with the current. It is not, however, clear whether 
the contact should behave like a rectifier in the forward 
or in the blocking direction. Actually, silicon carbide, 
whether excess or deficit, behaves in the former manner 
and high back-voltage germanium rectifiers in the 
latter. It is also not clear why silicon carbide shows 
similar non-linear characteristics at contacts, whether 
it is an excess or defect semi-conductor. 

A metal brought into contact with a crystal will 
normally be covered with its own oxide layer, on the 
surface of which there will be adsorbed oxygen. The 
only case in which the presence of metal—with its 
oxide level—can change the height of the Schottky 
barrier in the semi-conductor is when the levels in the 
oxygen adsorbed to the metals are below those of the 
oxygen adsorbed to the semi-conductor. If, however, 
the two layers are brought very close together, so that 
the oxygen on the metal drains all the electrons from 
those on the germanium, the height and width of the 
Schottky barrier will then increase; and the value of 
¢ for the contact will depend on the work function 
(with oxide layer) of the metal used. If the metal 
electrode is fused to the crystal, however, it seems 
doubtful whether the free oxygen atoms nsible 





for these surface states will not be reduced by metal or 
semi-conductor. If this happens the value of ¢ 
observed will depend on the metal used. It cannot, 
however, be greater than E, and if the level of the 
surface of the Fermi distribution of electrons in the 
metal is below the highest level of the full band in the 
oxide, it will have this value. 

This is in agreement with the experimental facts 
about germanium, which are that the properties of the 
contact, in particular the height of the potential barrier, 
do not depend on the current used. The value of ¢ 
obtained (0-67 electron volt) is practically the same 
as the value of E determined from the tempera- 
ture-dependence of intrinsic conduction. Germanium 
only rectifies. well if it is an excess conductor, since no 
barrier can be set up if it contains only acceptor levels. 
On the other hand, silicon only rectifies well when it is a 
defect conductor. This wou: suggest that the surface 
of the Fermi distribution of the metal, or of some donor 
levels in adsorbed oxygen, are above the level of the 
full band. The reason for this difference between 
germanium and silicon is unknown. 





THe Late Mr. A. H. BROwWETT.—We regret to 
announce the death on May 25, of Mr. A. H. Browett, 
who was for 37 years on the staff of the Igranic Electric 
Company, Limited, Bedford. After gaining experience 
on both the technical and the sales sides of the business, 
Mr. Browett was moved to the London office in 1920, 
where, among other duties, he served as outside sales 
representative for radio components. He retired owing 





to ill-health last year. 
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TRIPLE-DRAW PUSH-POINTING TUBE DRAWBENCH. 


THE HEAD WRIGHTSON 





TRIPLE-DRAW PUSH-POINTING 
DRAWBENCH FOR TUBES. 


Wuat we believe to be the first triple-draw push- 
pointing tube drawbench to be made was installed 
recently by the Head Wrightson Machine Company 
Limited, Commercial-street, Middlesbrough, in the 
works of The Mint (Birmingham), Limited, for the pro- 
duction of brass and copper tubes. The machine 
incorporates many interesting features, the whole 
process of drawing and discharging the finished tubes 
being completely automatic ; 
manhandle the tubes beyond placing them in a maga- 
zine. The drawbench can be arranged to draw one, 
two, or three tubes at a time, and although fitted with 
automatic control, can be changed over instantly to 
manual control for setting up, etc. 

A photograph of the machine is reproduced in Fig. 1 
above, where it is shown installed in the works of The 
Mint (Birmingham), Limited. It has a maximum rated 

pull of 25,000 Ib., and is suitable for drawing tubes up to 
a finished length of 25 ft. The length of draw, how- 
ever, is restricted by the site and similar benches are 
being constructed with considerably greater lengths of 
draw which, in some cases, exceed 100 ft. Before giving 
details of the operation of the machine, however, it may 
be advantageous to explain briefly the push-pointing 
process; this can be described best by reference 
to Figs. 3, 4, 5 and 6, opposite, which show the essential 
parts of the machine in diagrammatic form. Although 
only one tube is shown in each diagram, the process 
is exactly the same for all three tubes. The tube 
to be drawn, which is lettered a in the diagrams, 
is first threaded over a rod b, the end of which is fitted 
with the drawing plug c. The tube and plug are then 
pushed through a set of grips d which are located in 
the pusher carriage e so that the end of the tube comes 
against the face of the die f. The exterior of the tube 
is then held firmly by the grips d, which can be actuated 
either pneumatically or hydraulically, and the pusher 
carriage is moved forward, the tube, as a consequence 
being forced through the die as shown in Fig. 4, the 
length of tube protruding through the die being suffici- 
ent to enable the drawing-carriage grips to take hold. 
The push-pointing grips d are then released and the 
pusher carriage e returns to its original position. 
During the same period, the drawing plug c is brought 
to the position indicated in Fig. 5, the drawing carriage 
comes against the face of the die, and the grips lettered 
g in Figs. 5 and 6, which are integral with the drawing 
carriage, take hold of the protruding end of the tube. 
The drawing carriage then moves away from the die 
and drawing proceeds, the plug c taking up the position 
indicated in Fig. 6, its travel towards the drawing 
carriage being limited by a stop fitted to the end of the 
rod 6. At the end of the drawing process, the plug 
returns to its original position ready to receive the 
next tube. 


| exactly the same as that just described, 


there is no need to| 








GENERAL VIEW OF DRAWBENCH. 


ya. 3. 


1, the process is 
the only 
difference being that three tubes are drawn simultane- | 
ously, the three dies being fitted side by side in a com- 
mon die plate. 


On the machine illustrated in Fig. 


successive drawing passes, six rods and plugs are pro- | gearing driven by a separate 5-h.p. motor. 


vided which are arranged in two sets of three, one set 
being opposite the drawing dies, as indicated in Figs. 3 | 
to 6, while the other set is in line with the charging | 


MACHINE COMPANY LIMITED, MIDDLESBROUGH. 








the pinch rollers and the complete bench then rotate, 
180 deg. about the longitudinal axis of the machine 
thereby bringing the new set of tubes opposite the 
| drawing position. The back bench is rotated by an 


In order to reduce the interval between | externally-geared ring, which meshes. with reduction 


The back 
bench then returns towards the die plate and the 
three tubes are passed through the push-pointer grips 
so that the tube ends come up against the entry sur- 


positions. The rods and plugs are fitted to a rotating | faces of the dies as indicated diagrammatically in 
back bench and immediately the drawing of one set of | Fig. 3. The tubes also are shown in this position in the 


tubes is completed, the bench moves away from the die | 
plate and rotates through 180 deg., thereby bringing 
a fresh set of tubes opposite the drawing position, its 
action being somewhat analogous to a six-spindle auto- 
matic lathe. The tubes to be drawn are placed in a 
single layer on a loading rack, the ends of the tubes 
adjacent the dies being located by a stop plate. The 
tubes are then raised by endless-chain elevators and 
are delivered to four Archimedian screw conveyors, 
the axes of which are at right angles to the longitudinal 
axis of the machine. The rack and endless-chain 
elevators can be seen in Fig. 7, on page 516, while the 
screw conveyors can be seen in Figs. 8, 9 and 10, on the 
same page. The pitch of the conveyors is equal to the 
distance between two rods and plugs, so that the tubes 
are spaced automatically the correct distance apart. 
As soon as the tubes come opposite the loading stations, 
the tube farthest from the elevator operates a limit 
switch which stops the elevator and conveyor motor and 
brings into operation the pinch rollers which feed the 
tubes over that set of plugs and rods not opposite the 
dies. The pinch rollers are, of course, in line with the 
rods and they are brought into and out of action by 
lowering and raising the top set of rollers, the actuating 
mechanism consisting of a series of pneumatic cylinders, 
one for each set of pinch rollers. The rollers can be seen 
in Fig. 8, on page 516, where the top rollers are shown 
in the raised position. They are driven by a separate 
2-h.p. motor, and in order to ensure that the distance 
the tubes are fed on to the rods is in correct relationship 
with the die plate, each pinch-roller assembly is fitted 
with a limit switch arranged so that the top pinch 
rollers are lifted as soon as each tube is fed the correct 
distance on to its rod. Each limit switch is operated 
by an extension arm fitted to the top pinch-roller hous- 
ing, the end of the arm, being provided with a roller 
which makes contact with, and is supported by, the 
tube when the pinch rollers come into operation. As 
soon as the end of the tube moves past the centre line 
of the roller, the latter drops and breaks the circuit of 
a magnetic valve, causing the pinch rollers for that 
particular tube to be opened. The extension arms 
and limit switches can be seen in Fig. 8, on page 516. 

As previously mentioned, the machine is fitted with 
a rotating back bench and as soon as the drawing of 
one set of tubes is completed, the back bench is with- 
drawn. This moves the fresh set of tubes clear from 








photograph reproduced in Fig. 2, opposite, which 
is a view of the interior of the machine, the pusher 
carriage being in the foreground and the dies and die 
plate immediately behind it. As soon as the tubes 
reach this position, the push-pointer grips engage 
with the tube and the pusher carriage is moved forward 
hydraulically, the tubes, in consequence, being forced 
through the dies as shown diagrammatically in Fig. 4. 
Immediately the push pointing of the tubes is com- 
pleted, the grips, which are pneumatically operated, 
are released and the pusher carriage returns to its 
original position. At the conclusion of the push- 
pointing stroke, the tubes are left with their leading 
ends protruding from the exit faces of the dies, as 
shown in Fig. 9, on page 516. At this point the 
plugs are moved to the position shown diagram- 
matically in Fig. 5. The ends of the plug rods are 
held by frames free to slide within the rotating por- 
tion of the back bench, there being two frames, one 
for each set of three rods. The frames and, there- 
fore, the plugs and rods, are moved forward inde- 
pendently of the back bench by a pneumatic cylinder 
and piston assembly; this can be seen in Fig. 1, 
fitted to the end of the supporting structure for the 
rotating portion of the back bench. It will be realised 
that each frame will be brought opposite the piston in 
turn when the back bench rotates through 180 deg. 
The drawbench carriage, which is of the automatic 
type, can be seen in the right foreground of Fig. 9, 
where it is shown approaching the die-stand. It is 
returned by a motor-driven winch designed to move 
the carriage at a speed of 250 ft. per minute ‘until 
it approaches the die stand, when it is slowed down 
automatically so that it makes contact gently with 
the face of the dies. It is prevented from rebounding 
by a spring-loaded detent, which engages with a 
spigot integral with the frent face of the draw-bench 
carriage ; the spigot and the socket in the front face 
of the die stand can be seen in Fig. 9. For the actual 
drawing operation, the ends of the tubes protruding 
from the die stand engage with grips fitted to the 
face of the drawbench carriage and the carriage 
moves away from the dies, as shown progressively 
in Figs. 5 and 6. The carriage is drawn along the 
bed of the machine by an endless heavy-section 
built-up chain; this is driven by a 200-h.p. electric 
motor, fed from an alternating-current supply through 
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an induetion regulator and a mercury-are rectifier, | during the drawing operations, but manual control is 
the speed of the drawbench being variable up to/| provided for setting up or for passing through odd 
@ maximum of 200 ft. per minute. The carriage |jobs. Obviously it is desirable for a high-production 
is connected to the chain by a hook integral with unit of this type to be in operation for the maximum 
the carriage, which drops into engagement with | time possible. The machine has been designed, there- 
the chain when the carriage makes contact with the | fore, so that the carriage and push-pointing grips and 
die stand. When each tube emerges from the dies, the dies can be changed rapidly; these operations take 
corresponding carriage grips open and as the last tube | only a few minutes and make it possible to deal with 
emerges the carriage hook is disengaged from the|small batches of tubes without interfering unduly 
chain, the carriage continuing to move for a short | with the economic operation of the plant. When 
distance under its own momentum before coming to | handling single tubes, however, it is necessary to change 
rest. When the drawbench carriage returns to the | the die-plug and carriage nose, but this can be carried 
die stand, the chain is retarded to a predetermined | out quite easily. As previously mentioned, the bench 
bottom speed, but on engagement of the hook, it | has a maximum rated pull on the chain of 25,000 Ib., 
accelerates to a predetermined ne ge The accelera- | and is suitable for drawing tubes up to a maximum 
tion is smooth and rapid, and allows high drawing | length of 25 ft. The maximum size of tube, or tubes, 
speeds to be obtained without the danger of tube | which can be drawn at a time depends, of course, on 
breakage. The carriage is exceptionally rigid and is | the reduction of area and the condition of the material. 
provided with adequate guide surfaces to ensure that | As an approximate guide, however, it may be assumed 
no eccentric loads are applied to the tubes during the | that, when the machine is drawing a single tube at 








drawing operation. 

In order to prevent the tubes dropping on to the draw- 
bench chain when they emerge from the dies, three skid 
arms are provided, which are arranged to swing across 
the bed behind the drawing carriage. The skid 
arms are shown in Fig. 10, on page 516, where they 
can be seen extended across the bed of the machine. 
Each skid arm is fitted with a pneumatically-operated 
ejector, which discharges the tubes into the stacking 
pocket alongside the machine. The ejectors then 
return and the skid arms swing back so that they lie 
parallel to the bed of the machine, thereby allowing 
the carriage to return to the die stand ready for the 
next group of tubes. 

The lubricant for the dies and plugs is supplied by 
two motor-driven pumps, the die mountings being 
designed so that the alee being.drawn pass through 
an annulus of oil under pressure. The plug rods are 


each pass, the maximum outside diameter is 24 in., 
| while for two tubes at a pass, the diameter is 1} in. 
and for three tubes }§ in. 

The push-pointing process has been used successfully 
for aluminium, soft-copper, brass and steel tubes. 
These have been push-pointed and drawn for six 
successive passes without difficulty, and, if required, 
several more passes could have been obtained without 
removal of the push-pointed portion of the tube. It 
will be realised that the push-pointing process has 
several advantages over other methods, as it eliminates 
the usual pointing machine, with consequent saving in 
labour charges and floor space. The concentric point 
formed renders gripping more positive and as the 
|length of the push-pointed portion is only 4} in., 
there is a reduction in point scrap. The hollow point 
facilitates annealing; pickling and washing, and eli- 
minates airlocks, thereby enabling the drawing plug 





hollow, the lubricant for the plugs passing down the | to be located quickly and accurately and so avoids 


centres of the rods and escaping through suitable ports. 
The machine is completely automatic and once set up 
it is unnecessary for the operator to touch the tubes 





off-gauge tubing. The time for the actual process of 
tube drawing is not increased, as push-pointing takes 
place while the carriage is returning to the die stand. 


BUILDING RESEARCH AND 
DEVELOPMENT. 


In December, 1947, the. Minister of Works (the Rt. 
Hon. C. W. Key, M.P.) appointed an Advisory Council 
on Building Research and Development, under the 
chairmanship of Sir Harold Emmerson, to review 
building research and technical development, including 
the allied branches of civil engineering; to suggest 
subjects for further research; and to advise on methods 
of securing the use by industry of the results of research 
and technical development. In their first report, which 
has now been published by H.M. Stationery Office, at 
the price of 6d. net, the Advisory Council record that 
both employers and operatives in the building industry 
have demonstrated their willingness to experiment 
with new materials and methods and to adopt mechani- 
sation in construction to the fullest possible extent. 
If further progress is to be achieved, however, research 
workers must be brought into closer contact with the 
different groups in industry and educational bodies, so 
that thé conclusioris reached may be known to all. 

One of the most important of the Council’s recom- 
mendations is that 10 houses should be built on 12 
selected sites in England and Wales and three in Scot- 
land in an attempt to determine the types of design, 
services and equipment likely to ensure the best living 
conditions at low cost. These houses, which will have 
a superficial area of 950 sq. ft. in England and Wales 
and 1,100 sq. ft. in Scotland, are to be built in pairs 
facing south and will be heat insulated to an approved 
standard. There will be variations in the ground- and 
first-floor plans and in the materials used ; three systems 
of heating will be employed and there will also be differ- 
ences in the ventilating, cooking and food-storage 
arrangements. Experiments made during the past few 
years on new methods of construction for houses. have 
shown that the employment of new principles in the 
manufacture and erection of walls may result in a saving 
of as much as 40 per cent. in labour costs. As, how- 
ever, two-thirds of the man-hours required to build a 
traditional house are taken up by operations not 
included in the erection of walls, the Council consider 
that it would be valuable to discover whether propor- 
itional economies can be achieved by non-traditional 
‘techniques. It is therefore recommended that between 
| 400 and 500 further houses should be erected. In one 
: group of these, the components would be interdependent 
{and the whole house would form a highly integrated 
| unit, while in the other the houses would be made up of 
accurately constructed shells into which a varisty of 
components can be fitted. The costs of constructing 
| these two types would be compared with each other 
{and with those of a number of traditional houses, 
which would also be built as part of the experiment. 

The Council also recommend continued research into 
the properties and employment of all kinds of building 
materials, especially into the cost of stone, it being 
considered possible to make greater use of this material, 
In view of the shortage of some key materials, such 
as timber and steel, it is also important that more 
precise information should be available about the stand- 
ards of structural strength necessary for houses. The 
report states that much work remains to be done on 
frames of light alloy and reinforced concrete and that 
the development of pre-stressed concrete in long spans 
may have far reaching results. ; 

It is recorded that experiments are now being 
planned to show how much labour and cost can be 
saved by new methods not only under the controlled 
conditions of the development stage, but under the 
much more varied conditions on site and in factory. 
Among the new machines in process of development, 
mention is made of small excavators for footings 
and drain trenches, an earth auger for pile foundations, 
concrete transporters, mixer loading equipment, @ 
roller conveyor for handling materials, a brick-hoist 
attachment for a mechanical shovel, scaffold jacks and 
temporary covers for building work. As clinker from 
power stations and other large coal 
users can be a valuable building material it is recom- 
mended that a pilot plant for cleaning boiler ashes 
should be erected at Twickenham. ; 








the furnaces of 





LECTURES ON FOREMANSHIP.—A short lecture discus- 
sion course, organised by the County Boreugh of Smeth- 
wick Education Committee and the Institute of Industrial 
Supervisors, is being held on Saturday mornings from 
10 until noon, at the Chance Technical College, Crocketts- 
lane, Smethwick. The next meeting wil] be on June 11, 
when Mr. N. Whittaker will speak on “ The Foreman 
and Works Measurement.”” On June 18, Mr. M. Clapham 
will deal with “‘ The Foreman and Labour Management ” ; 
on June 25; Mr. H. H. Norcross will lecture on “‘ The 
Foreman and the Cost Office ” ; and on July 2, Mr. G. P. 


Wade will speak on “‘ The Foreman and Motion Study.” 
Further particulars regarding the course may be obtained 
from the Principal of the Chance College or from the 
secretary of the Institute .of Industrial Supervisors, 





Bank Chambers, 47, Temple-row, Birmingham, 2. 
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LAUNCHES AND TRIAL. TRIPS. 

M.S. “ AuK.”—Twin-screw general cargo vessel, built 
by Messrs. S. P. Austin and Son, Limited, Sunderland, 
for the General Steam Navigation Company, Limited, 
London, E.C.3. Main dimensions: 245 ft. by 40 ft. by 
23 ft. 9 in. to shelter deck ; deadweight capacity, 1,400 
tons. Two five-cylinder vertical two-stroke single-acting 
British Polar Diesel engines developing together 1,600 
b.h.p. at 250 r.p.m., installed by the North Eastern 
Marine Engineering Company (1938), Limited, Sun- 
derland. Service speed, 13 knots. Trial trip, May 9. 

M.S. “ ANTARTICO.”—Twin-screw refrigerated-cargo 
vessel built by Messrs. J. Samuel White and Company, 
Limited, Cowes, Isle of Wight, to the order of the Argen- 
tine Government for the Instituto Argentino de Promo- 
cion del Intercambio, Buenos Aires, for the carriage of 
frozen meat to Brazil and of fruit and vegetables on the 
return journeys to the Argentine. Second vessel of an 
order fer two. Main dimensions: 381 ft. by 52 ft. by 
20 ft. 6 in. to freeboard deck; deadweight capacity, 
3,400 tons on a draught of 20 ft.; gross tonnage 2,900. 
Two eight-cylinder two-cycle single-acting trunk-piston 
Harland-B,. and W. Diesel engines to develop an aggre- 
gate of 5,000 s.h.p. at 155 r.p.m. in service, constructed by 
Messrs. Harland and Wolff, Limited, Glasgow, and in- 
stalled by the shipbuilders. Speed, 16 knots. Launch, 
May 13. 

M.S. “‘ NorDvEst.”—Single-screw oil tanker, built by 
A/S Nakskov Skibsverft, Nakskov, Denmark, for A/S 
Dampskibsselskabet, Copenhagen, .Denmark. Main 
dimensions: 433 ft. 32 in. by 57 ft. 6in. by 28 ft. 9in. to 
main deck; deadweight capacity, 8,570 tons. Six- 
cylinder twe-cycle single-acting B. and W. Diesel engine 
to develop 4,100 b.h.p. and a speed of about 14 knots. 
Trial] trip, May 24. 

S.S. ‘“‘ Dorset.”’—Single-screw refrigerated cargo 
vessel built and engined by Messrs. Alexander Stephen 
and Sons, Limited, Glasgow, S.W.1, for the New Zealand 
Shipping Company, Limited, London, E.C.3. Twelfth 
vessel of a series for these owners and associated com- 
panies. Main dimensions: 470 ft. by 64 ft. 6 in. by 
42 ft.; deadweight capacity, 11,800 tons on a draught of 
29 ft.; gross tonnage, 9,800. Parsons-type steam tur- 
bines to develop about 8,000 s.h.p. Sea speed, 16 knots. 
Launch, May 25. 

8.S. “ Crry or COVENTRY.”—Single-screw cargo vessel 
carrying 12 passengers, built by Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, Wallsend, for the 
Ellerman Lines, Limited, London, E.C.3. Main dimen- 
sions : 450 ft. (between perpendiculars) by 61 ft. 6 in. by 
33 ft. 3 in. to upper deck ; deadweight capacity, 10,880 
tons on a draught of 28 ft. 92 in.; gross tonnage, 7,557. 
Parsons impulse-reaction type geared turbines to develop 
7,200 s.h.p. at 115 r.p.m., constructed by The Wallsend 
Slipway and Engineering Company, Limited, Wallsend- 
on-Tyne, and two oil-burning Babcock and Wilcox water- 
tube boilers. Service speed, about 15 knots. Launch, 
May 26. 

S.S. “ GasTRANA.”—Twin-screw oil tanker built and 
engined by Messrs. Smith’s Dock Company, Limited, 
South Bank-on-Tees, Middlesbrough, for the Anglo- 
Saxon Petroleum Company, Limited, London, E.C.3. 
Fifth vessel of a series of eight. Main dimensions: 
382 ft. (between perpendiculars) by 62 ft. 6 in. by 
18 ft. 9 in. to harbour deck ; deadweight capacity, 6,300 
tons on a draught of 16 ft. 9 in. Twin set of triple- 
expansion surface-condensing engines and two Babcock 
and Wilcox water-tube boilers. Service speed in loaded 
condition, about 12 knots. Launch, May 27. 


S.S. “‘ WooDLAND.”—Single-screw vessel for the car- 
riage of timber and general cargo, built by the Caledon 
Shipbuilding and Engineering Company, Limited, 
Dundee, for the Currie Line, Limited, Leith. Main 
dimensions : 320 ft. by 46 ft. by 23 ft. 3in.; deadweight 
capacity, 3,600 tons on a loaded draught of 19 ft. 6 in. 
(timber, 3,900 tons on a draught of 20 ft. 9 in.); gross 
tonnage, 2,759. ‘Triple-expansion engines and two 
cylindrical oil-fired boilers supplied by Messrs. John G. 
Kincaid and Company, Limited, Greenock, to give a 
speed of 12 knots on trial. Trial trip, May 27. 

S.S. “ PooLE SounpD.”—Single-screw collier, built by 
Messrs. John Crown and Sons, Limited, Sunderland, for 
Messrs. Coastwise Colliers, Limited, London, E.C.3. 
Main dimensions: 224 ft. (between perpendiculars) by 
36 ft. by 16 ft. 3in.; deadweight capacity, 1,700 tons on 
a draught of 15 ft. 6 in. Triple-expansion engines and 
two boilers, supplied by The North Eastern Marine 
Engineering Company (1938), Limited, Sunderland. 
Launch, May 27. 





NATIONAL FOUNDRY COLLEGE.—The diploma course, 
for 1949-50, at the National Foundry College, which is 
housed in the Wolverhampton and Staffordshire Tech- 
nical College, Wulfruna-street, Wolverhampton, is to 
open in September. Information respecting the College, 


entry qualifications, fees, and hostel accommodation may 
be obtained from Mr. J. Bamford, B.Sc., the head of the 
College, at the address given abeve. 





BOOKS RECEIVED. 


A Dictionary of Metallography. By R. T. ROLFEe. 
Second edition, revised. Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 18s. 
net.) 

Die Kreiselpumpen fiir Flissigkeiten und Gase. Wasser- 
pumpen, Ventilatoren, Turbogeblise, Turbokompressoren. 
By Dr.-INnG. C. PFLEIDERER. Third, revised edition. 
Springer-Verlag, Jebensstrasse 1, Berlin-Charlotten- 
burg 2, Germany. [Price 51 DM.] 

Elektrische Fer ldeeinrichtungen im Grubenbetrieb. By 
JosEF BuscH and WERNER GASSMANN. Second 





edition. Verlag Glickauf G.m.b.H., Hauptstrasse 43, 
Kettwig, Nordrhein-Westfalen, Germany. [Price 
23 DM.) 


Ministry of Fuel and Power. 
Safety in Mines Research, 1947. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 2s. net.]} 

Scientific Foundations of Vacuum Technique. By Dr. 
Sau DusHMAN. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
15 dols.}] Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 90s. net.) 

Merkbuch fiir den Strassenbau. By Dr. GEORG WIELAND 
and Dr. Kurt Srécke. Fourth, revised edition. 
Wilhelm Ernst und Sohn, Hohenzollerndamm 169, 
Berlin-Wilmersdorf, Germany. [Price 7-50 DM.) 

Technisches Messen in Einzeldarstellungen. Edited by 
Dr.-Ine. Kari BURGER. Volume 2. Die Optik 
in der Feinmesstechnik. By Dr.-ING. Kurt RANTSCH. 
[Price 30 DM.] Volume 3. Priifen und Messen der 
Oberflaichengestalit. By Dr.-ING. HABIL, JOHANNES 
PERTHEN. [Price 28 DM.] Carl Hanser-Verlag, 
Leonhard-Eck-strasse 7, Munich 27, Germany. 

Lathe and Shaping Machine Tools. By ‘“ DUPLEX.” 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, Kingsway, London, W.C.2. [Price 
3s. net.) 

Department of Scientific and Industrial Research. Forest 
Products Research Records. No. 3. Experiments on 
the Preservation of 2 line Timber. By J. BRYAN and 
N. A. RicHARDsON. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 6d. net.] 

Centrali Elettriche. By MARIO MAINARDIS. Editore 
Ulrico Hoepli, Milan, Italy. [Price Lire 2,200.) 

Building for Daylight. By RICHARD SHEPPARD and 
HILTON WRIGHT. With an Introductory Historical 
Note, on English Window Design, by JOHN GLOaG. 
George Allen and Unwin, Limited, Ruskin House, 
40, Museum-street, London, W.C.1. [Price 21s. net.] 

Worked Examples in Electrical Engineering. By W. T. 
Pratr. Hutchinson’s Scientific and Technical Publi- 
cations, Stratford-place, London, W.1. [Price 25s.] 

“* Mechanical World ’’ Monographs. No. 44. Locomotive 
Wheel Balancing. By GEORGE W. McARD. Emmott 
and Company, Limited, 31, King-street West, Man- 
chester 3. [Price 2s. net.] 

The Merchant Ship: Design Past and Present. By Dr. 
G. 8. BAKER. Sigma Books, Limited, 7, John-street, 
London, W.C.1. [Price 12s. 6d. net.) 

Narrow-Gauge Rails to Portmadoc. An Historical 
Survey of the Festiniog-Welsh Highland Railway and 
Its Ancillaries. By James I.C. Boyp. The Oakwood 
Press, Tanglewood, South Godstone, Surrey. [Price 
17s. 6d. net.) 

The Things We See. No. 5. Public Transport. By 
CHRISTIAN BARMAN. Penguin Books, Limited, Har- 
mondsworth, Middlesex. [Price 2s. 6d. net.] 

Electrical Timekeeping. By F. Hopre-Jones. Second 
edition. N.A.G. Press, Limited, 226, Latymer-court, 
Hammersmith, London, W.6. [Price 21s. net.] 

The Modern Diesel. High-Speed Compression-Ignition 
Oil Engines and Their Fuel-Ignition Systems. Edited 
by G. GEOFFREY SMITH. Revised and re-written by 
DonaLp H. SmirH. Eleventh edition. Iliffe and 
Sons, Limited, Dorset House, Stamford-street, London, 
8.E.1. [Price 7s. 6d. net.] 

The Principles of Electrodeposition (The Electro-Chemistry 
of Electro-Plating). By SAMUEL FIELD. Second 
edition. Sir Isaac Pitman and Sons, Limited, Parker- 
street, Kingsway, London, W.C.2. [Price 25s. net.] 

Atomic Energy Year Book. Edited by Dr. Jonn TuTIn. 
Temple Press Limited, Bowling Green-lane, London, 
E.C.1. [Price 21s. net.] 

1949 Handbook of British Refrigeration Material and 
Home and Overseas Buyers’ Guide. Offices of Modern 
Refrigeration, Empire House, St. Martin’s-le-Grand, 
London, E.C.1. [Price 10s.] : 

Questions and Answers on Electronics. By E. MoLuoy. 
George Newnes, Limited, Tower House, Southampton- 
street, Strand, London, W.C.2. [Price 5s. net.] 

The Technology of Aluminium and Its Light Alloys. 
By Dr. ING. ALFRED VON ZEERLEDER. Translated 


26th Annual Report on 





from the third German edition by J. Juxon STEVENS. 
High Duty Alloys Limited, Slough, Buckinghamshire. 
[Price 21s.] 

The Principles and Practice of Prestressed Concrete. 
By Dr. P. W. ABELES. Crosby Lockwood and Son, 
Limited, 39, Thurloe-street, South Kensington, 





London, 8.W.7. [Price 15s. net.] 





PERSONAL. 


Mr. E. Granam, O.B.E., M.I.Mech.E., M.1I.Loco.E., 
mechanical engineer (railways), Lendon Transport 
Executive, 55, Broadway, London, S8.W.1, and head of 
Acton Railway Works, retired on May 28, at the age of 65. 
Mr. A. W. MANSER, assistant mechanical engineer (work- 
shops) railways, assumes control of Acton Works with 
the title of works manager (railways). 


LIEUT.-COLONEL SiR ALAN H. L. Mount, C.B., C.B.E., 
R.E. (ret.), Chief Inspecting Officer of Railways, is 
retiring from the Ministry of Transport on July 31, 
after nearly 30 years’ service, the last 20 of them in his 
present post. His successor is to be LirvuT.-COLONEL 
G. R. S. Wiison, R.E. (ret.), who has been a member of 
the railway inspection staff for the past 14 years. 


Mr. Bast. SANDERSON has been re-elected chairman 
of the Shipping Federation, 52, Leadenhall-street, Lon- 
don, E.C.3, for the ensuing year. Mr. E. H. Watts, the 
retiring vice-chairman, did not seek re-election and 
Mr. D. F. ANDERSON and Mr. B. ELIoT COMMON were 
elected vice-chairmen. 


Mr. W. G. A. Perrine, F.R.Ae.S., Mr. N. E. ROWE, 
C.B.E., B.Sc., D.1.C., F.R.Ae.S., and Dr. H. C. Watts, 
M.B.E., M.I.C.E., F.R.Ae.S., have been elected vice- 
presidents of the Royal Aeronautical Society, 4, Hamil- 
ton-place, London, W.1, for the year 1949-50. 


Group CapTaIN R. C. Hockey, D.S.O., D.F.C., late 
head of the Flight Department, College of Aeronautics, 
Cranfield, has joined the engineering department of 
Messrs. S. Smith and Sons (England) Limited. He will 
serve under the chief engineer, Mr. E. B. Moss, B.Sc., 
F.Inst.P., A.F.R.Ae.S., M.I.Mech.E., as aviation divi- 
sional engineer to Smiths Aircraft Instruments Limited. 


Fuicut Lievt. F. J. SHaw has resigned his commission 
in the Royal Australian Air Force to take up the appoint- 
ment of aviation technical sales representative for 
Smiths Aircraft Instruments Limited, attached to the 
recently-formed Messrs. S. Smith and Sons (Australia) 
Pty., Limited. 


Consequent upon the transfer of Mr. R. B. Horr to the 
Road Transport Executive, Mr. W. HILTON has been 
appointed purchasing officer to the London Transport 
Executive, 55, Broadway, London, 8.W.1. 


Mr. H. Mitts, formerly manager of the Newcastle 
branch of Brooks Motors Limited, Empress Works, 
Huddersfield, has been appointed supervisor of all the 
firm’s branch-oftice organisers, and will also be in charge 
of exhibition organisation. Mr. A. SCHOFIELD has been 
appointed manager at Newcastle in succession to Mr. 
Mills. 

Mr. J. F. R. WiaGIns, M.Inst.T., Mersey Docks and 
Harbour Board, Liverpool, 3, has been appointed 
honorary secretary of the newly-formed Merseyside and 
District Section of the Institute of Transport. 


Mr. H. C. TREE, accountant to the Institute of Trans- 
port, 80, Portland-place, London, W.1, has. been ap- 
pointed assistant secretary. Mr. A. G. GRIFFITHS, 
B.Sc. (Econ.), librarian, has been appointed to a similar 
position, while Miss J. F. O. Litey, B.A., library 
assistant has been made librarian. Mr. W. H. STEB- 
BINGsS, A.M.Inst.T., examinations assistant, has been 
appointed examinations officer. 


Messrs. FERoDO LiMiTED, Chapel-en-le-Frith, Stock- 
port, are opening more commodious premises in North- 
ern Ireland and, as from Monday, July 4, the address 
of the firm’s Belfast office will be Ferodo House, 41, 
Linen Hall-street (Telephone: 24976). The branch 
manager, Mr. F. T. COLLETT, will be in control. The 
firm’s old depot, at 31-33, Great Victoria-street, will 
close down on the above date. 


MESSRS. METROPOLITAN-VICKERS ELECTRICAL COM- 
PANY, LIMITED, Trafford Park, Manchester, 17, are trans- 
ferring their London office from 1, Kingsway, to St. 
Paul’s Corner, 1-3, St. Paul’s Churchyard, London, E.C.4. 
The removal will be complete by to-morrow, June 4. 
The new telephone number will be CITy 5757. 

* Messrs. CINEMA-TELEVISION LIMITED, Worsley Bridge- 

road, Lower Sydenham, London, S.E.26, and MEssrs. 
DAWE INSTRUMENTS LIMITED, 130, Uxbridge-road, Han- 
well, London, W.7, opened new London showrooms, called 
the ELECTRONICS CENTRE, at 83, Piccadilly, London, 
W.1, on June 1. 





MosiLE DEMONSTRATION UNIT.—A motor van has 
been fitted out by The General Accessories Company, 
Limited, Barton Hill Works, Maze-street, Bristol, 5, for 
demonstrating the features and use, in domestie and 
commercial installations, of electrical accessories such 
as plugs and sockets. It will be on view during the 
British Electrical Power Convention, which will be 
opened at Torquay on June 13, and will subsequently 
tour the country visiting training schools and similar 
establishments. It will also be made available to 








technical institutions and other interested bodies. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—With their plant working at almost full 
capacity, steelmakers have their hands fll in maintain- 
ing continuity of raw-material supplies to the furnaces 
and in clearing off production, but the trend of events in 
America is also commanding their close attention. Un- 
questionably there is a feeling that the obvious change in 
the United States will inevitably disturb conditions here. 
The fairly general opinion remains that, basically, sub- 
stantial arrears of constructional work and renewals of 
plant and machinery alone would require large quantities 
of steel both at home and overseas, but it is appreciated, 
of course, that financial and other external factors will 
play an important part in the determination of the trend 
of Scottish steel trading. At present, both steel-ingot and 
pig-iron production is satisfactorily maintained at a 
high level, and makers are fully occupied with bookings 
to keep them operating at capacity until] the summer- 
holidays break in July, while prospects of similar condi- 
tions are reasonably bright up till the end of the year. 
Beyond that period makers hesitate to venture a fore- 
cast. Shipbuilders are consuming large quantities of 
steel, and rolling mills are very busy, particularly on 
plates under # in. thick, while bars and sections are also 
in brisk request. Billets are fairly plentiful for re-rolling 
firms. In the home trade small bars approach require- 
ments more nearly, but the export demand remains very 
strong. Sheetmakers continue to operate at maximum 
capacity. 

Scottish Coal.—Weekly outputs continue to vary by 
several thousand tons according to the programme of 
working on Saturdays, but the average has been showing 
a deficit of about 20,000 tons on the target of 500,000 
tons. Occasional strikes, mostly in the central and 
western coalfields, caused a deficit of 3,000 tons a day 
last week, which gave considerable trouble to marketing 
authorities and appreciable inconvenience, particularly 
at coke ovens and gasworks. On the whole, however, 
users are adequately supplied for present requirements, 
and, indeed, practically all are now laying down reserves 
for next winter. During the past six months stocks have 
been much depleted. Despite repeated indications of a 
trade recession in some quarters, industrial activity is 
still being maintained at a high level here, and there is 
no sign of any easing in demand for industrial and steam 
fuels. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—There is no relaxation of the demand 
for steel, supplies of which, in some grades, are a little 
more plentiful, but much more high-carbon and stainless 
steels is required to satisfy the insistent demand. 
Specialised engineering products continue to provide a 
good deal of work at specific plants. The demand for 
hollow forgings such as boiler drums is unabated on home 
and @xport account, and there are constant calls for 
rotors, crankshafts and shafting. An endless succession 
of orders for railway materials provides full activity in 
specialised departments. These include forgings and 
castings, wheels, axles, tyres and buffers for British 
Railways. Railway-wagon builders are busily employed 
on high-capacity wagons, and all the wagon repair shops 
are very well booked. In edge and other tools there is 
more dependence upon home orders now that foreign 
competitors are making considerable inroads into markets 
abroad, aided by lower prices and quicker delivery. The 
South African decision to prohibit imports of other than 
vital essentials means a loss of considerable business by 
Sheffield tool and cutlery manufacturers who for many 
years have been doing good business with South Africa. 
Overtime is now being worked to permit of shipments 
sufficiently early to avoid the embargo which will operate 
from mid-June. Makers of engineers’ small tools have 
still a considerable reserve of orders on their books on 
home account. Raw materials of the steel trade are 
coming to hand in adequate quantities, but an effort is 
being made to build up reserves, especially in scrap 
materials. 

South Yorkshire Coal Trade.—More deep-mined coal 
has been raised at several collieries, and supplies are 
fairly adequate. Less opencast coal has been available 
because rain has retarded operations. The railways have 
been receiving satisfactory deliveries of locomotive hards, 
and coke works have been able to build up their coal 
reserves a little. House coal has been moving a little 
more freely than usual at this time of the year because of 
an anticipated rise in prices. Gas coal is in good request, 
and sufficient coal, both deep-mined and opencast, has 
been reaching electricity-generating stations. Furnace 
coke is in good demand, gas coke is quiet. More selected 
steams are required for shipment abroad. 





INSTITUTE OF TRANSPORT.—The Council of the 
Institute of Transport have approved an application from 
members in Victoria, Australia, to form a Victorian Sec- 
tion of the Institute. 


NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Follewing the continued 
quietness of the coal-export trade tippers and trimmers 
engaged at the South Wales ports have abolished over- 
time working. Up till May 1 coal loading was possible 
all round the clock at the local ports, except on Saturday 
nights. Now no night or week-end work is carried out. 
The men maintain that the present day shifts are 
sufficient te handle the limited quantity of coal available 
for shipment and joint discussions since have failed to 
result in any new agreement regarding overtime. There 
has been some interest, in the past week, in the Spanish 
trade which has been quiet for some time past. Towards 
the end of March Spanish buyers entered into arrange- 
ments to take a limited quantity of South Wales coals, 
and shipment has now been arranged for the odd balance 
of these orders. The reluctance of the Spanish Govern- 
ment to issue import licences until those already in 
existence are used has been partly responsible for the 
quietness of this trade. Outputs in the coalfield have 
been on a disappointing scale of late and all the available 
coal has been earmarked for contract deliveries to the 
principal home users and for export allocations. Home 
demand has continued active, and, with no sign of any 
easing in the needs of these consumers, there is again 
no indication of foreign business becoming any easier to 
negotiate. Last week, there was a fair activity under 
standing arrangements for the French, Portuguese, South 
American and Italian sections of the market but, other- 
wise, conditions were quiet. Bunkers came in for a keen 
request and were difficult to obtain while patent fuel was 
active as an alternative fuel and cokes were busy. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states that, 
last week, business in tin-plate was quieter. Although 
some home consumers placed orders for Period Two, the 
sales, in the aggregate, were less than the week’s produc- 
tion. The export market was also slow and only a very 
moderate quantity was disposed of. Steel sheets and 
iron and steel scrap are commodities in great demand. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Tees-side iron and steel outputs 
are maintained at a high level but do not cope fully 
with customers’ continued claims for larger deliveries 
that are coming to hand. Buyers, however, are less 
keen than for some time to place extensive new orders 
and quite expect an early appreciable increase in the 
tonnage allocations both for home purposes and for 
shipment overseas. Improvements in the supplies of 
raw material are very welcome. The delivery of Cleve- 
land ironstone is still much below pre-war rate, but is 
growing gradually, and the import of foreign iron ores is 
now large and increasing. Changing conditions promise 
soon to enable the greater production of commodities, 
the outputs of which have for a considerable time been 
inadequate for customers’ requirements. The Whitsun- 
tide holidays may have a temporary check on activity 
at collieries but large fuel consumers hope to obtain 
sufficient coal and coke to maintain plants very actively 
engaged. The pressure for maximum supplies of finished 
descriptions of material for shipment overseas continue 
but the home industrial requirements are so substantial 
that the rationing of tonnage for export is unavoidable. 

Foundry and Basic Iron.—The continued acute 
shortage of ordinary foundry pig iron still occasions 
much inconvenience at consuming plants manufacturing 
commodities much needed for home purposes and for 
export. The scarcity compels the very extensive use 
of iron and steel scrap, deliveries of which are maintained 
at a high level; still larger supplies, however, would be 
very acceptable. North-East coast founders are eagerly 
taking up as much Midland iron as is obtainable and 
indeed have virtually no other source of supply of blast- 
furnace product of the quality they require. The whole 
make of basic iron goes to producers’ own steel plants. 


Hematite, Low Phosphorus and Refined Iron.—East- 
Coast hematite manufacturers are still unable to cover 
all the requirements of their regular customers and 
makers of low- and medium-phosphorus irons report 
the steady absorption of their products. 

Manufactured Iron and Siteel.—The branches of 
industry providing the various types of semi-finished and 
finished iron are well employed and the prospective 
requirements of clients assure the continued brisk activity 
of plant over the second half of the year. Steel pro- 
ducers’ commitments are heavy. Supplies of steel semies 
are more plentiful and imports from overseas are expected 
further to increase considerably ; as yet, billets and sheet 
bars are in greater request than sellers can provide. 
Finished steel producers have a lot of workin hand. Full 
deliveries of black and galvanised sheets and light plates 
are urgently needed. Rail mills and plants turning out 





colliery equipment are busy. 





NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
eolumn shall reach the Editer not later than Tuesday 
morning in the week preceding the date of the meeting. 





INCORPORATED PLANT ENGINEERS.—Newcastle-upon- 
Tyne Branch: Thursday, June 9, 7.30 p.m., Turk’s Head 
Hotel, Neweastle-upon-Tyne. “ Lubrication,” by Dr. 
A. C. Pepper. Western Branch: Wednesday, June 15, 
7.15 p.m., Grand Hotel, Bristol. Discussion on “‘ Routine 
Inspection and Maintenance of Industrial Refrigeration 
Plant.” Liverpool and North Wales Branch: Thursday, 
June 16, 7.30 p.m., Liverpool Engineering Society, 
9, The Temple, 24, Dale-street, Liverpool. “ The 
Design and Construction of Welded Pressure Vessels,” — 
by Mr. J. R. Dodd. 

INSTITUTION OF PRODUCTION ENGINEERS.—Wolver- 
hampton Graduate Section: Tuesday, June 14, 7.15 p.m., 
Wolverhampton and Staffordshire Technical College, 
Wolverhampton. Aluminium Development Association 
film on “‘ Aluminium Alloys and Their Fabrication.” 

RoyaL METEOROLOGICAL SOcCIETY.— Wednesday, June 
15, 5 p.m., 49, Cromwell-road, South Kensington, 8.W.7. 
(i) “‘ The Dissipation of Seattered and Broken Cloud,” by 
Dr. B. W. Hewson. (ii) “ Synoptic Applications of the 
Frontal Contour Chart: the Motion of Selected Laws, 
November 5-7, 1946," by Mr. A. M. Crocker. 

INSTITUTE OF INDUSTRIAL SUPERVISORS.—Smethwick 
Section: Thursday, June 16, 7 p.m., Chance Technical 
College, Crocketts-lane, Smethwick. Brains Trust Meet- 
ing. 





CONTRACTS. 


Messrs. THE HUNSLET ENGINE COMPANY, LIMITED, 
Jack-lane, Leeds, 10, have received an order frem the 
Roan-Antelope Copper Corporation, Rhodesia, for a 
300-brake horse-power, 39-ton straight Diese] locometive, 
embodying a Crossley engine and Hunslet four-speed 
transmission. The starting tractive effort is to be 
18,000 lb., and the top speed, 16-5 m.p.h. 

Messrs. TAYLOR Wooprow, LimiTeD, London, 
announce that their subsidiary company, TAYLOR 
Wooprow (East AFRICA), LrmITrED, which is engaged on 
several contracts in the groundnuts area, have completed 
laying, through virgin territory, 127 miles of 6-in. dia- 
meter welded-joint steel oil pipeline from Mikindani, on 
the coast of Tanganyika, to the centre of the groundnuts 
area, near Noli. The contract, which is being carried 
out for Shell Transport and Trading Company, Limited, 
includes the construction of pumping stations, housing 
accommodation and a track for jeeps along the pipeline, 
which will supply fuel for the contractors’ plant, agricul- 
tural machinery, and transport vehicles. 

During the past month the British Electricity Autho- 
rity, Great Portland-street, London, W.1, have placed 
contracts for generating-station and other equipment 
valued, in the aggregate, at 3,678,3421. The principal 
orders include high-pressure pipework for Bankside 
station, with STEWARTS AND LiLoyps, Liwfrep ; 3,000- 
volt and 415-volt auxiliary switchgear and accessories for 
Barking “ C ” station, with A. REYROLLE AND COMPANY, 
LimiTep ; three 425-k. lb. per hour high-pressure boilers 
for Battersea “‘ B ” station, with BaABCOcK AND WILCOX, 
LimITED ; additional structural steelwork for Battersea 
“B” station with SiR WILLIAM ARROL AND COMPANY, 
Liwirep ; and foundations for a third section of Stay- 
thorpe station with BALFouR, BEATTY AND COMPANY, 
LIMITED. _ 

MEssRS. MARCONI’S WIRELESS TELEGRAPH COMPANY, 
Lmrep, Marconi House, Chelmsford, Essex, have 
received an order for four 5-kW medium-wave broad- 
casting transmitters from the South African Broadcasting 
Corporation. These transmitters are similar to six 
which have already been supplied to the Corporation by 
the Marconi Company and are air-cooled ang have a 
frequency range of from 550 to 1,560 ke. per second. 
They are ready for operation direct from alternating- 
current mains. The Marconi Company have also 
received, from the Finnish Broadcasting Company, an 
order for a 100-kW medium-wave air-cooled broadcasting 
transmitter for installation at Helsinki, together with 
special aerial coupling and tuning units to complete a 
directional aerial system which will ensure maximum 
radiation over Finland and minimum radiation in the 
direction of other European transmitters sharing a 
common frequency with the Helsinki transmitter. 





SUMMER SCHOOL FOR MANAGERIAL StaFF.—The Insti- 
tute of Industrial Administration, 17, Hill-street, 
London, W.1, are holding their third annual residential 
summer school at Oriel College, Oxford, from July 16 
to 23. The theme of the school will be “ The Practical 
Training of Managerial Staff within Industry and Com- 
merce.” The lecturers and tutors for the school include 
Mr. J. H. Bingham, Mr. W. E. Park, Mr. G. A. Robinson 





and Mr. T. G. Rose, 
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ENGINEERING. 
35 &: 36, BEDFORD. STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 


‘ Telegraphic Address :: 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLe Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 





Accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 


Strand, W.C.2. 





SUBSCRIPTIONS. 


“ENGINEERING ” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
CREME Siccnciticictncttintncninnts SRD @ 

For Canada #4 5 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 


ADVERTISEMENT RATES. 


” 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager, The pages are 12 in. deep and 9 in. 
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SIMPLY-SUPPORTED STEEL 
BRIDGES. 











Succsss on the professional side of bridge engin- 
eering depends very largely on a systematic method 
of design, since the procedure makes for economy of 
both time and labour, and for a sense of proportion 
at all stages of the work. A sense of fitness that 
comes in this way, in turn, often enables an engineer, 
when inspecting the work of others, to see at a 
glance faults and flaws that would escape the 
observation of an untrained mind. The faculty 
of rapid and correct judgment is one which can 
be developed and utilised in a large drawing office 
where the work of draughtsmen and computers 
has to be checked by the head of the office or by a 
reliable assistant. It is also of great value to the 
engineer himself, because it engenders a mode of 
thinking that obviates errors which pure theory 
might not enable him to detect, or which authorities 
on the subject have not yet recognised as errors. 
In arriving at the logical conclusion of this line 
of argument, namely, the codification of practice, 
due attention should be paid to the impossibility of 
preparing a code to cover the entire field or to make 
rules governing all the components of all such 
structures. As special importance attaches in this 
connection to the fixed-girder type of railway and 
road bridge, of spans up to 300 ft., by reason of the 
frequeney with which this range of span is met 
with in the field, considerable value is to be placed 
on the Code of Practice* which has been prepared 
by a joint committee of the Institutions of Civil 
and Structural Engineers. 

While the recommendations are intended to 
interpret good British practice, some of the rules 
are empirical, but such rules should not be adopted 
in preference to analytical computation of stresses 
where the latter method may fit the case more pre- 
cisely. The value of flexibility in a publication of 





* Code of Practice for Simply Supported Steel Bridges. 
Published by the Institution of Civil Engineers and the 
Institution of Structural Engineets, Westminster, S.W.1. 
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this kind lies in the fact that the maximum stresses 

may be-influenced by several forces of independent 
origin: dead load, live load, impact effect, lurching 
and nosing effect of locomotives, centrifugal force 
in the case of a curved railway track, longitudinal 
force, wind pressure, temperature effect, and the 
forces which may be applied during erection: 
Thus the Code offers scope for the exercise of private 
judgment, as niay be illustrated by’ reference to the 
considerable discussion that arose on the impact 
allowances resulting: from the available researches, 
which gave figures not following a uniform curve 
when plotted against varying spans and speeds. 
There was a temptation to substitute a smooth 
curve for the actual figures of the Bridge Stress 
Committee’s Report of 1928, but this was ulti- 
mately rejected on the ground that those responsible 
for the Code had no precise experimental data 
which would justify such a modification, and that 
engineers are in as good a position as the Committee 
for adopting any variation which might be considered 
more appropriate to a given case. 

Each structure of this kind must be considered 
on its merits and the matter of detail brought into 
relation with the. particular requirements. For 
example, in the case of a bridge subject to the thrust 
of a braked train, or to the horizontal reaction of 
all the driving wheels, it is essential to provide 
means of transmitting such effects from stringers 
to trusses without bending the cross-girders. It 
would be incorrect to think that the thrust of a 
braked train comes so seldom on any structure 
or that its effect on the cross-girders is so small 
as to be negligible, for in some instances bridges 
are constantly. subjected to thrust from this cause, 
and every bridge is liable to its action at any time. 
The proper detailing of the lateral system so that 
the thrust of the train is transmitted directly to the 
trusses or girders has the further advantage of 
relieving the flanges of the floor-beams of the bending 
which will accompany changes in the chord-lengths 
under load, for the stresses in. the flanges of the 
floor-beams from, this cause will be considerable 
unless provision be made to relieve them. 

In the past, wind pressure on railway bridg 
has been taken as 50 lb. per square foot, in accord- 
ance with the statutory requirement of the Minister 
of Transport. In preparing this Code, however, it 
was felt that the time had come to review the 
matter and bring it into line with recent research 
into the problem. This shows that an allowance 
of 50 Ib. per square foot is much too high for un- 
loaded bridges, and a figure of 30 Ib. per square foot 
is recommended for both road and railway bridges 
in this country, whether loaded or unloaded. The 
related problem of the shielding effect of parallel 
girders, and the effect of the decking, both on winds 
normal to the bridge and at other angles, is consi- 
dered in a separate report, also issued jointly by 
the two Institutions, and entitled “The Wind 
Resistance of Lattice Girder Bridges.” In this 
and other ways the-Code presents a mass of useful 
information for the student, as well as the practising 
engineer, based on recent developments in the 
process of detailing and proportioning, and on a 
recognition of the fact that a bridge should be 
adequately braced and rigid in all its parts. 

On the subje‘ of working stresses, it is suggested 
that 9 tons pe: square inch is the highest value 
for mild steel to British Standard Specification 15 
which should be recommended for bridges. In the 
Code, the ratio of working stress to yield point is 
taken as 0-59 for mild steel to B.S. 15 with a 
guaranteed yield point of 15-25 tons per square inch, 
and as 0-54 for high-tensile steel to B.S. 548, which 
relates to “High Tensile Structural Steel for 
Bridges, etc., and General Building Construction.” 
In regard to admissible shear stresses in the webs, 
on the basis of the recommendation that wherever 


the ratio ‘ exceeds 60, intermediate stiffeners shall 


be provided at distances not exceeding 2d, it is 
felt that the tendency to buckle was greatly reduced, 
and that much higher web stresses than were given 
in the ‘‘ Draft for Comment ” of B.S. 449 could be 
permitted. The new values are 5-5 tons per square 


inch when the ratio * amounts to 80, and 2-5 tons 
per square inch when that ratio amounts to 170 ; 








than two years. 


\Price 3s. 6d. post free.] 





the symbol d is now taken as the minimum clear 
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‘ distance between the flange angles or between the 
vertical web stiffeners, whichever is the least. These 
web stresses, however, are to be reduced by a factor 
depending on the bending stress at the section under 
consideration, tabulated values of the factor being 
provided for the purpose. The working stresses in 
compression members follow the Perry-Robertson 
formula with a load factor of 2-0 and a yield point 
of 15-25 tons per square inch for mild steel to 
B.S. 15, and 23-0 tons per square inch for high ten- 
sile structural steel to B.S. 548. There is no doubt 
that the adoption of these stresses will make for 
economy of steel, a point of first importance at the 
present time, when the material is in short supply 
and contracts for bridges in foreign markets are 
subjected to severe competition on the basis of cost. 

A bridge should be designed, fabricated and 
erected so as to minimise as far as possible secondary 
stresses upon which the stability of the structure 
does not depend, induced by rigidity or eccentricity 
in the connections of the structure already calculated 
on the assumption of pin-jointed or frictionless 
connections. Such stresses are of minor importance 
in the case of any member the width of which, 
measured parallel to the plane of distortion, is tess 
than one-tenth of its length. The recommendation 
is to ignore the secondary stress if it does not 
exceed 2 tons per square inch for a tension member 
or 1} tons per square inch for a compression member. 
If it exceeds either of these values, the excess should 
be added to the primary stresses. With members 
continuous over panel points which are subject to 
transverse loads between these points, only three- 
quarters of the bending stress calculated as for 
simple beams are to be added to the axial stress. 
The Committee has dealt with the question of work- 
ing stresses in its various aspects, in simple shear, 
combined shear and bending, in compression mem- 
bers, rollers and knuckle pins, with special reference 
to the usual materials employed in the construction 
of such components, and in the foundations for 
bearings and bedplates. 

Although matters concerning inspection and trans- 
port hardly come within the scope of Code of Prac- 
tice, numerous points under this heading merit atten- 
tion at various stages of the work. It is a matter of 
experience to decide on the parts to be temporarily 
erected in the contractor’s works for inspection as 
to alignment and fit of the various connections. In 
the case of repetition spans, it is not usually neces- 
sary to erect every span, except where turned bolts 
are used, provided methods have been adopted in 
the shops to ensure strict interchangeability. In 
these circumstances, one span in ten, or any number 
less than ten, of each type should suffice, on the 
understanding that if any set of pieces should fail to 
fit, then all similar spans shall be erected complete. 
Since inspection is a test of the workmanship, the 
reader will find in the Code appropriate guidance on 
universal plates and flats, shearing and machining 
generally, smithed work, pressed troughing, bearings 
and expansion gear, templates, protective covering, 
and other items of workmanship. 

An appreciation of the information given on both 
the plate-girder and the truss-girder types of bridges 
should go far to avoid the possibility of inserting 
over-stringent or ambiguous clauses in a specifica- 
tion and, at the same time, help to emphasise the 
salient features of a good specification. One of 
these characteristics’ is precision combined with 
choice in regard to materials, leaving those respon- 
sible for the design and execution of the work free 
to apply good practice in the aim for the best 
results. If the engineer is familiar with the essen- 
tial details of the work before preparing the specifica- 
tion, the document will be directed to the require- 
ments, and not to the means of realising those 
requirements. The information is also of real 
service in the writing of reports on the condition 
and potential value of existing structures, on pro- 
posed structures, and on designs prepared by other 
engineers, by reason of the wide experience and 
sound judgment evidenced throughout the Code. 
While this side of bridge engineering lies beyond the 
range of courses of instruction on the subject, there 
is no reason why certain parts of it should not be 
explained to senior students, most of whom will 
realise that theory is a tool for use in the art of 
engineering. 





PROGRESS IN INDUSTRIAL 
CHEMISTRY RESEARCH. 


Ir was to be expected that the interruption 
caused by a long and “total” war should interfere 
with the work of most research organisations and 
cause delay in the presentation of their annual 
reports, but the war has been over for four years 
now ; demobilisation was accomplished more rapidly 
and smoothly than had been expected ; the univer- 
sities and colleges have been turning out their 
graduates in large numbers, many of them going 
into “research” (which appears to have become, 
to students and a large part of the public, what 
Sir Alan Herbert would call a “ witch word ”)— 
and yet the Report of the Chemistry Research Board 
with Report of the Director of the Chemical Research 
Laboratory for the Year 1947, to give it the full title, 
was not released for public sale until May 10, 1949. 
Having made this comment, however, at the tardy 
appearance of a report which it would have been 
reasonable to expect to see within twelve months 
of the end of the year to which it relates, we may 
say that it contains much that is of interest to 
engineers although, in the nature of the activities 
of the Board and the Laboratory, many of them are 
only indirectly associated with engineering matters. 
The Report is published by H.M. Stationery Office 
for the Department of Scientific and Industrial 
Research under the short title of Chemistry Research 
1947.* 

It should be explained, perhaps, that the Chemis- 
try Research Board consists of the Chairman 
(Professor Sir Norman Haworth, D.Sc., F.R.S.) and 
eight members, together with three ‘“‘ assessors ” 
appointed, respectively, by the Admiralty, the War 
Office and the Ministry of Supply. The Director 
of the Chemical Research Laboratory (Dr. R. P. 
Linstead, C.B.E., F.R.S.), makes his report to the 
Board, who include it with their own, which is 
formally presented ‘‘ To the Lords of the Committee 
of the Privy Council for Scientific and Industrial 
Research.” The main fields of activity are the work 
of the Corrosion of Metals Group, the Inorganic 
Group, the Organic Group, and the High Polymers 
and Plastics Section. The terms of reference, so 
to say, of the Chemical Research Laboratory are 
that it shall undertake chemical investigations on 
behalf of Government departments, and generally 
assist the British chemical and allied industries by 
carrying out chemical research in matters of basic 
importance, especially in directions not adequately 
covered by other organisations; but its services 
are also available to undertake any specific research 
for which its facilities and equipment are suitable. 

The Board, however, state in their Report that 
they were “pleased to observe certain general 
trends in the work of the Laboratory, in particular, 
a greatly increasing concentration of effort in fewer 
fields, and a tendency to the study of special and 
new techniques”; which rather suggests either 
that science and industry at large are not making 
much use of the Laboratory in this manner, or that 
it is the policy of the Board not to go out of their 
way to encourage the use of the Laboratory’s 
resources for the elucidation of problems which are 
not related to the main heads of their programme. 
If adequate facilities are now available elsewhere, 
such a policy would be reasonable; though we 
believe that the adjacent National Physical Labora- 
tory still undertakes a considerable amount of 
special research for private firms and individuals, 
and presumably intends to continue to do so, this 
being one of the original purposes of its foundation. 
The Chemistry Research Board also observe, 
however, and with approval, the direct contact 
between the Laboratory and the Cabinet Committee 
on Industrial Productivity, and “the increasing 
importance attached at the Laboratory to the im- 
provement of external relations and liaison with 
industry.” These observations, taken together 
with the institution of “Open Days,” when repre- 
sentatives of the chemical industry, of academic 
chemistry, and of Government departments are 
afforded opportunities to see the Laboratory and 





H.M. Stationery Office, 
[Price 2s. net ; 


* Chemistry Research 1947. 
York House, Kingsway, London, W.C.2. 
by post; 2s. 2d.] 





the work that it is doing, sufficiently indicate that 

if industry does not take advantage of the researc!) 
facilities available, the fault does not rest with th: 
Chemistry Research Board or the Director of th 

Laboratory. It is conceivable, however, tha 

possible clients are deterred by red tape, or the fear 
of red tape, and prefer the greater flexibility of . 

private research laboratory in investigating prob- 
lems which they are unable to formulate with 
exactitude at the outset. 

From the engineering point of view, particular 
interest attaches to the work done on the corrosion 
of metals—that perennial topic, which seems to bi 
inexhaustible. During the year under review, the 
high-speed rotor technique was applied to the stud) 
of the influence of surface finish on the corrosion rat« 
of mild steel ; and, it is stated, ‘‘ some evidence has 
been obtained, suggesting that vibration, super- 
imposed upon the normal rotation, may affect the 
corrosion rate.” Electrochemical measurements 
have been employed to investigate the incidence 
and the development of failure in paint films on stee] 
immersed in sea water, the steel being ordinary ship 
plate, and the paint (two coats) being an anti- 
corrosive composition of the type used to paint 
ships’ hulls. The results show that it is possible 
to exercise considerable control over the rate of 
deterioration under laboratory conditions; but 
whether a similar control could be maintained over 
a period of years in the lifetime of a ship is doubtful. 
It may be noted (though this does not apply, appa- 
rently, to the paint tests) that a method has been 
developed of using orifice plates in corrosion mea- 
surements. Water under a constant head flows 
through the orifice, the size of which enables a high 
linear speed of flow to be maintained without 
requiring an inordinately large volume of water. 

It is well known that considerable concern has 
been felt in recent years by water-supply under- 
takings and others about the corrosion of buried 
pipe lines, and that the extent of the problem— 
probably enhanced by war-time bomb damage to 
sewers and to electric cables—showed the need for 
investigation on a wide scale. The laboratory 
research has included: fundamental studies of 
sulphate-reducing bacteria, and work on inhibitors 
of the organisms, which, it is thought, may have 
practical application in the development of pro- 
tective measures against anzwrobic microbiological 
corrosion. The report contains four electron micro- 
graphs of these bacteria. Arrangements were made 
with the Metropolitan Water Board to test various 
types of protective coatings in clay, at the Board’s 
works at Willesden; and the British Cast Iron 
Research Association are taking advantage of the 
opportunity by burying 40 different varieties of 
unprotected cast iron on the same site. 

On the metals side of the activities of the Chemis- 
try Research Board and of the Laboratory, the field 
of interest is primarily that of pure metals ; and the 
need to co-ordinate and stimulate the preparation of 
pure metals for research purposes led the Board to 
establish a Pure Metals Committee, under the chair- 
manship of Dr. C. J. Smithells. The constitution of 
this committee follows that of the Board, there being 
six members and five “‘ assessors and representa- 
tives ” of the Services and associated departments, 
the National Physical Laboratory and the Chemical 
Research Laboratory. Their terms of reference 
were “to submit proposals for research and, if 
necessary, development, on the preparation of pure 
metals and/or their appropriate derivatives”; and 
“to advise on the conduct of approved researches.” 
Among the researches mentioned as having been 
undertaken are the extraction of germanium and 
gallium from coal. The inquiry was extended to 
seaweed, and to peat from the Irenhurst Moss, in 
Dumfriesshire. Neither germanium nor gallium 
was found in these samples, but, in addition to the 
common metals, practically all the samples provided 
boron, manganese and chromium, and ash from the 
peat contained traces of tin and vanadium; while 
a sample of ash from fuel oil, supplied by the 
Admiralty, was found to contain no less than 9-5 
per cent. of vanadium. The foregoing comprise 
only a few items from two sections of the Chemical 
Research Laboratory’s report. The work of the 
Organic Group has been largely concerned with tars, 
and with research on their constituents. rf 
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NOTES. 


SumMER MEETING OF THE INSTITUTION OF 
ELEcrRicaL ENGINEERS. 

THE first summer meeting of the Institution of 
Electrical Engineers to take place since the war is 
being held in Scotland this week. About 330 mem- 
bers and ladies, not all of whom are participating in 
the whole of the proceedings, are attending, includ- 


ing the President (Mr. T. G. N. Haldane), a number | PT 


of past-presidents and serving members of the 
Council, and the chairman (Mr. J. Gogan) and joint 
honorary secretaries (Messrs. C. S. Buyers and 
H. V. Henniker) of the Scottish Centre. In spite of 
the obstacles to railway travelling caused by the 
week-end strike most of those intending to be 
present had assembled by Monday evening, May 30, 
when a civic reception was given at the Assembly 
Rooms, George-street, Edinburgh, the guests being 
received by Senior Bailie Stewart Nairne in the 
absence of the Lord Provost. On Tuesday morning, 
May 31, alternative visits were paid to the Crewe 
Toll works of Messrs. Ferranti, Limited, to the fac- 
tories of Messrs. Bruce Peebles and Company, 
Limited, at East Pilton, and to the Portobello 
generating station of the British Electricity Author- 
ity. After lunch, the party proceeded by road to 
Pitlochry where, on Wednesday, June 1, an inspec- 
tion was made of the Tummel-Garry project of the 
North of Scotland Hydro-Electric Board. This con- 
sists of three power stations—at Pitlochry, Clunie 
and Errochty—with an estimated total annual 
output of about 300 million kWh. The scheme 
is a logical development of the Grampian Com- 
pany’s scheme in the same area. This includes 
stations at Rannoch and Tummel Bridge, the water 
from which is also used in the Clunie and Pitloch1y 
stations. On Thursday, June 2, the Loch Sloy 
scheme of the North of Scotland Hydro-Electric 
Board was visited on the journey to Glasgow, 
the 30 MW station of the Lawers scheme being also 
inspected onthe way. The Loch Sloy scheme, which 
it is hoped, will be put into operation during the 
winter of 1949-50, comprises four 32-5-MW turbines 
operating under a gross head of 910 ft., the estimated 
annual output of which is 120 million kWh. 


Macutne Toot TRADES ASsociaTION. 

Lord Aberconway, chairman of Messrs. John 
Brown and Company, Limited, was the guest of 
honour at the annual luncheon of the Machine Tool 
Trades Association, which was held at the Savoy 
Hotel, “London, on Wednesday, May 25. The 
toast of the guests was proposed by Sir Holland 
Goddard, president of the Association. He said 
that the luncheon marked the termination of one of 
the most successful years in the history of the 
Assogiation, and referred particulaily to the Machine 
Tool and Engineering Exhibition, which was held at 
Olympia last year. The design of machine tools, 
he said, should be improved continuously, but better 
methods of production must enable costs to be 
reduced without sacrificing quality. We suffcred 
in this country from one major deficiency as 
compared with other highly industrialised countries, 
particularly the United States, namely, the serious 
shortage of electrical generating plant and coal for 
conversion into electricity. The horse-power per 
head in American industry was nearly three times 
that available in this country. The Association 
regretted the proposal to nationalise the more 
substantial sections of the iron and steel industry, 
and was opposed to bulk purchase by the Govern- 
ment. They believed that competition between 
firms in any industry produced higher quality of 
products and greater efficiency at a lower cost. 
Lord Aberconway responding to the toast of the 
guests, referred to the valuable work for the Associa- 
tion of Sir Alfred Herbert, to subsequent presidents 
concluding with Sir Holland Goddard, and to the 
president-elect, Mr. J. B.S. Gabriel. He considered 
that the Association were adopting the right policy 
in allowing foreign machine tools to be imported 
and used in this country; he was confident that 
machine-tool makers here could more than equal 
them. There were two principal aims of machine- 
tool makers : to act as consultants to the engineering 
trade, by suggesting better methods of production, 
and to make the best. machine tools. In 1948, 


more than 11,500,000/. worth of machine tools were 
exported, which represented 35 per cent. of the total 
production; in the same year, 1,500,000/. worth 
of woodworking machinery was exported. The 
total imports of macaine tools amounted to nearly 
5,000,000/. 


STANDARDISATION OF ROLLING BEARINGS. 


The International Organisation for Standardisa- 
tion, which was inaugurated in October, 1946, 
vides a link between the British Standards 
Institution and similar bodies in 28 countries. The 
1.8.0., as it is usually called, is continuing the 
work of the I.8.A., the International Standardisation 
Association, which carried out valuable work, 
especially on the continent of Europe in the 
“ between-the-war ” years, resulting in the prepara- 
tion of a great many engineering standard specifica- 
tions of considerable value. In view of the fact 
that a conference of the I.S8.0., to be held in Paris 
towards the end of the present month, will concern 
itself with the question of the international stan- 
dardisation of bearings, the Skefko Ball Bearing 
Company, Limited, Luton, have issued a brochure 
which contains their views on the standardisation 
of rolling bearings. They emphasise the urgent 
need for a reduction in the number of sizes of these 
bearings produced in this country. In this connec- 
tion they state that while all countries producing 
ball and cylindrical roller bearings have national 
standards closely in line with the metric I.S.A. 
standards, Great Britain alone also recognises 
an inch standard for these bearings. Consequently, 
it is added, manufacturers in this country are handi- 
capped by having to produce a much larger number 
of different sizes than the needs of industry demand. 
Spherical roller bearings are produced by Skefko 
factories in five countries, including Great Britain 
and the United States, and practically all of them 
are made to I.S.A. dimensions. In Great Britain, 
the compilers of the Skefko Company’s brochure 
continue, the production of taper-roller bearings is 
virtually confined to two manufacturers, both of 
whom make metric bearings to I.8.A. dimensions. 
They also produce, however, great quantities of 
special sizes, mostly to inch dimensions. The 
motor-car industry is the greatest user of taper- 
roller bearings and due consideration must be given, 
therefore, to these Anglo-American “specials,” as 
they are usually termed. Bearing manufacturers in 
Great Britain are heavily committed to the manu- 
facture of “specials” and, consequently, do not 
desire a sudden revolutionary change to take place, 
but, the brochure states, they recommend that the 
1.S.A. scheme for taper-roller bearings be confirmed 
and adopted as I.8.0. and British Standard publi- 
cations. This course, it is pointed out, would mean 
a gradual increase in the use of the I.S.A. ranges, a 
decrease in the growth of special sizes, and, eventu- 
ally, a reduction in the number of sizes produced. 


ASSOCIATION TECHNIQUE MARITIME ET 
A£RONAUTIQUE. 

The 48th annual general meeting of the Asso- 
ciation Technique Maritime et Aéronautique, the 
French technical society which concerns itself with 
questions relating to naval architecture and aero- 
nautics, will be held from Wednesday, June 8, until 
Saturday, June 11, at 2, Place de la Bourse, Paris 
(2e.). On the first three days of the meeting there 
will be two sessions each day, commencing, respec- 
tively, at 9 a.m. and at 2.30 p.m., and the meeting 
will close with a morning session, opening at 9 
o’clock on Saturday, June 11. The annual general 
meeting of the Association will be held at the 
commencement of the first session. The report of 
the Council and the treasurer’s report for 1948 will 
be presented, after which will follow the nomination 
of officers and the presidential address. Thirty-four 
papers are to be presented at the various sessions. 
With the exception of Thursday morning, June 9, 
which is to be devoted to papers on aerodynamics, 
the whole of the meeting will deal with papers on 
naval architecture and marine engineering, covering 
a wide range of subjects, such as watertight sub- 
division and the stability of ships after damage ; 
the use of prefabricated components and the 
application of welding in shipbuilding; armoured 
cables on shipboard ; the rolling and pitching of 








ships ; the use of scientific instruments in navigation 








and in marine engineering problems; the gas 
turbine ; and torsional stresses and vibration in 
shafts. One of the papers to be presented, entitled 
‘‘The Calculation of Wave Resistance,” is by Mr. 
W.C. S. Wigley, M.A., Assoc.L.N.A. Further parti- 
culars regarding the meeting or the activities of the 
Association may be obtained from the general secre- 
tary, 1, Boulevard Haussmann, Paris, (9e.). 


DEVELOPMENT OF THE LIGHT-ENGINEERING 
Iypustry IN SCOTLAND. 

A contribution to, what Mr. Oliver Lyttelton, 
chairman of Associated Electrical Industries, 
Limited, described as, the diversification of industry 
in Scotland, was made on Tuesday, May 24, when a 
new factory for manufacturing certain light-engineer- 
ing products was opened at Motherwell, Lanark- 
shire. This factory, which was actually built in 
1944 and has been used since February, 1945, as a 
textile salvage depot by the Ministry of Supply, 
consists of single-storey buildings with a floor area 
of some 300,000 sq. ft. It is partly occupied by the 
Metropolitan-Vickers Electrical Company, Limited, 
and partly by Messrs. Newton Victor, Limited, the 
latter being an organisation formed to combine the 
X-ray and electromedical activities of the Metro- 
politan-Vickers Electrical Company with those of 
the Victor X-Ray Corporation, Limited (formerly a 
branch of the General X-Ray Corporation of 
America) and of the old-established firm of Messrs. 
Newton and Wright, Limited, London. The part 
occupied by Metropolitan-Vickers is being used for 
the manufacture of certain types of electrical meters, 
instruments and relays, and especially for the large- 
scale production of a new design of house service 
meter. Other products are the Metrovick exposure 
meter for photographic purposes and the “ Ripplay ” 
relay for the centralised control of street lighting 
and other schemes. The apparatus produced in 
the Newton-Victor section of the factory includes 
X-ray equipment for industrial, medical and dental 

Each portion is self-contained with its 
own feeder departments and is equipped with 
modern tools, many of which have been developed 
and made by the companies for their own work. 
About 600 persons are at present employed, 
although the planned complement will be nearly 
2,000. The new enterprise thus forms a valuabie 
contribution to the labour problem of the district by 
introducing light engineering into what is essentially 
a heavy industrial area. 


British ELectric PowER STaTION OPERATION. 


A statement issued by the British Electricity 
Authority calls attention to the steady rise in the 
efficiency of the steam generating stations under its 
control since April 1, 1948. This improvement is 
ascribed to improved operating technique, greater 
uniformity in coal quality, the commissioning of 
new high efficiency plant, and the availability of 
more expert advice to the smaller stations. Based 
on the electricity sent out, the average thermal 
efficiency during the year ended March 31, 1948, 
was 20-86 per cent. and 21-07 per eent. during the 
succeeding twelve months. Figures for fuel con- 
sumption are also satisfactory since, although the 
output increased by 10-8 per cent. during the year, 
the coal burnt only rose by 8-3 per cent. This 
represents an improvement of 2-3 per cent., equiva- 
lent to some 650,000 tons of coal. Overall fuel 
costs per kilowatt-hour sent out also decreased 
during each quarter of 1948-49. For the three 
months ended June, 1948, the figure was 0-4291d., 
per kilowatt-hour, for the next three months 
0-4246d., for the three months ending December, 
1948, 0-4162d. and for the last quarter of the 
accounting year 0-4107d. per kilowatt-hour. There 
was also a considerable reduction in the average 
loss of output capacity due to unsuitable fuel. This is 
attributed to the more consistent quality of the coal, 
and to arrangements which have enabled fuel to be 
allocated to the power station best suited to use it. 
At the time of maximum demand on April 1, 
1948, for instance, there was a loss of capacity of 
286 MW owing to bad fuel. On March 31, 1949, 
this loss had fallen to 241 MW, a reduction of about 
16 per cent. Further, while in March, 1948, break- 
downs accounted for an 8 per cent. loss in generating 
capacity, the corresponding figure in 1949 was only 
4-9 per cent, 
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LETTER TO THE EDITOR: 
BRITTLE FRACTURE ‘OF MILD-STEEL 
PLATES. 


To THe. Eprror oF ENGINEERING. 


Sir,—I am grateful to Mr. A. J. K. Honeyman 
for the practical information in his letter in your 
issué of May 20, page 472, and it is interesting 
to observe that the facts as he states them are not 
0 to the facts as I state them. Users of steel 
should evidently be very glad that there is a higher 
Manganese content in British steels if that is why 
they give better results. One cannot, however, put 
into a specification that the steel must have a higher 
manganese content than American steel and that is 
why I am hammering away and trying to translate 
metallurgical expressions into physical facts. 

Mr. Honeyman would appear to contradict my 
Buggestion that for a high -Izod value you must 
have a large effective ductility. I wonder whether 
he has by any chance based his statement on 
comparison of effective ductility measured at the 
static rate of loading with the effective ductility 
which should be measured, for comparison with the 
Izod test, at the Izod rate of loading, plastic defor- 
mation being, of course, a function of time as well 
as of load. 

“The point is so important that if by chance Mr. 
rian a ‘is. relying for his statement on static 
tension tests, I would ask him to measure the 
effective ductility also at high speed. If it would 
help, I should be very pleased (if he would supply 
suitable bars) to arrange to have them put in a 
testing machine I have available and pull them 
apart at the Izod rate of loading and see whether 
oné really can have a low effective ductility with a 
high Izod. ~ 

Yours faithfully, 





Beaufort House, A. C. Vivian. 
Gravel-lane, E.1. ; 
May 27, 1949. 
OBITUARY. 


DR. N. R. CAMPBELL. 

WE regret to announce the death of Dr. Norman 
Robert Campbell which occurred at Nottingham on 
May 18. Dr. Campbell, who had served on the staff 
of the Research Laboratories of the General Electric 
Company, Limited, for 25 years, was the third son 
of Mr. William Middleton Campbell, of Colgrain, 
Dumbartonshire, and was born in 1880. He was 
educated at Eton and at Trinity College, Cam- 
bridge, and became a Fellow of Trinity College, 
in 1904. He was also awarded the Sc.D. degree of 
the University. After holding a Cavendish Research 
Fellowship at the University of Leeds, he was elected 
an honorary Fellow of that University in 1913. 
Campbell joined the staff of the National Physical 
Laboratory soon after the outbreak of the war of 
1914-18 and worked there in association with the 
late Sir Clifford Paterson, F.R.S. In 1919, he joined 
the staff of the Research Laboratories of the General 
Electric Company, Limited, which were then being 
organised undér Paterson’s direction, and continued 
his work there until his retirement in 1944. 

‘ Campbell’s scientific work covered a wide range 
and its importance was considerable. During ‘his 
university career he investigated. the ionisation of 
gases, and, with A. Wood, discovered the radio- 
activity of potassium. At the National Physical 
Laboratory, among other work, he studied the 
mechanism of the discharge in spark plugs.. One 
of his first investigations in the laboratories of the 
General: Electric Company concerned the ‘identifica- 
tion of gases in the electric discharge and is an early 
example of scientific work carried out industrially 
without an underlying expectation of commercial 
applications: He also worked on photo-electricity, 
photo-eléectric photometry and. colour: matching, 
statistical problems and (with Francis and James) 
the theory of “noise” in thermionic.valves and 
circuits. In addition’ to these questions, he*had a 
profound interest. in scientific philosophy and the 
fundamental theories of physics and made important 
contributions to them in numerous papers and books. 





SUMMER MEETING OF THE 
"INSTITUTION OF 
MECHANICAL ENGINEERS. 


Tue third post-war summer meeting of the 
Institution of Mechanical Engineers, like the first 
and second, has been held in a city which suffered 
much from air raids.» The first, in London in 1947, 
was the occasion of the Institution’s Centenary. 
celebrations. Last year’s meeting was in Glasgow, 


and this year the Institution has visited Liverpool, 


and it may be noted that shipbuilding has again 
figured prominently in the interests of the members. 
Many notable naval vessels, and the Mauretania— 
the largest mercantile vessel ever built in England— 
have been constructed on Merseyside. In addition 
to the shipyards, members have visited a large 
chemical works, a famous soap works and the allied 
model village, a rubber works, paper mills, a glass 
works, a petroleum plant, a steelworks, several 
electrical-equipment factories, and many other 
places of engineering interest. 

The meeting opened at 10 a.m. on Tuesday, May 
31, when the Lord. Mayor of Liverpool (Alderman 
J. J. Cleary), and the members of the reception 
committee, welcomed the President, Dr. H. J. 
Gough, C.B., F.R.S., the Council and members of 
the Institution, with their ladies, in the Picton 
Hall, William Brown-street. The Lord Mayor, 
after expressing the general regret at the recent 
death of Lord Leverhulme, who was on the reception 
committee, spoke of the common tie between the 
City and the Institution, namely, the Liverpool and 
Manchester Railway, which George Stephenson, the 
Institution’s first president, had built. The Rainhill 
Trials had taken place on a site not far from the 
present meeting hall. Dr, Gough, in acknowledging 
the civic welcome, spoke of the commercial history 
of Liverpool. The reception was followed by a 
general meeting of the Institution in the Picton 
Hall, at which Mr. F, H. Bramwell, B.Sc., 
M.I.Mech.E., presented a paper entitled ‘‘ Mechanical 
Engineering in the Chemical Industry,” referring 
particularly to some of the heavy chemical industries 
established on Merseyside. A brief summary of the 
paper is given below. 

The year 1823 is a milestone in the early develop- 
ment of the chemical industry of Great Britain, 
because in that year the salt tax was repealed, and 
James Muspratt built a plant in Vauxhall-road, 
Liverpool, to work the Leblanc process for the 
production of alkali—having established a works 
there in the previous year for the manufacture of 
sulphuric acid. In the early days of the industry 
the by-products were generally wasted, but in due 
course the efficiency of the processes was improved, 
and a higher proportion of the raw materials was 
turned into saleable products. Mechanical-engi- 
neering and metallurgical developments went hand 
in hand with the introduction of new chemical 
processes. In the early part of the Nineteenth 
Century, sulphuric acid was made in Great Britain 
from sulphur imported from Sicily, but in, 1838 
the King of Sicily granted a monopoly on the 
export of sulphur to a French firm, and the subse- 
quent increase in the price of the material to this 
country forced the manufacturers to devise methods 
of using sulphide ores such as iron pyrites. The 
pyrites were first burned in lump form in simple 
hand-fired burners. Multiple-hearth mechanical fur- 
naces were developed at a later stage, and, later 
still, the Spirlet furnace was devised This con- 
sisted of four or more superimposed circular hearths, 
the first and third being stationary while the second 
and fourth were rotated by gears. 

There were, however, a number of factors limit- 
ing the maximum diameter of this type of furnace, 
and rotating-tube furnaces were therefore developed. 
These are now used for burning Jarge tonnages of 
pyrites. In the latest equipments, finely-divided 
pyrites; are burnt in boiler furnaces and a large 
amount of the heat developed is used for genera- 
ting steam. The sulphur-dioxide gas thus, :pro- 
duced is further oxidised to form sulphur trioxide, 
either by the chamber process or by» the more 
modern contact process, in which the gas is. oxidised 
in steel vessels containing a platinum or vanadium 
catalyst. Sulphur dioxide produced . by burning 








sulphur instead of sulphide ores contains fewer 
impurities. The molten sulphur is either pumped 
through a nozzle in a combustion chamber, and 
burnt as‘'a jet of oil might be, or fed by gravity 
on to the top of a pyramid of firebrick. 

The first commercial plants for the production 
of ‘chlorine were adapted from the design of the 
home-made chlorine stills used by crofters. Later 
developments included the Deacon process and 
electrolytic processes. The latter became practic- 
able as:soon as it was discovered how to make a 
porous: diaphragm to separate the cathode liquor 
from the anode liquor, and to allow the hydrogen 
and chlorine to be collected separately. Castner 
and Kellner, among others, worked on the electro- 
lytic decomposition of brine, using a film of mercury 
as the cathode. These processes presented a 
number of interesting engineering problems. Before 
methods of liquefying chlorine were developed, the 
gas was reacted with hydrated lime to make bleach- 
ing powder, and large quantities of this material 
are still made. The lime was spread out in chambers 
or trays, but the process was slow. Hasenclever 
introduced a mechanised apparatus in which the 
lime and chlorine flowed in opposite directions, and 
Rudge and Moore, working independently on Mersey- 
side, improved the process still further by using 
rotary tubes similar to those commonly used in the 
cement industry. 

Rail tank wagons and road tank lorries are now 
generally used for the transport of acids. Lead- 
lined tanks are used for dilute sulphuric acid, and 
mild-steel tanks for strong sulphuric acid. Hydro- 
chloric acid is transported in soft- and hard-rubber 
lined tanks. Solid-drawn cylinders with capacities 
of from 70 to 150 Ib. have been used for some years 
for liquefied chlorine and other liquefied gases. 
Larger quantities are conveyed in fusion-welded 
pressure vessels on road or rail vehicles. Tank 
wagons, with the tank constructed of aluminium or 
austenitic steel, are in common use for other 
chemicals. 

The continuous processes of the heavy chemical 
industry provide an ideal base load for an electric 
generating plant ; the average annual load may be 
as high as 70 per cent. of the installed plant capacity, 
and efficiencies of over 27 per cent. have been 
achieved. Low-pressure steam for chemical pro- 
cesses is often obtained from pass-out or back- 
pressure turbines. In the design of pumps for the 
industry, the main problem to be overcome is leakage 
through stuffing boxes. The pump may therefore 
be submerged, with a vertical spindle projecting 
above the level of the liquid; the gland may be 
subject to suction only; or “ mechanical ”-type 
seals may be used. Mr. Bramwell’s paper also 
included a summary of materials of construction 
and a reference to the opportunities for mechanical 
engineers in the industry. 

Five speakers took part in the discussion. Mr. 
E. J. Evans, M.Sc. (Eng.), M.I.Mech.E., referred to 
mechanical engineering in the soap industry, and 
to the valuable results which could be achieved 
when chemists and engineers worked together as a 
team. Mr. G. A. J. Begg, M.I.Mech.E., described 
several interesting examples of engineering design 
for the chemical industry, and stressed the import- 
ance of close co-operation between the engineers of 
the chemical works and the plant manufacturer. 
Mr. H. M. Bibby, M.Eng., A.M.I.Mech.E., sug- 
gested that the benefits of combined heat- and 
power-producing plants, which were obtained by 
the larger firms who were in a position to put such 
schemes into practice, could also be obtained by 
groups of smaller firms in close proximity to each 
other if they evolved suitahle schemes for their 
mutual benefit. Mr. T. E. Houghton, M.Eng., 
described the development of electric power plant 
for the. Merseyside chemical industry, where 
direct-current at comparatively, low voltages and 
high current values was required, and-Mr, J. C. 
Brierley, M.Sc.Tech., referred to methods of increas- 
ing the efficiency of certain processes in the industry. 

On Tuesday evening, a reception was held in the 
Town Hall. A brief account of this and the remain- 
ing functions of the meeting, which ended on 
Thursday evening, will be given im subsequent 
issues of ENGINEERING. . 


(fo be continued.) 
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THE WORK OF THE 
NATIONAL PHYSICAL 
LABORATORY. | 


A DEMONSTRATION of the apparatus installed in, 
and of the work being carried out at, the National 
Physical Laboratory, Teddington, was given on 
Thursday and Friday, May 26 and 27. The first of 
these occasions was an “ Day,” to which 
representatives of industrial organisations were 
invited. On the Friday, an inspection by the 
General Board, of which the President of the Royal 
Society (Sir Robert Robinson) is chairman, took 
place in the morning, while in the afternoon visits 
were paid by members of university staffs and 
Government departments. As a matter of historical 
interest it may be mentioned that the Laboratory 
will celebrate its jubilee next year. In point of age 
it is the second of the great national standard 
laboratories, the Physikalisch Technische Reichsan- 
stalt having been founded in Berlin in 1887 and the 
National Bureau of Standards in Washington in 
1901. As is well known, the work of the Labora- 
tory includes the accurate determination of physical 
constants and the maintenance of precise standards 
of measurement. It also carries out investigations 
of special problems on behalf of public bodies and 
private organisations. In addition, it performs a 
great deal of testing work on commercial products, 
this branch of its activities, so far as clinical ther- 
mometers, volumetric glassware, meteorological 
thermometers and small engineering tools are con- 
cerned, now being carried out in a separate Test 
Section. Another recent change has been the 
establishment of an Electronics Division, to study 
the application of electronic techniques to industrial 
processes. It may also be noted that this year 
many of the exhibits in the Engineering Division 
relate to work which is being carried out on behalf 
of the new Mechanical Engineering Research 
Board. Much of this work will eventually be trans- 
ferred to the new Mechanical Engineering Research 
Laboratory which is to be built at East Kilbride, 
near Glasgow. 

During last week’s visits there were no less than 
291 exhibits on view. These displayed great 
variety in objective, dimensions and complication. 
A number of them have been shown on previous 
occasions, but among the new equipment in the 
Aerodynamics Division mention may be made of 
the 9im. by 3in. high-speed wind tunnel, which 
enables experiments to be conducted at both 
subsonic and supersonic speeds up to a maximum 
a little below twice that of sound. This tunnel is 
supplied with dry compressed air at roughly atmo- 
spheric temperature and a maximum pressure of 
25 atmospheres through an annular slot round the 
periphery downstream of the working section. The 
width of this slot may be varied from 0-003 to 
0-119in., to suit the working conditions. The tunnel 
is a quarter-scale model of the two 3 ft. by 1 ft. 
tunnels which are to be erected at the Laboratory 
within the next few years. All three tunnels are 
intended primarily for tests on bodies completely 
spanning the shorter side of the working section 
under conditions of two-dimensional flow. These 
tests will include further experiments on wing 
sections, among them measurements on oscillating 
models and those fitted with control surfaces. The 
experiments, so far carried out in this tunnel, have 
confirmed the opinion that the design of the larger 
3 ft. by 1 ft. tunnels wiil be satisfactory. On 
the occasion of the inspection, a demonstration was 
given to illustrate the flow round an aerofoil at a 
speed equal to 1-6 times that of sound. 

Another exhibit in this Division illustrated the 
effect of chimney height on the smoke plumes from 
a power station. Recent experiments on the dis- 
charge of smoke from a single model stack standing 
on a horizontal plane parallel to the air stream in a 
wind tunnel have established a relation between 
the path and diffusion of the smoke near the stack 
exit and the velocity and temperature of the 
effluent. This relation, however, only holds good | and 
for the flow in the vicinity of the stack when the 
influence of the surrounding buildings or countryside 
is not appreciable at the top of the chimney. It 
has also been found that a wind-tunnel test on a 








model representing the main features of the sur- 
roundings is the mbst satisfactory means of deter- 
mining in advance the best layout of chimneys and 
buildings and the most suitable siting for them in 
built-up areas or broken country, so as to avoid 
‘smoke ‘nuisance as fart as possible. Such a test 
shows that there is a minimum height of chimney 
which is tolerable under a prescribed set of circum- 
stances, but that this height may not be practicable 
in some cases. - In general, the normal test does not 
inelude: the effect of temperature on the smoke 
plume, but investigations of the type just mentioned 
enable a good estimate of this effect to be made. 
The subsequent diffusion of the plume can be cal- 
eulated by the methods of Professor 0. G. Sutton 
when the influence of the chimney itself is neglig ble 
and the diffusion depends only on the state of 
atmospheric turbulence. 

Among the new equipment shown in ‘the Elec- 
tricity Division was an electronic wattmeter, am- 
meter and voltmeter set. This combines the high 
accuracy of the dynamometer type of instrument 
with the high input impedance of the valve volt- 
meter. A dynamometer wattmeter is used as the 
indicator and gives a full-scale deflection with a 
current of 15 milliamperes in both coils. The pres- 
sure coil is driven through an amplifier, the current 
in the coil being used to provide a feed-back voltage 
to the input. The current coil is supplied from a 
current transformer in the usual way. The accuracy 
of the’ instrument is approximately that of sub- 
standard grade, the input impedance being 10,000 
megohms per volt capacitive, instead of the usual 
100 megohms resistive. The voltage range is from 
30 to 750 volts and that of the current from 15 milli- 
amperes to 1-5 amperes. 

There is at present an increasing demand for 
power transformers, especially those connected to 
overhead lines, to be capable of withstanding surge 
voltages of the maximum amplitude, which the 
insulation of the line will permit. The Laboratory 
has therefore carried out surge voltage tests on 
transformers ranging in capacity from 2-5 to 45,000 
kVA: and a model exhibited last week, enabled the 
effect of breakdown on the wave shape of the applied 
voltage and neutral current to be observed. Another 
exhibit in the Electricity Division was that of a 
spark “‘ point source ”’ of light operating at, up to 
1,000 flashes per second. For this purpose a 44-kW 
direct-current power pack was used to charge a 
0-1 microfarad capacitor to 9 kV.- This capacitor 
was then discharged through a fixed gap 1,000 times 
per second, the variation with time of the intensity 
of the light emitted being shown on one oscillograph 
and the regularity of the time interval on another. 
The spark across the fixed gap is suitable for shadow 
photography in the Aerodynamics Division high- 
speed tunnel. 

A study of the relation between dielectric proper- 
ties and chemical structure is also being made in the 
Electricity Division on a series of pure materials 
representative of those of actual or potential import- 
ance to industry. Among the materials recently 
examined are silicone liquids and an aniline- 
formaldehyde resin. Although the silicones are 
almost perfect dielectrics at frequencies up to 100 
megacycles per second, they show quite high power 
factors at 3,000 megacycles per second. The 
explanation is that the molecular orientation has a 
relaxation time which at first increases with the 
viscosity or chain-length of the material, but which 
tends towards a constant value for very long chains. 
The aniline-formaldehyde resin, as ordinarily used, 
shows maximum values of the power factor at 
frequencies which point to molecular relaxation 
times of about 1 micro-second at 20 deg. C. On 
drying the material, however, these maxima 
disappear. It is considered therefore that they are 
due te absorbed water, although the quantity is 
shown by weighing to be exceedingly small. The 
relaxation time is much greater than that for liquid 
water, but about the same as that for ice. The 
power factor of the dried resin, although free from 
peaks, is high compated with that of the silicones 

hydrocarbons, so that considerable molecular 
polarisation must be assumed to exist with relaxa- 
tion times distributed over a wide range. This 
condition ‘seems to be associated with resins of a 
cross-linked structure: ~ 





In the Engineering Division a method was 
demonsttated of subjecting complete structures to 
repeated loads. The structure, in this case an 
aircraft til-plane unit, is set in vibration in the 
plane in which loading is to be applied. The 
total loading is that due to the inertia of the mass of 
the structure itself and to extra masses which are 
added to simulate other distributions of loading. 
Static load may also be applied through tension 
springs. In order to excite and maintain the 
vibration at a predetermined amplitude, a selected 
point on the structure is connected through a rod to 
a crank on the driving motor, while connection 
between the drive and the structure is made through 
a clutch to facilitate starting from rest. When 
starting at low speeds, the clutch slips, but at, or 
near, the resonant speed, this slip ceases and the 
structure is maintained in vibration at the amplitude 
determined by the crank throw. 

For a long time, the Engineering Division has taken 
an interest in ejector action from the point of view 
of wind-tunnel operation at Mach numbers less than 
two.; and much of the pioneer experimental work, 
which was carried out on this subject at the Labora- 
tory before the war provided data for induction 
wind-tunnel design. The induction principle has 
been utilised in many engineering applications, 
such as fluid mixing, the transport of powdered 
solids and the generation of low pressures, though 
the efficiencies are often low and are only tolerated 
on account of the attendant mechanical simplicity. 
While investigating the development of a particular 
system for the production of low pressures, methods 
have been devised which may have a wider applica- 
tion in this field of research, since a wide gap still 
exists between the fundamental work on jet- 
mixing and entraining action and the empirical 
design methods used for conventional ejectors. 
Research on ball bearings under a combination of 
axial and radial loads has shown that the.rate at 
which heat is generated is dependent on the angle of 
application of the load. To facilitate the study of 
the motion of the balls at various angles of applica- 
tion of load, a slow-speed angular-contact bearing 
has been constructed, the races of which are trans- 
parent. The speed of this model can be varied 
between 0 and 60 r.p.m., and the angle of application 
between 0 and 90 deg. 

The current work in the Light Division of the 
Laboratory includes a study of the spectral energy 
distribution of fluorescent discharge lamps. As is 
well known, the spectral distribution of radiant 
energy is fundamental to the study of colour and the 
brightness of illuminants. When the energy distri- 
bution of a lampis known, then the visual properties, 
luminous intensity, chromaticity and a measure of 
colour rendering by the eight-band method can be 
derived by calculation. Measurements of spectral 
energy offer considerable experimental difficulties, 
and for that reason have not been used in the past 
to any extent in either photometry or colorimetry. 
The exclusive use of tungsten lamps as artificial 
illuminants, however, made accurate individual 
measurements of spectral energy unnecessary, as 
they all have energy distributions of the same type 
and vary only in colour temperature. On the other 
ha:d, the increasing use of fluorescent lamps has 
created a need for energy measurements of individual 
lamps. These lamps have a mixture of line and con- 
tinuous spectra and may differ from each other 
in colour in all possible ways. Although they emit 
white light the old conception of colour-temperature 
is no longer applicable. The fight from such lamps, 
in fact, can only be defined by energy distribution. 
The principle of the method is to compare the energy 
of a fluorescent lamp with tungsten radiation wave- 
length by wavelength. In this way, the uncertain- 
ties introduced by absorption in the monochrometer 
and the response of the photocell receiver are 
eliminated. The monochrometer used is a Hilger- 
Miiller double instrument with large aperture and 
high dispersion, which has been adapted so that 
an independent measurement of the dispersion is 
obviated. The spectrum is also unaffected by the 
curvature of the line image and by the inferior 
deformation present in instruments of such large 
aperture. It will thus be possible to supply: manu- 


facturers with accurately measured lamps to cali- 
brate their instruments. 
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THE ROYAL. SOCIETY 
CONVERSAZIONE. 


THE annual conversazione of the Royal Society 
was held at Burlington House, London, W.1, on 
Thursday, May 26, the Fellows and guests being 
received by the President, Sir Robert Robinson. 
As usual, a number of exhibits covering a wide 
range of activities were on view, the object of the 
gathering being the creation of interest in scientific 
research. 

The principal, and indeed almost the only, his- 
torical exhibit was shown by the Science Museum. 
It consisted of the original apparatus used 100 years 
ago by Joule in his water-paddle experiments on 
the mechanical equivalent of heat. With this 
apparatus he was able, in 1849, to conclude that the 
** quantity of heat capable of increasing the tempera- 
ture of I lb. of water (weighed in vacuo and taken 
at between 55 deg. and 60 deg. F.) by 1 deg. F., 
tequires for its evolution the expenditure of mechani- 
cal force represented by the fall of 772 Ib. through 
the space of 1 ft.’ "joule thus brought thermal 
processes within the scope of the law of conservation. 
of energy, which with its twin—the law of conser- 
vation of mass—were, until the present century, 
regarded as governing all known physical and 
chemical processes. Although Einstein has since 
shown theoretically, and experiments in atomic 
physics have also proved, that energy can be con- 
verted into matter, these are not reasons why 
Joule’s work should be deprecated. 

The utilisation of radio wavelengths in stellar 
astronomy was demonstrated by Mr. M. Ryle, of the 
Cavendish Laboratory, Cambridge. By this means 
it has been found possible to investigate regions 
which are too diffuse for observation by light waves 
and, in particular, to study the outer atmosphere 
of the sun. Wavelengths of 1-4 m., 3-7 m. and 
7 m. are employed for this purpose, utilising a very 
sensitive radio receiver. This receiver is combined 
with an interference system in which spaced aerials 
are used to distinguish between the sources and the 
background of galactic radiation. The positions of 
the more intense sources of radiation can be deter- 
mined with an accuracy of 5 to 10 minutes of are 
and the positions of about 25 such sources have so 
far been found, including two (in the constellations 
of Cygnus and Cassiopeia) between declinations of 
+10 deg. and +90 deg. As none of these appears 
to coincide with a known outstanding star, the 
possibility of there being a star, which emits intense 
radio waves and inappreciable light cannot be 
excluded. To carry out observations of this kind 
it is necessary to be able to measure a power flux as 
small as 10-** watt per square metre per cycle per 
second. With such small quantities and aerials 
of reasonable size, the power available for measure- 
ment may be only | per cent. of the random fluctua- 
tions inherent in the receiving amplifier. In the 

ratus shown at the conversazione, the receiver 
is therefore used only to indicate equality between 
the received power and locally generated power ; 
the characteristics of the receiver, therefore, do 
not affect the results. The source of local power 
is variable and is automatically adjusted by the 
output of the receiver, so that equality between 
the two is obtained. A current from the local 
power source, which is proportional to its output, is 
used to operate the pen of a recorder. 

Dr. E. Orowan and Mr. O. H. Wyatt, of the 
Cavendish Laboratory, were showing a negative 
spring mechanism. This is a name given to an 
alrangement consisting basically of four links, 
which are joined together to form a rhombus and 
across one diagonal of which a spring is connected. 
Such an arrangement, it is found, exerts a linear 
force between two adjacent links in the opposite 
sense to that of a normal spring, i.e., the resistance 
to compression decreases as compression is applied. 
If, therefore, it is coupled in series with a normal 
spring and the outer ends of the combination are 
fixed, the junction is in equilibiium over a wide 
range of displacement. 

The galvanometers exhibited by Messrs. V. H. 
Attree, A. C. Downing and Professor A. V. Hill, of 
University College, London, consist of a narrow 
moving coil of 10 turns of No. 50 gauge wire, which 
is suspended by cadmium-copper wires in a strong 





magnetic field. Both coil and magnet are, in turn, 
uspended from a 40-lb. lead weight, which is 
attached to flexible mountings, the whole being 
enclosed in a sound and vibration-proof box. The 
movement of the coil is damped by rods dipping in 
silicone. The light from the galvanometer mirror 
impinges on twin photo-electric cells, the output of 
which is amplified and displayed on a cathode-ray 
tube. This tube is mounted in a separate display 
unit, which is provided with a complete system of 
controls. The galvanometers are of two types. 
One, which has a period of 10 milliseconds, is neces- 
sarily insensitive and its deflection is amplified up 
to 100 times. Its characteristics can be adjusted by 
feed back as required. Single or multiple sweeps 
on the cathode-ray tube are started by an external 
signal and the fly-back time is negligible. The 
other galvanometer has a sensitivity of 10~-* ampere 
at 1 metre and is deliberately overdamped. It has 
a deflection time of from 1 to 5 seconds, depending 
on the external resistance. 

Considerable interest was naturally shown in a 
‘* Noughts and Crosses ” Machine, exhibited by the 
Mathematics Division of the National Physical 
Laboratory. This consists of a ground-glass screen 
ruled to give the squared frame used in that well- 
known game, a board carrying the corresponding 


number of plugs and jacks and a series of telephone- ing 


type relays. - Plugging into a jack causes an appro- 
priate indication—nought or cross—to appear on 
the screen and to this the machine replies so that a 
cross or a nought is shown in one of the vacant 
squares. The game then proceeds in the usual way, 
although it is stated that the result is always either 
a win for the machine or a draw. The methods by 
which these results are achieved are elaborate and 
cannot be described in detail here. 

Among the exhibits of private firms, mention 
may be made of the miniature lead-sulphide cells 
for the detection of infra-red radiation, which were 
shown by the British Thomson-Houston Company, 
Limited, Rugby. The development of these cells 
has been facilitated by the discovery of sensitive 
surfaces which are stable in air. It has also been 
found that although normally only suitable for use 
at room temperatures, if the lead-sulphide layers 
are cooled in liquid air and the room-temperature 
radiation is screened-off, the sensitivity is increased 
ten times. The use of solder glass technique has 
enabled a Dewar flask to be constructed which 
incorporates a. window of high transparency to 
infra-red radiation, so that full use can be made 
of the sensitivity obtained by the employment of 
liquid-air cooling. The same firm were showing a 
triode consisting of a germanium crystal base, an 
exciter electrode and a collector electrode, This 
is capable of both oscillation and amplification and 
can also be used as a generator of high or low fre- 
quency oscillations in a conventional feed-back 
circuit with the phases suitably adjusted. As in the 
Transistor, the exciter and collector electrodes are 
spaced about 1/1,000 in. apart and with the exciter 
electrode biased between 0-2 to 0-8 volt positively | f 
and the collector electrode biased negatively be- 
tween 10 and 80 volts, power gains of the order of 
20 decibels are obtainable. 

During the evening a film entitled ‘‘ Explosions 
on the Sun” was shown. This was photographed 
by Professor D. H. Menzel at the High Altitude 
observatory of Harvard University and the Univer- 
sity of Colorado, and displays the motions of the 
prominencies on the sun’s limb. In making the 
film the coronagraph, developed by Monsieur H. 
Lyot, of the Paris Observatory, before the war, was 
employed, 


. 





THE LATE Mr. J. P. MacKINNON.—We regret to record 
the sudden death of Mr. James Peacock MacKinnon, 
which occurred on May 26, while he was returning to 
Glasgow after a business visit to London. Mr. MacKin- 
non, who was 65 years of age, was a director of Messrs. 
Fredk. Braby and Company, Limited. He joined the 
staff of the Glasgow Works of the firm in 1905, and, ten 
years later, was appointed departmental manager, In 
1939, Mr, MacKinnon was made assistant manager 
and, in 1944, became a director of the firm and manager 
of the company’s Scottish works, at Glasgow, Falkirk 
and Motherwell. For several years he had been 
closely associated with the Sheet Makers’ Conference, 
British Metal Window Manufacturers’ eeerorranetaady and 
the Galvanised Tank Manufacturers’ Association, 


THE LIMITATION OF ELECTRICAL 
MAXIMUM DEMAND. 


A piscussioy on “ Apparatus for Limitation of 
Maximum Demand ”’ took place at a meeting of the 
Measurements Section of the Institution of Electrical 

on Tuesday, April 26, when Mr. A. H. Gray 
that the subject had only recently assumed 
sufficient importance to merit mature consideration. 
The necessity for rigid national economy, however, had 
provided the impetus for the installation of apparatus, 
which gave all the requisite information for im 
the effective limitation of demand either automatically 
or manually. 

The definition of maximum demand, that is the 
maximum consumption of kilowatt-hours in any one 
time period, precluded the use of instantaneous mea- 
suring devices, except under yo loading conditions. 
The almost universal use of meters employing the 
Merz block system also rendered most thermal devices 
unsuitable owing to the indefinite time period and 
possible voltage variation. Choice was therefore re- 
stricted to a maximum-demand meter arranged with 
contacts which operated when some pre-determined 
value was reached; or to the more complicated 
mechanism which continuously compared the integrated 
consumption against a standard and operated a con- 
tact when this standard was exceeded. The first type 
was simple and cheap, but had disadvantages which 
limited its application. The second not only provided 

ing in adequate time, but gave information regard- 
the magnitude of the correction to be applied and 
the time available to carry out the change. 

Broadly s ing, load could be divided into two 
classes : smoothly variable load, such as furnaces and 
the like, and load which could only be changed in 
blocks, as was the case with machine tools. ‘The control 
of the former type of load was a simple regulating pro- 
blem and could be accomplished in a number of ways. 
One method, employing cam-operated single-pole 
double-throw switches, injected impulses, which were 
exactly proportional to the error, into the governing 
gear; and a synchronising signal, which was sent out 
at the end of each correcting impulse, prevented hunt- 
ing. In the second class of load, hunting had to be 
pie by the introduction of suitable time-delays. 

t was also usually desirable to provide a ready means 
of altering the sequence of load shedding, in order that 
the gear should not impose undue restriction upon the 
production programme. It was further essential to 
design the equipment so that a failure would not permit 
an increase in demand. Otherwise, one failure might 
impose a financial ity lasting a eonsiderable time, 
As a failure applied both to the apparatus itself and to 
the various supplies associated with the Fan ment, 
two forms of protective device must be empl ; one 
to afford protection against failure of an = of the 
equipment and the other to prevent the failure of any 
supply ca mal-operation of the contro] gear. The 
former mn 4 consisted of a separate measuring 
device with contacts, which operated entirely inde- 
pendently of the control unit. The second was the 
usual no-volt protection. The operation of either of 
these devices usually caused an to sound and, if 
desired, reduced the load to some pre-selected value. 

The discussion showed that there was general agree- 
ment on the importance of reducing to a minimum the 

errors which must be left to the control of the 
maximum-demand equipment. Continuous recording 
pager en could provide useful information as a basis 
Much could, for instance, be done to 
sitiine > boule in mass-production factories by shifting 
the plating and thermal-storage loads to the night or 
early-morning periods. In this country, abnormal 
demands for domestic space heating might occur on 
only a few days a year, which ruled out the effective 
use of time switches. Central control, either by direct- 
current bias or ripple relays, was the only practicable 
solution, and by concentrating first on a A with high 
thermal capacity, interruption of supply would cause 
minimum interference with service. erent tariffs 
for on and off-peak periods would be an assistance and 
the timing trains of maximum-demand meters might 
be centrally controlled in accordance with load condi- 
tions. Some method of assessing the relative import- 
ance of an alarm given by a maximum-demand meter 
was essential. 





SCIENCE MUSEUM HANDBOOK ON ROAD VEHICLES,— 
A shortened version of the Science Museum handbook, 
entitled “ Mechanical Road Vehicles—Part I. Catalogue 
of Exhibits with Descriptive Notes,” has been prepared. 
The volume contains brief descriptions of steam road 
vehicles, motor cars and motor cycles, as well as 
descriptiuns of their engines, from early times down to 
the present. Copies of the handbook, price 2s. 6d. net, 
or by post 2s. 9d., may be obtained from the Science 
Museum, South Kensington, London, S.W.7, or from the 
sales offices of H.M. Stationery Office, at. York House, 





Kingsway, London, W.C.2, and elsewhere. 
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SURFACE-MEASURING INSTRUMENTS. 


MESSRS. TAYLOR, TAYLOR 


AND HOBSON, LIMITED, LEICESTER. 








SURFACE- 
MEASURING INSTRUMENTS. 


** TALYSURF *’ 


Tue “Talysurf” surface-measuring instruments 
manufactured by Messrs. Taylor, Taylor and Hobson, 
Limited, Stoughton-street, Leicester, have been de- 
— for determining the roughness of surfaces, such 

» by traversing a sharply pointed stylus 
over them and then electrically amplifying its move- 
ments. A graph, which indicates the nature of a 
cross-section of the surface undulations, is drawn on 
a recorder, or an average number indicating the 
degree of roughness is shown on a meter. The latest 
pattern of instrument, which is somewhat simpler 
than the earlier models, is illustrated on this peges the 
pick-up which houses the stylus being visible in the 
centre with the amplifier on the extreme right and the | 
recorder between the latter and the stand which 
— the work and the gearbox. 

e pick-up is provided with a removable nosepiece, 
so that either a rounded skid or a flat shoe can be used | 
for generating the datum, according to the nature of 
the specimen. The diamond stylus, with which the 
pick-up i# fitted, has a radius of 0-001 in, at the tip 
Ft ee ek ron tal ae ta 1 gm. 
This is light enough to ensure that the shape of even 
the softest metal surface is not affected by the passage 
of the stylus. The stylus arm will enter a 4 in. dia- 
meter hole to a depth of 1 in. and a 1}-in. diameter 
hole to a depth of 6 in., so that the internal surfaces can 
be examined. The amplifier, which incorporates a 
power pack, is designed to feed both the average meter 
and recorder through separate sockets. An interesting 
feature is that the ee recorder gives a graph with 
rectilinear, instead of the original curved, co-ordinates. 
It is also equipped with Teledeltos paper so that the 
use of ink is avoided. The pen has a high speed of 
response, so that a detailed graph, the length of which 
is adequate for most surfaces, is obtained in about 
30 seconds. Magnifications of the height of the undu- 
lations in a direction normal to the surface can be 
obtained in steps of from 1,000 to 50,000 diameters, the 
range of magnifications along the surface being 100 
diameters or 20 diameters. These magnifications can 
easily be checked by the user starting from a pair of 
slip gauges, while the higher values are checked with 
an etched glass standard. 

The extent to which the different parts to be tested 
vary both in size and in the crest separation of the 
irregularities on — sets a certain problem in surface 
measurement. e stylus must obviously travel over 
pss ust gn actory average is to be obtained. 
On the other hand, it may happen that the necessary 
length of travel for widely-spaced crest on a large sur- 
face is greater than the whale length of a small surface, 
say, @ piston ring, on which the crests will be correspond- 
ingly closer. Two distinct t of average meter 
are therefore required, one of which is suitable for 
the finer finishes, sen as those in which yom major 
crests are less than 0-3 in. apart along the 
surface. ie toavel of Sho sigan one ve alata $e 
cover about five such lengths by appropriate tions 
in the gearbox. The other type of meter gives the 
user a choice of three lengths of travel for average | b 
measurement, the maximum crest spacing associated 











| with each being 0-01 in., 0-03 in. and 0-1 in., respec- 
| tively. The middle range gives the same performance 
| a8 the first type of meter and can be used for measuring 
the finest finishes. The longest range can be employed 
for measuring the texture of rough grinding, the 
better grades of milling and shaping and the more 
closely-spaced chatter marks and similar defects such 
as are sometimes superimposed on the basic tool marks 
in the finer processes. The shortest range can be used 
for measuring fine finishes on very short surfaces, such 
as the width of piston rings. 





EXTENSIONS AT THORNCLIFFE 
WORKS, SHEFFIELD. 


In common with many large modern industrial 
concerns, the firm of Newton, Chambers and Com — 
Limited, Thorncliffe, near Sheffield, have develo 
from small beginnings. The history of the firm oes 
in the spring of 1793, when George Newton and 
Thomas Chambers, who were the owners of a small 
foundry in Sheffield, exploring the surrounding country 
for a site for an iron-smelting furnace, found what 
they sought, namely, minerals and the right to work 
them, in a wooded valley then known as Thorner- 
clyff, seven miles north of Sheffield. The development 
of the rich coal and iron-ore deposits brought prosperity 
to the district and to Newton and Chambers, and their 
descendants, all of whom worked hard to establish 
and extend their business. Originally, iron smelters 
and founders, the company have now five main produc- 
tion departments, which are described and illustrated 
in a brochure issued by the firm. In the heavy con- 
structional division, at Thorncliffe, plant for gasworks, 
steelworks and chemical works is made, while the 
light-castings department produces domestic and 
industrial heating equipment. In the mobile engi- 
neering department, mechanical excavatcrs, mobile 
cranes and other tractor-borne appliances are produced. 
In the Ensecote department, metal tanks are lined 
with a resistant thermo-setting plastic. 

The chemical works of the firm are concerned with 
the manufacture of products from coal distillates, 
The now well-known Izal germicide, which was intro- 
duced in 1890, is the basis of a considerable number of 
associated products including cutting compounds for 
the engineering industry. Coal-oil distillation and 
fractionation are carried out in the chemical works 
and the resultant products are transferred by tank- 
wagon to a bottling and packing works known as the 
Izal factory. The building has been considerably 
extended by the erection of a new factory adjacent to 
the old and connected with it by a covered bridge. 
The new factory, which was opened recently, is built 
of reinforced concrete and the plan area of the ground 
floor measures 215 ft. by 160 ft. There are eight 
internal columns supporting an upper storey; a base- 
ment houses the storage tanks for Izal and also the 
boilers for the high-pressure hot-water space-heating 
system. The boilers are fired with creosote pitch 
ou lied by the firm’s chemical works. The main 

ding contractors .were Messrs. Henry Boot and 
Sons, Limited, Sheffield. 








WORK OF THE DEPARTMENT OF 
SCIENTIFIC AND INDUSTRIAL 
RESEARCH. 


Tue 39th annual May lecture of the Institute of 
Metals was delivered in London by Sir Edward 
Appleton, K.C.B., K.B.E., F.R.S., on Wednesday, 
Ma . Sir Edward, who, as recorded on 154, 
ante, relinquished his post as Secretary of the Depart- 
ment of Scientific and Industrial Research on April 30, 
described the history, organisation and work of that 
department. 

Stressing the importance of fundamental research 
in the universities, Sir Edward said that industrial 
research drew upon the reserves of scientific knowledge 
gained by the investigator in pure science and it was 
the first duty of a nation which intended to develop 
science as an aid to industrial progress to foster, to the 
utmost, fundamental research at the universities, 
Experience had shown that it was from ideas suggested 
by such work that the really great and revolutionary 
industrial advances sprang. Little fundamental re- 
search had been done during the late war, so that it 
became very necessary, after the war, to replenish our 
scientific capital. The main support for the univer- 
sities came, not from the Department of Scientific and 
Industrial Reseazch, but from the University Grants 
Committee, Lat the department was not precluded 
from supporting special items of research of which 
were timely and promising. The greatest scientific 
advances had come, in recent years, at any rate, from 
small teams working under the influence and inspira- 
tion of a leader with ideas. The aim of the department 
was to see that such men lacked neither assistance nor 
equipment, but having decided to support them, the 
department allowed them to get on with their task 
without any undue interference. In this year’s esti- 
mates, the provision for grants to individual workers 
and for the allied service of the training of young 
research workers was over 700,000/., as against 26,000/. 
in 1938. 

A very large part of this sum was expended in 
financing the construction of various t of particle 
accelerators for experiments in ts el physics ; 
indeed, it was expected, in the long run, that this 
programme of work, which was being carried out in the 
Universities of Oxford, Cambridge, Birmingham, 
Glasgow and Edinburgh, would cost at least 1,000,000/, 
in capital expenditure alone. The type of apparatus 
that the physicists required to-day was therefore 
altogether of a different order from that which was 
required before the war. He did not agree with those 
who felt that the pre-occupation of some of our leading 
physicists with work in this field gave it too strong an 
emphasis, There could be, at the present time, no 
more fundamental problems than the identification of 
the elementary particles and the investigation of 
inter-nuclear forces, but there was a danger of a different 
character. This large-scale work had had to be carried 
out by teams, since many hands and many types of 
knowledge were required to work out a plan conceived 
by one brain. There was some doubt, therefore, whether 
each member of such a team was likely to receive the 
individual research training, possible in much of the 
earlier physical research which did not depend on the 
use of these emission machines. 

Commenting on the department’s policy of grants 
given to individual investigators engaged on specific 
items of research, Sir Edward said that it was generally 
believed that these research trainees must work at a 
university and that the training should be entirely in 
fundamental science. This was not the case; grants 
might be given by the department for training in 
applied science, in the methods of industrial research, 
and even for courses in technology. The awards could 
also be held not only at universities, but also at tech- 
nical colleges, establishments of the department, re- 
search associations, and, in fact, any research labora- 
tory or institution approved by the Advisory Council, 
including, in special cases, industrial works. It was 
hoped that, by such awards, it would be possible to 
turn out a very valuable type of man having a strong 
scientific background combined with a more practical 
post-graduate training than hitherto, and that through 
them it would be possible to do something towards 
meeting the demand in industry, so great at the 
present time, for men who could rapidly play their 
part in the development research that many firms 
were eager to undertake but which they had to post- 
pone through lack of suitable staff. 

One of the most remarkable results of the depart- 
ment’s work which had come from the Chemical 
Research Laboratory, at Teddington, had been the dis- 
covery of what were known as ion-exchange resins by 
Holmes and Adams in 1934. One class of these 
substances were synthetic resins which were really 
insoluble organic acids. If, for example, a weak 
salt solution were passed through a tube containing 
granules of one of these.resins, the sodium ions in the 
salt were exchanged with the acid group in the resin 





so that what came out of the tube was weak hydro- 
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chloric acid. This class of substances acted, therefore, 
like the ordinary base-exchange water-so 
materials. Holmes and Adams had prepared other 
inorganic materials which contained basic groups so 
that weak acids passing through them came out as 
water. Thus, if ordinary tap water were 
through two tubes in series containing two varieties of 
resins what: emerged was comparable in purity to 
distilled water. Sea water, for example, treated in 
this way became drinkable. After a time, of course, 
the ion-exchange resins became exhausted and 
to be regenerated like the natural base-exchange 
substances, but this could be done quite simply. 

The de a had taken out world-wide patents 
for this very which had proved of considerable 
value to the nation, and the royalties were bringing in 

a fair sum in di each year. Hitherto, the chief 
applitation had been to water softening for domestic 
and industrial p , but these ion-exchange pro- 
ducts had been applied to the recovery of metals such 
as copper and nickel from solutions, to the purification 
of sugar, and to the treatment of many trade effluents. 
They were also of use in the preparation of rare metals 
and the ucts of uranium fission. Altogether it 
seemed likely that these materials would play an increas- 
ingly important part in industrial chemistry in the future. 

In dealing with the ‘post-war -period, Sir Edward 
mentioned the remarkable growth of the research 
associations. He said that what had caused surprise, 
after the war, had been the way in which the co- 
operative research associations had forged ahead. 
Rather et mre this growth had not been looked 
upon altogethe Soeerably § in some other than indus- 
trial quarters and the suggestion had been made that 
the money spent on the associations would produce 
better results if it had been spent by firms in their own 
laboratories. To meet this suggestion it was only 
necessary to quote a few figures. A subscription of 
perhaps 2501. a year in the case of a large firm, or of 
251., or even less, in the case of a small firm, entitled 
them to participate in research costing many thousands 
a year. How much research could be obtained for 
the same expenditure in a firm’s own laboratories, 

in mind that the survey carried out by the 
Federation of British Industries revealed that the cost 
of employing a single qualified scientist in properly 
equipped scientific research laboratories worked out at 
about 2,5001. a ? No one in the department, 
however, thought that the existence of co-operative 
research associations rendered it unnecessary for a 
firm to develop its own research organisation to the 
greatest extent it could afford. . The two types of effort 
were entirely complementary, but the fact remained 
that a firm which had a research department of its 
own was likely to be a stronger supporter of a research 
association than a firm which had not, and, moreover, 
it was better able to obtain value for its oe 
because it could use and develop the results 
operative research more easily and could better apply 
them to its own ends. The real s of the co- 
operative research movement lay in the fact that the 
things which a self-governing research association did 
were those which the industry itself, as ited by 
the association’s council, believed could be better done 
co-operatively than individually. 

It was to the research assotiations that we must 
look for the greatest contribution towards immediately 
increased productivity. For instance, the record 
output achieved by the cast-iron industry of 34 million 
tons a year, compared with 2} million tons pre-war, 


could be largely attributed to the work of its research - 


association on the improvement of manufacturing pro- 
cesses, as, for example, the re-design of the cupola 
furnace. To the long list of heat-resisting and corro- 
sion-resisting cast irons which had come out of its 
laboratories must be added the remarkable material 
of great strength known as nodular cast iron. Both 
the new and the new cast iron were earning 
dollars from the United States under licensing arrange- 
ments. 

Quoting, in conclusion, an example of co-operative 
effort between the Government, two research associa- 
tions and a number of industrial firms, Sir Edward said 
that this might well result in an extra million tons of 
steel a year being produced from existing open-hearth 

lant. Government factories extracting magnesia 
sea-water, he said, had succeeded in wokating 
magnesite, from which basic refractory bricks, in 
every way as as those made from im 
materials, could be manufactured. Under the stimulus 
of the British Iron and Steel Research Association and 
the British Ceramics Research Association, several 
open-hearth furnaces of “ all-basic ” Mew nom 
been built in steelworks and were at present gi 
increase of 10 per cent. of output per sqaare © foot ‘of 
hearth. The new bricks, though more expensive than 
those previously used, enabled furnaces te be driven 
at ba temperatures and also gave them a longer life. 
This made the introduction ef a continuous working 
week possible, and that, in turn, made the use of the 
new bricks apparently economic. 


\combined was estimated prey at 130 for 


had | for February last, and with 123 for February, 1948. 


©°- | in Nottinghamshire have turned down a proposal by 





LABOUR NOTES. 


INDUSTRIAL production rose steadily during the 
six months from September, 1948, to February this 
year, the increases being equivalent to approximately 
5 per cent. per annum. Production for Ai industries 


March, 1949, according to the interim index of indus- 
trial production, issued by the Central Statistical 
Office. This compared with a revised figure of 131 


The index figure for the mining and quarrying group of 
industries was 118 for both February and March last, 
against 113 and 106 for February and March, respec- 
tively, in 1948. Production in the manufacturing 
group of industries was estimated at 133 for both 
February and March last, and the figures for the 
corresponding months in 1948 were 124 and 121, 
respectively. The building and contracting industries 
reached a production level of 125 for February and 
120 for March, 1949, compared with 122 for February 
and 116 for March, in 1948. The figures are based on 
the average level of production in 1946, which is taken 
as 100 in all cases. They are also adjusted, according 
to the number of days, excluding Sundays, in each 
month, but no account is taken of public or annual 
holidays. The covering Treasury statement points out 
that the production figures shown by the index are, 
in many respects, the most significant measure of 
Britain’s economic progress. 








| 

An annual allowance of nine tons of coal per miner, 
free of cost, is to be made to Scottish miners employed 
at collieries where there are no pithead baths. In the 
case of miners working at collieries which have baths, 
the allowance will be reduced to seven tons a year. A 
joint statement by the Scottish Divisional Coal Board 
and the Scottish area of the National Union of Mine- | 
workers, issued last Monday, appealed to all miners 
entitled to this coal to exercise economy. The an- 
nouncement points out that the appeal of the Ministry 
of Fuel and Power to miners and colliery-owners, in 
1943, for a curtailment of the concessionary-coal allow- 
ance was responded to only in. Scotland, with the 
result that the quantity of coal allowed to Scottish 
miners entitled to concessionary coal was limited to 
six tons annum at mines having pithead baths, 
and to eight tons where no baths pars The miners 
concerned received no compensation, but it was clearly 
understood by all parties that the agreement was to 
cover only the period of the war emergency. The 
miners are reminded that the free coal is for their 
personal use only and that it is illegal for them to sell, 
or otherwise dispose of, it to third parties. 





According to a statement made last Saturday, miners 


the National Coal Board that some of their free coal 
should be passed on to miners in the Lancashire and 
Cumberland coalfields. The Board had s ed that 

men, who were not taking up the whole of the conces- 
sionary coal to which they were entitled, should permit 
the coal not claimed by them to be pooled, in order to 
assist miners in Lancashire and Cumberland to obtain 
an allotment. It was pointed out at the meeting of 
the Nottinghamshire area council of the National 
Union of Mineworkers that agreement with the Board’s 
proposal would amount to a reduction in wages. The 
ition was that, at the majority of pits, miners who 
did not take up all their free coal were entitled to cash 
allowances, varying in amount up to Il. 7s. a load, in 
respect of the coal they did not, claim. 





Negotiations between the National Coal Board and 
the National Union of Mineworkers were commenced 
in London on Tuesday to work out a scheme for 
concessionary coal on a national basis and were 
adjourned until next Thursday. Such a scheme would 
make for greater equality, but might involve some of 
those who now benefit most giving up a portion of 
their coal to help miners who now get none. The 
present arrangements for free and cheap coal vary 
considerably throughout the various coalfields. 





The full-time weekly wages of some 199,000 work- 
people in the United Kingdom were increased during 
April by amounts estimated to total 39,0001. weekly, 
equal to an average increase of 4s. each. The statu- 
tory minimum rates, fixed under the Wages Councils 
Act, for men in certain occupations connected 
with the manufacture of stamped or pressed metal wares 
were increased by 5s. a week. The minimum rates for 
other men employees in the industry were increased by 
1}d. an hour, and the minimum rates for women 
—_— by ld. an hour. The Ministry of Labour 

Gazette reports that, in the light-castings industry, there 
were increases in the national benus of 5s. a week for 
men and of 4s. a week for women. 





| progress in April last. 


During the first four months of the present year, 
about 3,122,000 persons received net increases in their 
full.time weekly wages, amounting, in the — 
to 417,8001. a + ah The largest single industrial 
to benefit was the building and contracting ‘a 
which 1,076,000 employees received increases, during 
the period, totalling 81,2001. weekly. Some 173,000 
persons engaged in metal manufacture shared increases 
amounting to 8,200. a week, and an additional 50,000 
work le, employed in the metal-goods trade, not 
included in the former figure, received weekly increases 
of 8,700. in all. In the engineering, shipbuilding and 
electrical- goods industries combined, 22,500 opezatives 
benefited to the extent of 1,300/. a week. 





April was another relatively quiet month in respect 
to industrial disputes. The number whieh began 
during the month was 112, and, in addition, 21 stop- 
pages of work, which commenced before April, were 
still in progress at the beginning of the month. The 
approximate number of employees involved in these 
133 strikes was 40,300, and they also resulted in 
136,000 working days being lost. During March, 
183 strikes were in progress, in which 19,800 employees 
were involved and 70,000 working days were lost. 
The comparative figures for April, 1948, were 205 
strikes in pi » with 85,200 workpeople involved 
and 628,000 days lost. The coal-mining industry was 
responsible for no fewer than 83 of the 133 disputes in 
P In these, 9,900 miners were 
involved and 20,000 days were lost. Stoppages occur- 
ring in the transport industry, during the same month, 
numbered six, involving 19,200 persons and resulting 
in 53,000 days being lost, while those in the engineering, 
metal and shipbuilding group of industries numbered 24, 
throwing 7,300 operatives out of work and causing the 
loss to industry of 43,000 working days. 





There was no change in the index of rates of wages 
figure for April. The index figure for all employees was 
108, at which level it has remained since the end of 
December, 1948. . For men only, the figure was 108, 
and, for women only, it was 110, for the second month 
in.euccession, in each case. For juveniles also, the 
March index figure of 111 remained unchanged. 





The interim index of retail prices recorded a figure 
of 109 for “ all items ” at mid-April. This means that 
there has been no change for the sixth month in 
succession. For food items only, the index stood at 
108 at mid-April, the same figure as at mid-March. 
The index is based on the current retail prices of food, 
rent and rates, clothing, fuel and light, household 
durable ‘goods, miscellaneous goods, services, and drink 
and tobacco. 





The railway strike position appears to have deterio- 
rated considerably since our last issue. Motive-pewer 
staff on the East-Coast route carried out their threat 
and last Sunday staged a 24-hour strike against lodging 
turns which was even more general than was the case 
during the two — week-ends, and this in spite 
of a request by their union that these stoppages should 
not be repeated. Goods-depot men in London and 
Manchester have ad work-to-rule action in protest 
at the breakdown of railway-wage negotiations, whith 
has taken the form of refusing overtime and of declining 
to work fast to qualify for bonuses. These tactics 
have resulted in great congestion at the Nine Elms and 
London-road, Manchester, depots. Locomotive men at 
Paddington are organising a meeting next Sunday, to 
which representatives from the Didcot, Oxford, Read- 
ing, Slough, and Southall depots have been invited, 
at which a resolution to join the Sundays-only strike 
will be debated. Some 2,000 maintenance men on the 
London Transport Underground system have arranged 
to hold a one-day strike on Monday, June 13, and 
maintenance men at other depots are expected to 
become involved. ‘ 





A statement issued by the Railway Executive on 
Tuesday right, however, suggested that matters might 
take an éarly turn for the better. It announced that 
the Executive repel before a joint meeting with the 
National Union Railwaymen and the Associated 
Society ‘of Locomotive Engineers and Firemen pro- 
posals which it was h would lead to the immediate 
cessation of the unofficial stoppages by the motive- 
power staff against lodging turns. As regards the 
claims for a 10s. weekly wage increase, the Executive 
offered to resume negotiations with the National 
Union of Railwaymen. This offer has been ted 
by the Union and the negotiations were arra’ to 
begin to-day. Talks with London Transport Execu- 
tive began on Wednesday. Late on Wednesday night, 
Union officials met the chief conciliation officer to the 
Minister of Labour. Following this meeting, they are 
understood to have decided to ask the Union’s execu- 
tive to exercise discipline regarding the one-day strikes. 
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THE INSTITUTION OF MINING AND METALLURGY.— | tion of Chartered Surveyors, 14, Great George-street, 
The second Sir Julius Wernher Memorial Lecture of the London, 8.W.1. Nineteen papers have been prepared 
Institution of Mining and Metallurgy will be delivered by | for the symposium, dealing with the refining of gold, 
Dr. C. H. Desch, F.R.S., at the Royal Institution, 21, leagper, lead, zinc, tin, and other metals. It is expected 
Albemarle-street, London, W.1, on Wednesday, July 6, | that the symposium will be divided into eight sessions, 
at5p.m. The subject of the lecture will be “‘ The Effect | two in the morning and two in the afternoon of each 
of Impurities on the Properties of Metals.’”” Admission | day. Application forms for tickets of admission 
is free without ticket. On the two subsequent days,|and for advance copies of the papers are obtainable 
namely, Thursday and Friday, July 7 and 8, the Institu-| from the secretary of the Institution of Mining and 
tion have arranged a symposium on the “ The Refining | Metallurgy, Salisbury House, Finsbury-cireus, London, 
of Non-Ferrous Metals,” to be held at the Royal Institu- | E.C.2. 
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THE AERONAUTICAL RESEARCH 
SCENE.* 
By Hucx L. Drypen, M.A., Ph.D. 


AERONAUTICAL research ten years ago, when Dr. 
Lewis addressed you was very different from that of 
to-day. The National Advisory Committee for Aero- 
nautics had one laboratory at Langley Field, with 
about 500 employees. Laminar-flow aerofoils, turbu- 
lence effects in wind tunnels, and stalling of tapered 
wings, were typical aerodynamical subjects of interest. 
The word transonic was not yet born, and supersonic 
speeds held the interest only of ballisticians and a few 
enthusiasts, who pointed to the practical problem of 
the aerodynamic characteristics of propeller sections 
at high speeds. Compressibility effects, however, 
were being encountered and studied in the N.A.C.A. 
8-ft. 500 m.p.h. wind tunnel. New forms of cowling, 
wind-shields, and propellers, were being developed 
to delay the onset of shock waves. Power-plant 
research was occupied with wear of piston rings and 
cylinders, fuel injection, octane rating, vapour lock, 
cowling and cooling, and close-finned cylinders, while 
research on problems of Diesel engines was still con- 
sidered worth while. The most prominent features 
of the aeronautical scene to-day are associated with 
transonic and supersonic aerodynamics and jet propul- 
sion, research directly related to reciprocating engines 
having contracted considerably. The new power plants 
represent such a fusion of aerodynamics and thermo- 
dynamics that the boundaries between aerodynamics 
and propulsion are ill defined, although the special 
field of rockets is well-recognised. Subsonic aero- 
dynamics has not diminished, since the pgs eo 
aircraft must operate safely in this region as well as 
at transonic and supersonic speeds. The contact of 
high-speed aerodynamics and structures has precipitated 
an area of aero-elastic problems. New aerodynamic 
configurations have reoriented structural research, 
while materials research is dominated by the need for 
improved high-strength heat-resisting alloys. 

Research is the foundation for the quality of the 
aircraft. From N.A.C.A. experience the quality of the 
aircraft to be manufactured four years hence depends 
on the experimental facilities begun four years ago 
and on the research now being started. The activities 
included under the term research and the goals of 
various groups of research workers have become widely 
varied. It has long been known to scientists and 
engineers that the best method of advancing a practical 
field is to set different goals before different groups. 
The setting of practical goals has little value in the 
field of pure research, in which the worker himself 
cannot foresee the possible applications or evaluate 
their worth. The most common goals of basic research 
are discovery and understanding. The path between 
basic research and the finally-developed product is 
not a direct one. The same basic-research accomplish- 
ment may contribute to improvements in many pro- 
ducts, and the improvement of any particular product 
depends on the results of basic research in many fields. 
Nevertheless, it is possible to guide even this type of 
research into channels which bring productive results 
to a given technological field. By contrast, it is 
profitable to set specific goals for groups conducting 
applied research directed toward specific «pplications. 
The result may be an invention or the construction of 
prototype equipment meeting the specific goal. Such a 
research group draws upon all the existing knowledge 
obtained by basic research and can suggest new 
problems for it. There are many other groups en- 
gaged in aeronautical research travelling intermediate 
roads. In general, the basic-research groups yield 
results which will be applied to aircraft of the future, 
whereas the applied-research groups look toward early 
application. 

The most important tool in aeronautical research, 
even more important than large wind tunnels, is the 
human mind. There is a large group of aeronautical 
research workers who apply their conceptual and 
logica] faculties to the exploration of new fields. When 
checked and guided by suitably planned experiments, 
the theories developed by this group become the 
foundation for prediction and analysis cf results to be 
expected in experiments yet to be made. Theories 
need not be perfect or universally applicable to be 
useful, provided that their limitations are clearly 
understood. One of the surprising developments in 
aeronautics is the wide utility of the potential theory 
of a non-viscous fluid. A few decades ago classical 
hydrodynamics was considered as a purely mathe- 
matical discipline, having little or no connection with 
the behaviour of a real fluid. The practical field of 
hydraulics was based almost completely on empirical 


* The 37th Wilbur Wright Memorial Lecture entitled 
‘‘The Aeronautical Research Scene—Goals, Methods and 
Accomplishments,” delivered before the Royal Aero- 
nautical Society in London on Thufsday, April 28, 1949. 
Abridged. 
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experiments with little underlying theory. With the 
advent of the aeroplane, and experiments with its 
component parts, it was found that predictions made 
on the basis of the mathematical potential theories of 
classical hydrodynamics were strikingly accurate in 
many instances, especially as bodies of better aero- 
dynamic form were discovered. As a result, aeronautical 
engineers have developed a considerable degree of 
confidence in the predictions of potential theory. As 
the velocity of the tips of aeroplane propellers and 
later of the complete aeroplane increased, it became 
necessary to consider the effects of the compressibility 
of the surrounding air. Again the early theoretical 
workers turned to potential theory, but this time the 

were confronted with a very difficult non-linear partial- 
differential equation. To make the problem more 
amenable to analysis, Prandtl, in the early ‘twenties, 
proposed a linearisation of this equation based on the 
assumption that the flow around a thin wing or stream- 
lined body may be considered as a small-perturbation 
field superimposed on a uniform free stream. Soon 
afterwards followed the two-dimensional subsonic 
aerofoil theories of Glauert and Prandtl, and the two- 
dimensional supersonic theory of Ackeret. 

The decade of the ’thirties extended the range of 
interest to problems concerning bodies of revolution, 
and saw the birth of some of the notions later to be 
found so useful in supersonic three-dimensional wing 
theory. The concepts of a supersonic source and 
doublet were adopted from the basic theory related 
to the wave equation of mathematical a op and 
applications were extended to include inclined bodies 
of revolution. The general ideas of conical-flow field 
evolved from the work of several theorists. The ‘forties 
saw an extreme growth in the rate of development of 
supersonic theory. In particular, supersonic, three- 
dimensional wing theory s into being almost 
overnight. Several schools of thought arose; one 
based on the conical-flow concepts of Busemann, 
another on the source, sink, and doublet concepts, 
and yet another on the use of Fourier integrals and the 
acoustic anal All were exploited by a great 
number of theoretical workers, and often a new theo- 
retical result was discovered simultaneously by several 
independent workers. The trend of investigation at 
the present time is in the direction of developing more 
accurate wing theories by including previously- 
neglected non-linear terms and by including terms 
representing viscous forces. Non-steady flows also 
are receiving much attention for use in analysis of 
flutter, gust loads, and aeroplane dynamics. The 
accomplishments of the theoretical workers in this and 
related fields have been summarised recently by von 
Karman and by Lighthill. 

Many of the theoretical problems of modern aero- 
nautical research are not amenable to exact mathe- 
matical treatment, either because the numerical com- 
putations, although straightforward in principle, are 
extremely laborious, or because processes of numerical 
or graphical approximation are the only methods of 
attack. The development of modern, large-scale, 
high-speed computing machines makes ible an 
attack on both types of problem. The culmination of 
this line of development is the electronic digital com- 
puter, the first of which, the E.N.I.A.C., is now being 
operated at the Ballistic Research Laboratories, Aber- 
deen Proving Ground, Maryland. Extensive systems 
of simultaneous linear algebraic equations are tractable 
with such machines. t numerical methods 
of solving partial differential equations become practic- 
able when the speed of operation reaches the values 
now contemplated by machine designers. The 
E.N.I.A.C. has already been applied to several aero- 
dynamic problems such as flow in compressible boun- 
dary layers and at present it is completing computations 
of the supersonic-flow field around cone-cylinder com- 
binations with attached shock wave. The prominent 
position held by theoretical workers in supersonic 
aerodynamics in the present aeronautical research 
scene is due, in part at least, to the large, expensive, 
and complicated equipment required to make experi- 
mental measurements, and to the confidential status 
of most of the experimental results. 

One of the problems on which much exploratory 
work is in progress is that of transonic flow in which 
there are regions of both purely supersonic and subsonic 
flow. Difficulty is encountered by the theorist since 
the partial differential equation with which he works 
ch character in the field ; and, of necessity, solu- 
tions obtained in the subsonic and supersonic portions of 
the flow must match on the boundary. The available 
mathematical knowledge is insufficient. Moreover, ex- 
periments have not yet established clearly the extent 
to which the fluid can be made ideal. In two dimen- 
sions the interaction of shock waves existing in the 
field with boundary layer is known to depend on the 
Reynolds number, the type of shock-wave formation 
being different, depending on whether the flow in the 
boundary layer is laminar or turbulent. These 
variations produce differences in the ure distribu- 


tion on aerofoils, but it is not definitely known whether 








JUNE 3, 1949. 


AERONAUTICAL RESEARCH. 








Fie. 5. ArreR-Grow Patrern. FLOW OVER 
15-Dea. DousLE WEDGE. 





FLOW OVER 


Artrer-GLow Pattern. 
30-Dec. WEDGE. 


Fig. 7. 


an adequate treatment can be achieved without the 
inclusion of viscous effects. Tsien and Finsten presented 
a paper recently which indicates that some of the 
principal features of the interaction may be accounted 
for without introducing viscous effects. They studied 
an ideal case consisting of a subsonic flow of uniform 
velocity of limited depth along a plane solid boundary 
and a supersonic flow extending from the outer boun- 
dary of the subsonic stream to infinity. The behaviour 
of the system was studied when a shock wave in the 
—- flow was reflected from the boundary between 
subsonic and supersonic flow, and when there was a 
small disturbance at the wall. The effects propagate 
upstream in the subsonic region to a distance which is 
proportional to the thickness of the subsonic layer. 
The authors suggest that the principal difference 
between the shock-wave boundary-layer interaction 
for laminar and turbulent boundary layers, lies in the 
thickness of the subsonic-flow region which is much 
less for the turbulent case. 

Among the most interesting explorations in aero- 
nautical research are those being conducted in the 
fields of rarefied-gas flow and hypersonic flow. Interest 
in these fields arises from the directions of development 
of jet power plants and missiles. Missiles have a ly 
penetrated to extreme altitudes in the atmosphere and 
it is well known that the power required for supersonic 
flight is greatly reduced as the altitude is increased. 
There is ev practical incentive to develop air- 
breathing jet-propulsion devices capable of operation 
at very high altitudes. A research programme which 
looks to the future must give some attention to basic 
work in this area. The development of the V-2 and 
other rockets has permitted the physical exploration 
of the upper atmosphere, and, in time, this work will 
give definite quantitative information on the physical 
conditions existing there. As in any expedition, 
entirely new and unexpected phenomena may or may 
not be encountered, but it is known that the conditions 
include very low pressure and density. It is also 
inferred that the low —— ahd density indicate 
greatly reduced drag of bodies moving through the 
upper atmosphere, and hence thé possibility of tly 
increased speeds. For this reason some small-scale 





pe rena 3 work is in progress in which the conditions 
of low pressure and density are reproduced in laboratory 
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| apparatus. Kane and Folsom have recently reported 


some pioneering work in this field and some work also 
is under way in the N.A.C.A. laboratories. Tsien has 
summarised the theoretical background which enables 
a classification and separation of the flow problems. At 
low pressures and densities, the fluid can no longer be 
treated as a continuum and the ratio of the mean 


|free path of the molecules to the boundary-layer 
| thickness becomes a controlling parameter. 


If this 
ratio is less than 1 to 100, the usual compressible-flow 
equations are valid, but if the ratio is larger than 10, 
the gas may be considered as a stream of free molecules 
colliding with the wall. Between these limits the gas 
slips over the surface, as investigated by Maxwell in 
1879, and hence this region is called the slip-flow region. 
In any of the regions the Mach number may be high 
or low. 

The distinction between supersonic and hypersonic 
flows is an arbitrary one. From the theoretical point 
of view there are important simplifications at extremely 
high Mach numbers, where the Mach lines lie almost 
parallel to the flow. From the experimental point 
of view, the attempted realisation of very high Mach 
numbers may lead to low density and to flows in the 
slip region, as well as to difficulties with condensation 
of the fluid. Thus there is often some confusion 
between the problems inherent in hypersonic flows 
and in low-density flows. An important tool has been 
developed recently for the qualitative study of flows 
at low density, that is, the after-glow in a gas of low 
density when excited by an electrical discharge. The 
method was proposed by Joseph Kaplan, of the 
University of California, and applied by Williams and 
Benson of the N.A.C.A. Langley Laboratory, and 
Stalder and Goodwin of the N.A.C.A. Ames Laboratory. 
A diagram of the apparatus used by Williams and 
Benson to produce after-glow in a supersonic stream 
of nitrogen is shown in Fig. 1, on page 525. The 
photographs reproduced in Figs. 2, 3 and 4, on the same 
page, show a stream of glowing nitrogen, with a stagna- 
tion pressure of 20 mm. of mercury, in a nozzle. It 
will be seen that the flow does not fill the nozzle for 
the pressure ratios of approximately 9 to 1, 10 to 1, 
and 11 to 1, respectively. Fig. 5, on this page, 
shows the flow past a 15-deg. double wedge at a 
test-section static pressure of 3 mm. of mercury and 
a Mach number of 2-6 as shown by the after-glow 
technique. Comparisons with Schlieren photographs at 
stagnation pressures of 120 to 180 mm. of mercury 
show good qualitative agreement in the shock-wave 
formations. Figs. 6 and 7 show reproductions of 
after-glow photographs in nitrogen taken by Stalder 
and Goodwin at a test-section static pressure of 140 
microns of mercury and a Mach number of 2. 

After-glow is a term descriptive of the luminescence 
that persists in certain gases for an appreciable time 
after the gases are excited to states capable of emitting 
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light; this may vary from microseconds to hours. 
The intensity increases with the density, but the 
quantitative relations have not been fully explored. 
Impurities affect the phenomenon, and there are 
thermal and ibly other effects of the excitation 
that need further exploration. Enough work has been 
done to show that this method may serve the function 
at low density performed by smoke-flow observations 
at low speeds, and Schlieren observations at high speeds 
in streams of higher density. 

Exploratory research is not confined to aerodynamics. 
Space permits but one additional illustration, namely, 
the field of plastic flow. Much theoretical research 
has been conducted on plastic flow with the object 
of determining the time history of the stress and strain 
at all points in a body of arbitrary shape, when the 
boundary loadings and displacements are known at 
all times. Difficulties arise in the attempt to generalise 
the observed stress-strain relations for simple tension 
and compression to complex loading conditions when 
some or all of the material is loaded beyond the elastic 
range. The numerous theories may be classified into 
two principal types. One type, called deformation 
theories, assumes that the state of strain is uniquely 
determined by the state of stress, following the non- 
linear elastic stress-strain curve unless unloading 
occurs. The other type, known as flow theories, assumes 
that increments in permanent strain are determined by 
stress and strain increments. Both assume that 
unloading follows the elastic stress-strain curve. 
Whether the change in the stress state causes unloading 
or loading is supposed to depend upon whether the 
change increases or decreases a rotationally-invariant 
function of the stress. Additional assumptions are 
required to construct a definite theory; Prager and 
Drucker, at Brown University, have reviewed the several 
theories. At the N.A.C.A. Langley Laboratory, work 
has been in progress on the problem of the plastic 
buckling of plates. In the course of this work Batdorf 
and his colleagues encountered certain paradoxical 
results which led Batdorf and Budiansky to propose a 
new theory of plasticity based on the concept of slip. 
The new theory assumes that all plastic deformation 
is due to slip which occurs first along the plane of maxi- 
mum shear stress in the direction of this stress at the 
moment the elastic limit for the material is exceeded. 
As the stress continues to increase, the slip along this 
plane increases and slip begins along adjoining slightly- 
inclined planes as the shear stress on them goes above 
the elastic limit. The theory assumes that slip occurs 
along every plane and in every direction in those 








planes in which the corresponding shear stress com- 
ponent is large enough to cause slip. An experiment 
somewhat like one proposed by Drucker was conducted, 
in which a cylinder was compressed beyond the elastic 
range and was then twisted while holding the com- 
ive strain constant. The results are shown in 
ig. 8, opposite. Throughout the twisting process, 
which is shown by the line ab in Fig. 8, the com- 
pressive stresses decreased while the shear stresses 
increased. The plastic part of the compressive strain 
continually increased. Simple calculations show, 
however, that, during the early part of the twist, both 
the octahedral shear stress and the maximum shear 
stress were decreasing. According to conventional 
theories, the stress and strain should have been elastic- 
ally related as indicated by the line ac. The predic- 
tions of the new theory as to the compressive strain 
associated with the applied stresses are in far better 
agreement with experiment than with the predictions 
of the flow and deformation theories. 
One of the problems on which great progress has been 
made in the past decade is the origin of turbulence. 


Much theoretical work of an exploratory character | pared 


was done by German investigators, notably Heisenberg, 
Tollmein, and Schlichting, on the assumption that 
laminar flow was unstable at a sufficiently high Rey- 
nolds number. More accurately, small disturbances 
were supe! on the laminar velocity distribution 
and their subsequent behaviour investigated. It was 
found that small disturbances of wavelength lying 
within certain limits are amplified, whereas disturbances 
of shorter or longer wavelengths are damped, provided 
that the Reynolds number of the boundary layer is 
greater than a certain critical value. For many 
years the available experimental data seemed to 
contradict this result. It is now known that the 
turbulence of the air streams in which the experiments 
were made was so great that these external disturbances 
controlled transition. Schubauer and Skramstad 
succeeded in reducing the initial turbulence of their 
air stream in following the same procedure experi- 
mentally as the mathematicians had done theoretically. 
They devised a method of introducing controlled small 
disturbances of known frequency, and of studying the 
behaviour downstream, and their results confirmed the 
Tollmein-Schlichting theory in every respect. 

Lin, at the California Institute of Technology, 
extended and revised the mathematical theory of 
Schlichting, clarifying the behaviour of the differential 
equation in the neighbourhood of the singularities and 
recomputing the numerical values. German theoretical 
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Fie. 10. InrerreroGRaM oF Supersonic Free JxEr. 


workers extended the theory to many other cases, 
including the velocity distributions found in flows with 
pressure gradients, both accelerating and decelerating, 
and flows with distributed suction. Meksyn, at King’s 
College, London, studied the mathematical problems 
involved and made independent computations for 
several additional flows. Lessen, at the Massachusetts 
Institute of Technology, computed the stability of the 
laminar boundry layer between parallel streams, finding 
a much lower critical Reynolds number than for the 
Blasius distribution. Several summaries are available 
but the subject has progressed so fast that none is 
complete. 

The Tollmien-Schlichting waves do not constitute 
turbulent flow, and according to the theory there will 
be no amplified wave unless small initial disturbances 
are present. It is believed, but not definitely proved 
yet, that the waves of increasing amplitude produce 
intermittent separation in the regions of adverse pres- 
sure gradient, and that the intermittent separation pro- 
duces dynamically unstable vortex sheets, which roll 
up into eddies, the dimensions of which are small com- 
to the thickness of the boundary layer. These 
diffuse rapidly throughout the layer. If the free-stream 
turbulence is greater than 0-2 per cent., the stream 
turbulence is accompanied by adverse gradients suffici- 
ently great to produce transition, according to G. I. 
Taylor's theory, in which the intensity and scale of the 
turbulence are controlling. At low free-stream turbu- 
lence, the initial disturbances are selectively amplified 
so that the Tollmien-Schlichting waves appear. In the 
limit, noise or surface roughness will be the controlling 
initial disturbance. Because of the great success of 
the theory in the subsonic case, Lees and Lin extended 
the theory to compressible flow. Here the chief 
mechanism of stability is essentially the same as for 
the incompressible case. The effect of heat transfer 
was found to be quite marked. Experimental con- 
firmation of these results is not yet available. 

In spite of intensive study by several teams of 
research workers, a real understanding of the turbulent 
motion of fluids still eludes us. The greatest progress 
has been made in the theory of isotropic turbulence, the 
simplest theoretical case and one which can be produced 
experimentally. The typical experimental situation is 
the flow downstream from a screen, or grid, of cylin- 
drical wires. At a sufficiently high Reynelds number 
of the wire, the usual Karman vortex street breaks up 
rapidly and a state of isotropic turbulence is obtained 
which slowly’ decays, The flow can be described 
statistically by the root-mean-square velocity fluctua- 
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tion and a double-correlation function. Suitable | 
derived from the correlation function define various 
measures of the scale. Recent progress on the theoreti- 
cal side describes the statistical-flow field in terms of 
the spectrum, generalised by Heisenberg from the one- 
dimensional spectral distribution function introduced 
by Taylor to a three-dimensional distribution. The 
randomly-fluctuating space variations of the velocity 
components at any instant are considered to arise from 
a superposition of harmonic waves of continuously- 
variable wave numbers K,, K,, K-, in the directions of 
the selected reference axes. With suitable assumptions, 
which are probably valid for the actual turbulent 
motion, a spectral funetion can be defined which gives 
the contribution to the total turbulent energy of waves 
for which the wave numbers lie within the limits 
K < (K,7+ K+ K,*)}?< K+ dK. Progress along 
this line has recently been reviewed by von Karman. 
The physical picture is that the large-scale eddies arising 
from flow separation transfer their energy through 
eddies of successively smaller sizes. Viscosity plays a 
réle only in the smallest eddy motions. Karman as- 
sumes a transfer function for the energy between 
different wave numbers dependent only on the two 
wave numbers and the energy density. He then dis- 
cusses the spectra to be expected in the initial, inter- 
mediate, and final stages of decay. To the aeroplane 
designer of to-day these discussions seem far-removed 
from his daily problems. They are, however, the initial 
steps in understanding phenomena which produce his 
problems. 

Progress in understanding turbulent shear flow moves 
still more slowly. The aeroplane designer is po 
most interested in the problem of separation of turbu- 
lent flow. There are only a few fragments of basic 
information at present but recent unpublished work 
shows that the spectrum of the non-isotropic turbulent 
motion in a boundary layer is similar to the spectrum 
of isotropic turbulence. 

Another typical situation which is adaptable to joint 
experimental and theoretical attack with some prospect 
of improving our understanding of basic principles, is 
that of the mixing of a jet of air with the surrounding 
still air. Moreover, mixing phenomena in themselves 
are of great practical interest, and even empirical 
information is useful. A considerable amount of work 
has been done on this problem, both experimental and 
theoretical. Most of the theoretical work on turbulent 
mixing has been based on the Prandtl mixing-length 
concept. Most of the experimental work has dealt 
with the incompressible case for which the density of 
the jet is the same as that of the surrounding fluid and 
the velocity is small. Recently Gooderum, Wood, and 
Brevoort, of the N.A.C.A. Langley Laboratory, studied 
experimentally the mixing of a supersonic free jet of 
Mach number 1-6, for which the density of the jet was 
about one and a half times the density of the ambient 
air, the high density resulting from adiabatic expansion 
of the air in the jet from a high-pressure reservoir. 
The nozzle was of the two-dimensional type, but the 
exit opening was 3 in. square. The measuring instru- 
ment was an interferometer, an instrument which is 
finding extensive application in fundamental research 
in fluid mechanics. The general arrangement and 
design of the particular instrument used by Gooderum, 

ood, and Brevoort, is of great interest since the 
instrument has remained in perfect working order for 
about nine months with no adjustments of any kind 
during that period, although it is located on the second 
floor of a building in which motors, compressors, and 
other sources of vibration are present, and is not pro- 
vided’ with temperature control. This remarkable 
result is obtained by the symmetrical design illustrated 
in Fig. 9, on page 527, and by careful attention to 
mechanical design. In this illustration, the splitter 
plates are shown at the lower-left and upper-right 
corners ; the mirrors at the upper-left and lower-right 
corners ; and the compensating plates at the right and 
left of the centre. The light source is of the type 
which was earlier used by Ladenberg and his colleagues 
at Princeton. Light from a high-voltage magnesium 
spark is passed through a spectrometer to give a mono- 
chromatic source. The duration of the spark is of the 
order of three microseconds. The mirrors and splitter 
plates are 4 in. square. 

Fig. 10, page 527, shows an interferogram of a super- 
sonic free jet 0 to 1} in. from the nozzle exit. The 
boundary layer that has built up along the nozzle wall 
emerges and maintains its identity for a short dis- 
tance. At a distance of about 2 in., however, its 
effect appears to be small. The interferograms give 
the density variation across the mixing zone. The 
velocity distributions were calculated on the assump- 
tions that the static pressures in the jet and in the 
mixing region are the same as the pressure in the 
ambient air and that the stagnation temperature 
in the mixing zone is equal to the room temperature ; 
the stagnation temperature of the jet was always not 
more than 7 deg. F. lower than room temperature. 
The velocity distributions were similar to each other 
at the cross sections investigated and are related to the 


distributions at subsonic speeds. The rate of spread of 
the mixing region of this supersonic jet is about four- 
fifths of a subsonic jet. 

As a final example of research planned and conducted 
for the purpose of gaining an understanding of funda- 
mentals, let us consider the problem of flame propaga- 
tion in high-velocity gas streams, high-velocity in this 
instance meaning 100 to 400 ft. per second. The work 
referred to is that of A. C. Scurlock at the Massachusetts 
Institute of Technology. The apparatus was con- 
structed so that a homogeneous mixture cf air and 
gaseous fuel, in this instance, Cambridge city gas or 
propane, could be introduced into a combustion 
chamber of rectangular cross-section, 3 in. wide by 
1 in. deep; the air-fuel ratio could be varied over a 
wide range; and combustion chamber entrance 
velocities from 20 to 350 ft. per second could be 
obtained. The intensity of small-scale turbulence 
could be varied from less than 0-5 per cent. to 8-0 per 
cent., and its scale from 0-01 to 0-08 in. Flame stabi- 
lisers consisting of single rods, 30 deg. gutters, flat 
plates, and multiple rods, were used, with dimensions 
normal to the flow of 0-016 to 0-5 in. The inlet pres- 
sure was approximately atmospheric and the inlet 
temperature 300 deg. to 340 deg. K. Space will not 
permit a complete review of this important paper but 
one of the stimulating ideas is as follows. The added 
pressure drop when heat is added to a flow by combus- 
tion is a well-known phenomenon. Scurlock’s experi- 
ments show that the combustion process produces 
burned gases of lower density, which are accelerated 
more rapidly by a given pressure drop than the un- 
burned gases, giving rise to velocity gradients and 
turbulence. In most cases, this flame-generated turbu- 
lence is of far greater importance than either the small- 
scale turbulence in the approach stream, or the turbu- 
lence generated by a flame stabiliser. In fact the 
classical Karman vortex trails behind a flame stabiliser 
usually disappear after combustion takes place. On 
the basis of theoretical considerations and a few experi- 
ments, Scurlock concluded that rough burning is due 
to random fluctuations of the fraction of fuel burned at 
any cross-section, these causing fluctuations in the 

ure drop which influence the mass flow. Burning 
is roughest when the fraction is nearly unity. When 
resonance or flutter occurs, the period of vibration is 
the resonant frequency of some portion of the system. 
(To be continued.) 





ROLLING-STOCK BUILDING PRO- 
GRAMME, BRITISH RAILWAYS. 


Tue 1949 rolling-stock building programme for 
British Railways, which has recently been announced, 
includes the first five of Mr. O. V. S. Bulleid’s “ Leader ” 
design of tank locomotive which incorporates a number 
of unusual features, 33 Diesel and Diesel-electric loco- 
motives, and one gas-turbine locomotive. The latter 
is being built by Messrs. Brown, Boveri and Company, 
Limited, Baden, Switzerland, and is expected to be 
completed this year. It will be recalled that another 
gas-turbine locomotive is being built for British Rail- 
ways by the Metropolitan-Vickers Electrical Company, 
Limited, Manchester (the orders for both were placed 
by the former Great Western Railway Company), but 
delivery is not expected this year. The London 
Midland Region are building 13 350-h.p. Diesel-electric 
locomotives, the Western Region are building one 
Diesel-electric shunting locomotive, and the Southern 
Region are building two main-line Diesel-electric loco- 
motives, one 500/600-h.p. Diesel shunting locomotive 
with a fluid coupling, and 15 350-h.p. Diesel-electric 
shunting locomotives. Particulars of the two latter 
designs were given by Mr. Bulleid in a British Associa- 
tion paper which was reprinted on pages 68 and 94, 
ante. British Railways also have on order an 800-h.p. 
Diesel-electric locomotive from a contractor. 

The total number of locomotives of all types, includ- 
ing 431 steam locomotives, is 465, of which 309 will be 
built in the Executive’s own shops and the remaining 
156 by outside firms. The number of coaching vehicles 
to be built is 1,972 (591 by contractors), and the 
number of wagons is 27,225 (10,406 by contractors). 
The Executive state that they would have liked the 
building programme to include 4,500 carriages and 
35,000 to 40,000 wagons, but the former is impossible 
owing to shortage of materials and workshop capacity, 
and the latter owing to the shortage of steel. Railway 
workshops will also construct 2,900 road-rail containers. 





THE 70TH ANNIVERSARY OF THE BRUSH ELECTRICAL 
ENGINEERING CoMPANY.—The Brush Electrica] Engi- 
neering Company, Limited, Loughborough, has celebrated 
the 70th anniversary of its foundation by the issue of a 
booklet illustrating the factory and the machinery 
which they manufacture. A historical note recalls that 
the company was formed in London in 1879 to exploit 
the arc lamp and the dynamo, and that the works were 
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NOTES ON NEW BOOKS. 

Electronics in the F Edited by PRoressor 
H. F. Trewman. Sir Isaac Pitman and Sons, 
Limited, Parker-street, Kingsway, London, W.C.2. 
[Price 20s. net.] 

Tis book explains in general terms how electronic 
methods are being used to control equipment, and to 
regulate or speed up various industrial processes. It is 
edited by the Principal of the Electrical and Musical 
Industries Institutes, Limited, and written almost 
entirely by members of the E.M.I. organisation, with 
the object of drawing the attention of factory managers, 
production engineers and others to the vast ibilities 
opened up by the proper application of electronic 
techniques. A survey is made, for example, of elec- 
tronic controls for welding, and for the speed regulation 
of electric motors ; general descriptions are also given 
of electronic counting and timing equipment, di- 
electric and eddy-current heating, servo-mechanisms 
and automatic regulators, the applications of photo- 
electric cells, and the use of electronic apparatus in 
chemistry and medicine. Some diagrams and photo- 
graphic illustrations are included, though the purpose 
of the book is kept clear by avoiding technical descrip- 
tions of circuit details. It is emphasised that the 
examination of a particular process or a problem by a 
qualified electronic engineer may suggest new or 
improved techniques, though it is pointed out that he 
is somewhat handicapped unless others are already 
aware of the vast scope and power of electronics, and 
bring their problems to him. Little is said about 
costs, since these obviously depend upon individual 
cases, and the amount of development work which 
may or may not have been carried out. The book 
fulfils its purpose in that it presents a straightforward 
picture, a little enthusiastic in places perhaps, of what 
can be done with the aid of electronics in fields other 
than radio, radar, telecommunications and television ; 
it may be recommended to all those who are mainly 
concerned with what has’ been, or might be, accom- 
plished, and are seeking improvements on existing 
methods. 

The King George III Collection of Scientific Instruments. 
By J. A. CHatpscort, B.Sc. H.M. Stationery 
Office, York Hceuse, Kingsway, London, W.C.2. 
[Price 6d. net.] 

Tue collection described in this brochure, and now 

on exhibition at the Science Museum, South Kensing- 

ton, was formed mainly between 1740 and 1768, though 
some of the instruments are of later date. It was 





formerly housed at Kew Observatory, but was dis- 
persed in 1841, most of the exhibits here described 
being given to King’s College, London. In 1926, the 
Delegacy of King’s College transferred them on loan 
to the Science Museum, but only recently has it been 
possible to take them out of store for public exhibition. 
The instruments were intended mainly for the instruc- 
tion of the Royal children, but they are representative 
of the current practice of the makers of scientific 
instruments at that time. They cover the studies of 
acoustics, astronomy, chemistry, electricity, heat, 
magnetism, mathematics and surveying, mechanics, 
optics and pneumatics, and form a collection that is 
well worthy of detailed examination. The pamphlet 
contains also a number of biographical notes on the 
principal physicists and instrument makers whose work 
is illustrated by the exhibits. 





Oxygen Cutting. By E. Seymour Semper, M.I.Mech.E., 
M.Inst.W. The Louis Cassier Company, Limited. 
Distributed by Iliffe and Sons, Limited, Dorset 
House, Stamford-street, London, §.E.1. [Price 
10s. 6d. net.] 

In this 150-page book, which has a foreword by Sir 

William Larke, K.B.E., a series of articles from Welding 

have been amplified to describe modern practices in 

the cutting of metal by oxygen and fuel gas, and the 
effects of various factors, such as oxygen pressure and 
urity, upon the efficiency and cost of the process. 

t is written mainly from the practical standpoint, the 

author’s purpose being to help those concerned with 

cutting and fabricating, and to show the scope and 
range of the equipment and techniques now available 
or employed for different classes of work. The physical 
and chemical nature of the process itself is briefly 
described, though it is stressed that more research is 
needed before all aspects can be fully understood ; points 
where knowledge is lacking are indicated. The subjects 
covered include the use of guiding templates for 

cutting by machine, thermal effects of cutting on mild 

and alloy steels, special-purpose profiling machines 

(with electronic methods of control), underwater cut- 

ting, and the use of various fuel gases. Common faults 

and their possible causes are also set out, and tables 
are given relating to sizes of jet, depth of cut, oxygen 
pressure and consumption, speed of cut, ete. An 
index, together with a useful bibliography, is also 





moved to Loughborough ten years later. 
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WELDED BRIDGES IN NEW 
SOUTH WALES, AUSTRALIA.* 


By V. Karmatsxy.t 


Stnce 1935, no riveted road bridge has been 
built in the State of New South Wales, Australia ; 
all bridges built, now under construction, or being 
designed, are of welded construction. In order to 
understand clearly the current type, economy and 
method of welding, it is necessary to describe the 
evolution of these bridges since 1935 when the first 
all-welded truss bridge was built at Barraba, N.S.W. 
Nine bridges have been selected. for mention, as 
typical of various designs, They are: an all-welded 
100-ft. truss bridge over the Manilla River at Bar- 
raba; seven bridges of shop-welded field-riveted 
construction (including the 438-ft. truss bridge over 
Hawkesbury River, which is shown in Fig. 1) ; and 





a welded plate-girder bridge over Brogo River. 
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to prepare full working drawings for all bridges and 
to call for public tenders for the construction to 
these drawings. The work selected for this purpose 
was a 100-ft. truss span for the bridge over the 
Manilla River at Barraba, which is shown completed 
in Fig. 2, page 530. The details of construction 
usually adopted at that time for welded structures 
were departed from to a large extent due to three 
circumstances. Firstly, the Department had deve- 
loped the practice of designing steel bridges for con- 
struction under two contracts : (a) fabrication of the 
steelwork, and (6) construction of the bridge, includ- 
ing erection of steelwork. Fabricating shops and 
general contractor are thus called upon to carry out 
only those works for which their organisations are 
equipped, with resulting wider tendering and keener 
prices. To ensure satisfactory shop work and to 
obviate difficulties in the field, specifications call for 
full shop erection of all steelwork. In riveted work, 
correct alignment and matching of holes greatly 
facilitates the work of the erection contractor ; in the 








A close study of the designs, tenders, and the work 
during construction revealed that the main savings 
due to welding arose from the use of “ gross ” 


TABLE I.—COMPARATIVE Costs OF RIVETED AND 
WELDED STEELWORK. 


ll relded 
J - we 
Riveted | welded field- 
Truss. riveted 
} | Truss. 
| 
Steel in trusses, short tons 22-8 16-8 17-9 
"9 whole span, _,, 48-0 38-3 40-0 
Unit rate, in situ, for trusses, 
dols. a's 4 os 102 122 113 
Unit rate, in situ, average 
for span, dols. Ne ie 100 109 103 
Total cost of steel in one | 
span, dois. re ax 4,773 4,164 4,146 
Saving in weight by welding, 
percent. .. a : ~ 20 16 
Saving in cost by welding, 
percent. .. o4 ne 13 13 








Fig. 1. 


The first two bridges are discussed from the stand- 
point of the economy of the three methods of 
construction—riveted, all-welded, and shop-welded 
field-riveted construction—as competitive tenders 
were called for these three types of construction 
on each of the two bridges. The 438-ft. truss span 
of the Hawkesbury River bridge has been selected 
for a description of the method of welding, type of 
truss, ete. This bridge was built during the war, 
and opened for traffic in 1945, but calculations, 
observations and amendments continue to be made. 

Although the Department of Main Roads, N.S.W.., 
had introduced welding into small works, it had 


not attempted the application of welding to bridges | page 


prior to 1935. Even at that date, many engineers 
considered that, although great savings in weight 
were possible by welding, the unit rates for com- 
pleted work, owing to the limited welding equip- 
ment available, would be so much higher than 
for riveted work that there would be no actual 
economy. It was decided, therefore, to put the 
matter to the test by preparing alternative designs 
for welded and riveted trusses, and by calling for 
tenders on both. It is the Department’s practice 


- One ot ten Australian prize-winning papers in the 
recent James F. Lincoln Arc-Welding Foundation 
“* Design -for-Progress ’’ programme. Abridged. 





+ Engineer-in-charge of a branch for the design of 
major steel and movable bridges of the Department of 





Main Roads, New South Wales. 





welded tress, therefore, it was decided to make use of 
a number of fitted bolts in the connections to ensure 
correct alignment and fitting of parts in the field. 
Secondly, the usual method of welding intersection 
joints was found impracticable as the members were 
fully stressed, and the use of such joints caused local 
stresses in the “through” members between the 
points of intersection of the gravity axes and the 
points of actual junction with the inclined subsidiary 
members, even when gravity axes were concurrent. 
It was found necessary to use gussets for most of the 
joints to avoid these stresses. The joint at the top 
left-hand side of the portal is shown in Fig. 3, on 
530. Thirdly, butt welding of splices was 
discarded for built-up sections owing to the large and 
uncertain cooling stresses that would be develo 

as a result of one leg of web being welded before 
another at right-angles to the first ; and on account 
of the smaller working stresses specified for butt 
welds, as compared with the parent metal, it was 
decided (except in the case of the verticals, where 
the ratio 1:r governed the design) to use fillet, 
instead of butt, welds for connections. Both de- 
signs, welded and riveted, for the Barraba bridge 
were prepared by the same engineer (the author) for 
a better comparison. The result of the tendering 
was a complete surprise, even to the most optimistic 
advocates of welding. The tendered figures are 
shown in the first two columns of Table I. (Austra- 
ian pound = 3 dols.; ton = 2,000 Ib.) 
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HAWKESBURY RiveR Roap Bripee wira Two WELDED Spans. 


sections for tension members; better distribution 
of metal in compression members, giving greater 
values of r (the least radius of gyration) for the 
same area of steel (as most compression members 
were governed by the ratio /: r, this was almost as 
important as the cross-sectional area) ; elimination 
of deduction for rivet holes in cross-girder flanges ; 
and the elimination of costly lacing for upper chord 
and end posts. The main disadvantage, as com- 
pared with riveted work, was the high cost of field 
welding due to the lack of skilled workmen and 
welding plant outside the Sydney and Newcastle 
districts, and the high cost and time of transport 
to and from the site owing to the distance. These 
costs were increased by the comparatively small 
amount of welding on the job, which resulted in 
much idle time for the plant and welder, while 
supervision during field welding was also costly 
for similar reasons. None of these disadvantages 
applied to the shop welding. The design of the 
welded truss was therefore investigated to see if 
field welding could be eliminated and the advantages 
of welding retained. This was found possible by the 
use of riveted connections at all field joints, the rivet 
hole deductions for tension members being balanced 
by additional reinforcing plates welded on to the 
ends only of tension members. A design of this 
type was first prepared for another 100-ft. truss 
over the Gwydir River, Boolooroo. Tenders for 
this work showed a small saving in the total cost of 
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steel, as compared with the previous all-welded 
truss at Barraba. The figures are given in the 
right-hand column of Table I. Subsequent designs for 
truss bridges were therefore based on shop-welded 
field-riveted connections, and with the growth of 
welding facilities and equipment in the Sydney and 
Newcastle shops, the shop fabrication cost of welded 
work has been reduced (relatively to riveted work) 
so that the saving in cost of steelwork for truss 
bridges by this type of design, as. compared with 
ordinary all-riveted work under Australian condi- 
tions, is from 15 to 20 per cent. 

In 1937, the Department of Main Roads, by world- 
wide advertisement, called for tenders for the 
construction of the bridge over the Hawkesbury 
River, N.S.W. Contractors were asked to tender 
for two Departmental designs, one with two simple- 
span trusses, and the other with cantilever trusses. 
Both designs, consisting of K-system trusses, were 
to be of shop-welded field-riveted construction. 
Contractors were also free to tender for a bridge of 
their own design. An indication of the economy in 
the Department’s design of the shop-welded field- 
riveted construction can be gained from the result 
of the tenders. One firm tendered for the fabrica- 
tion of the steelwork a price which was 9 per cent. 
lower for the Department’s design than for their 
own riveted design. The tendering showed that 
the most economical design submitted was the 
Department’s two simple-span trusses of welded 
construction, and it was upon this design that the 
bridge was built. It is believed that these welded 
trusses, each 438 ft. long, are larger than any other 
welded bridge trusses yet attempted. Fig. 4, op- 
posite, shows a truss being floated into position, 
and the finished bridge is shown in Fig. 1, 
page 529. 

The site of the Hawkesbury bridge was readily 
accessible from both Sydney and Newcastle, and, 
owing to the size of the structure, the amount of 
field welding would have been large if field-welded 
joints had been adopted. Therefore the cost of 
field welding would have been reasonable and the 
original reason for adopting field-riveted trusses 
no longer applied. A preliminary investigation, 
however, revealed five other factors. (1) Butt 
welding of complete members was undesirable for 
the large built-up sections (which were of plates up 
to 2 in. thick) because the webs would have been 
welded after the flanges (or vice versa) and the cool- 
ing stresses would have been dangerously high. 
(2) It was impossible, in the length available for 
connection, to develop the larger members by fillet 
welding, even if very large fillets were used together 
with big gusset plates. Fillet welds and closely- 
spaced slot welds were required. (3) The large 
amount of field welding concentrated at the joints 
was liable to cause serious distortion difficulties. 
(4) A much more satisfictory design, free from the 
difficulties of field welding of these large joints, 
could be prepared by adopting the shop-welding 





and field-riveting method which had been developed 














with ALL-WELDED TrRUss. 


for small trusses. For the long heavy members 
required, such a design involved only a very small 
increase in weight. (5) Riveted joints were more 
convenient for erection purposes. The designs were 
therefore prepared, using welding for the great 
majority of the connections and riveting for the 
large connections where welding was less suitable. 
An exact estimate of the saving in weight by this 
construction, as compared with fully riveted work, 
is not available, but it can be stated with confidence 
that the saving is considerably in excess of 10 per 
cent. 

In welded structures, the I-section has many 
advantages as compared with other built-up sec- 
tions. It is symmetrical about both axes, and can 
be designed with the same rigidity about both 
axes, if required. It is convenient for riveted 
connections, and, having the bulk of the material 
in the flanges, it can be riveted only at the flanges, 
leaving the web plate unriveted. It does not need 
latticing or diaphragms, and as such parts are not 
included in the working section of a member, they 
are a waste of material if sections can be built with- 
out them rigid enough to take the maximum 
permissible stresses. The absence of latticing 
facilitates the maintenance and painting of a 
structure, a fact which is sometimes neglected in 
bridge design. The I-sections of the top chord of the 
Hawkesbury-bridge truss spans are rigid enough to 
take the maximum permissible compression stress 
of 15,000 Ib. per square inch, and the tension 
members of the truss are sufficiently rigid to take 
the maximum tension stress of 18,000 Ib. per 
square inch of area. The I-section is not 
suitable for horizontal members because it forms a 
trough for the collection of water, and for this reason, 
the horizontal bottom chord has been designed as 
an inverted U-section, as shown in Fig. 5, opposite. 
This U-section, however, is less economical, as 
it required six rows of welding and a few dia- 
phragms, whereas the I-section is built with only 
four rows of welding and does not require dia- 
phragms. The regulation adopted covering the 
minimum thickness of flange plates of an I-section 
in compression was that its width should not 
exceed 32 times its thickness. This was derived 
from the bridge specification for riveted members :— 
“The outstanding leg of plate shall not project more 
than 16 times the thickness of the plate past the 
last line of rivets.” For example, a flange 16 in. 
wide requires a minimum thickness of 4 in. This 
regulation was extended to the thickness of the web 
plate of the I-section in compression, i.e., the 
minimum thickness of the web plate must not be 
less than the minimum thickness of the flange 
plate. When lightly stressed members are in com- 
pression, and the section of the member is governed 
by rigidity (1: r not more than 120) and not by 
stresses, the I-section can be uneconomical, because 
a large proportion of the material of the section is in 
the area of the web, near the neutral axis. In this 
case, it is more economical] to neglect the section of 
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web in the calculation of rigidity and its area for 
calculation of the unit stress in members. 

All I-sections in the Hawkesbury truss were 
designed without diaphragms. After the design 
was completed, some engineers raised the question 
of the safety of using the I-section for compression 
members without diaphragms, the thickness of 
flange plates being only ¥ of the width of the 
plate. Models of the I-section were therefore 
tested in the Engineering Laboratory of Sydney 
University. Four model columns were built, 
consisting of flange plates 7} in. by } in., web plate 
3 in. by ¢ in., length 7 ft. 9 in., and total area of 
section 8-25 sq. in., i.e., a quarter of the actual 
size of the large top-chord section of the Hawkesbury 
truss. The rigidity of the actual truss member and 
of the model column was the same, each having 1 : r 
ratios of 55:1 and 45:1 about the two axes of 
symmetry. Two models were built with diaphragms 
and two without. The ends of the columns were 
rested on spherical bearings in the testing machine 
to give a close approximation to columns pin- 
connected at the ends. The tests were carried to 
destruction. Columns with diaphragms failed under 
the following loads: one under 275,000 lb., and the 
other under 310,000 Ib. The columns without 
diaphragms failed under loads of 295,000 Ib. and 
300,000 Ib. This test proved that columns without 
diaphragms, as designed for the Hawkesbury River 
bridge, have the same strength as columns with 
diaphragms, thus diaphragms were considered 
unnecessary. It may be mentioned that the 
average ultimate stress in the four tested columns 
was 36,000 Ib. per square inch, and their coefficient 
of safety was 2-65, using the formula for allowable 
stresses in pin-connected columns (18,000 — 80 1). 

The Hawkesbury River bridge truss spans are 
divided into 14 panels, each 31 ft. 4 in. long, with 
cross girders at each panel point, longitudinal 
stringers and a concrete-slab deck. It being possible 
to secure and transport joists 62 ft. 8 in. long, advan- 
tage was taken of the possible economy by making 
the stringers continuous over two panels. The cross 
girders are of welded construction, with web plates 
48 in. by ¥ in., flange plates 12 in. by 1§ in. for 
cross girders at the centre of double-panel stringers 
(due to greater reaction from stringers) and 9 in. 
by 1% in. for cross girders at joints in stringers. 
The stringers, of 20 in. by 7} in. by 90-lb. rolled-steel 
joists at 4 ft. centres, are of two-span continuous- 
beam construction. They are braced in pairs by 
cross angles, and located on top of the cross girders, 
with expansion joints at every second cross girder 
for the purpose of relieving the deck system of the 
tension stress in the bottom chords of the trusses. 
All truss members are welded I-sections, with the 
exception of the bottom chord, which is a welded 
inverted-U section. But for the disadvantage of 
holding water in the horizontal bottom chord, the 
I-section, as the most economical, would have been 
used for all truss members. The sway bracing 
consists of two struts connecting the%panel points 
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of top chords and the “‘ K ” points of trusses, plus 
two cross diagonals. All these members are of 
two-angle star construction. Portal bracing is 
similar. The top- and bottom-chord lateral bracing 
are two cross diagonals, the top laterals being 
two-angle star sections, and the bottom laterals 
welded I-sections. 

The main disadvantage of built-up welded mem- 
bers for truss work is the distortion suffered during 
welding. In the earlier welded small-span truss 
bridges designed by the Department, two types of 
section were mainly used. The I-section was used 
for vertical and inclined members, but for horizontal 
chord members, the inverted U-section was favoured, 
generally of two channels with a cover plate on top. 
The small overlap of the top plate required only 
two rows of continuous fillet welding along the 
members. The contraction being on one side of 
the sectitn only, it resulted in the finished member 
becoming bowed. To counteract this distortion, 
the member should be pre-bent in the opposite direc- 
tion to the bending produced while welding. To 
avoid the necessity for pre-bending of members, 
it is advisable, in the design of welded built-up 
members, to choose sections in which the welding is 
symmetrical about both axes. The built-up I- 
section, which is now mainly used in the Depart- 
ment’s bridges, satisfies these requirements and 
remains straight after welding. Although, consider- 
ing the member as a whole, the welding in the 
I-section is symmetrical, it is not s ical 
about the axes of the flange plates, and the result 
is that both flange plates “dish in” or become 
troughs with concave surfaces towards the web 
plate. To correct this ‘‘ dishing in,” each flange 
plate, at the time of welding, should be clamped 
down on the welding table with packing opposite 
the web plate to produce a dishing in the opposite 
direction. In the Hawkesbury-bridge truss, pre- 
cautions were taken against dishing for all I-sections 
except the top-chord members, as it was considered 
that the flange plates of the top chord were too 
thick to be affected by fillet welding of the web 
plates, and too thick to be pre-bent in a jig. Thus, 
all the flange plates of the top-chord members are 
“dished in” to varying degrees, the maximum 
depth being 4% in. in the thinnest flange plate 
(30 in. by 1} in.), and the minimum } in. for the 
thickest flange plate (30 in. by 2 in.). Although 
the maximum cross slope of this distortion is well 
within the 2 per cent. allowed in some countries for 
rolled angle sections, it gave some trouble in the 
erection of the truss. This, however, could have 
been avoided, since, by calculation, to pre-bend 
the largest flange plates, 14 in. bolts at 12-in. 








intervals only would have been required for clamping 
them to the welding table. In bolting up the con- 
nection of the truss members by 1} in. thick gussets, 
prior to riveting, it was found that the gussets 
followed the “‘dished”’ curvature of the 2-in. 
flanges of the top-chord members, making a difficult 
entry for the web members of the truss. For the 
future of welded structures, it would be 
desirable to see the production in Australia of 
special flange plates, such as those with a protrusion 
in the middle, as used in Germany for the manufac- 
ture of I-sections and plate girders. The web 
plates would be welded to this protrusion, thus 
eliminating the distortion of the flange plate. 
Erection was also made more difficult by contraction 
after welding, which leaves the finished depth less 
than the depth set up for welding. Care must be 
taken in setting up to make proper allowance for 
this contraction, which varies with the plate 
thickness. 

At the present time we have two welded bridges 
under construction: one over Hunter River at 
Hexham, consisting of six 120-ft. truss spans, one 
of them a lift span with a 75-ft. vertical travel ; 
and another over Iron Cove, Sydney, consisting of 
seven 168-ft. truss spans. Provision was made to 
cenvert one of the truss spans to a lift span with 
a 150-ft. vertical clearance. There are also two 
welded bridges for which designs have been prepared, 
ready for tendering: a bridge over Clyde River, at 
Bateman’s Bay, consisting of five 120-ft. truss spans 
and one 90-ft. truss lift span with a vertical travel 
of 63 ft.; and a bridge over Macleay River, at 
Kempsey, consisting of four 152-ft. truss spans. 
These four bridges were designed on the same 
principle of shop-welded field-riveted construction. 
Welded I-sections were used for all verticals, dia- 
gonals and end posts, and a welded inverted-U 
section was adopted for the top chords. For the 
bottom chords, a double-angle section (horizontal 
legs turned in) was used. The description of mem- 
bers and method of welding is the same as for the 
Hawkesbury River bridge. The faults observed 
during the construction of the Hawkesbury bridge, 
for example, “dishing” of the flange plates of 
I-sections, have been corrected in these bridges. 

At the present time, the Department is engaged 
on the design of a welded bridge which is larger 
than the bridges already described. This is a canti- 
lever bridge over the Parramatta River at Glades- 
ville, Sydney. The main spans are 210-, 720- and 
210-ft. arched cantilever trusses. The largest 
sections of chord members are two and a half times 
larger than the largest section for the 438-ft. 
Hawkesbury trusses, and the members are much 
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longer. As mentioned before, Australian steel 
plates are manufactured in very limited lengths, 
and lengths are smaller for larger sections. For 
438-ft. trusses, however, we were able to obtain 
plates long enough for each truss member, thus 
avoiding butt welding of plates. To reduce the 
size of the sections for the Gladesville bridge, in 
order to have longer plates and to reduce the dead 
load of the trusses, it has been decided to use high- 
tensile steel suitable for welding. By this means, a 
smaller number of butt welds for welded built-up 
members is required, thus reducing costs. 

A similar method of shop-welded field-riveted 
construction has been developed for plate-girder 
work, when the girders are too long for transport. 
Among the bridges on which this method has been 
used with success, the plate-girder bridge over the 
Brogo River, N.S.W., with continuous spans of 
95 ft., 115 ft., and 95 ft., may be mentioned. The 
method is particularly suitable for plate girders 
because the number of field connections is small, 
and, by suitably locating field splices away from 
points of maximum moment, reinforcing plates (to 
make up for the rivet-hole deduction) are not 
required. For simple plate-girder spans generally, 
the whole length of the girder is welded in the 
shops. An example is the eight-plate girder 
approach spans, 90 ft. long, for the Hawkesbury 
River bridge. An interesting method of butt 
welding tension and compression flanges at shop 
splices was developed to maintain the full flange 
load in spite of the lower unit stress permitted in 
the weld metal. This was done by welding on small 
triangular reinforcing plates to increase the thickness 
of the flange before butt welding. 

The specification for welding defines the qualifi- 
cations of the welders and the welding procedure. 
Each welder must be approved by the engineer to 
the Department, and is required to pass a practical 
test, set by the engineer, before commencing welding 
and at intervals not exceeding two weeks thereafter. 
Requirements regarding scale, slag, . distortion, 
setting up work, undercutting, current for different 
electrodes, limits for lengths of run from different 
electrodes, preparation of plates, etc., are included in 
the specification. 

The web plates of I-sections are first mangled, 
straightened, marked, and edge-planed to the 
required width. They are not cut to length before 
welding. A jig is made from rolled-steel joists 
welded flange to flange to form a table. On the 
top faces of the joists, two channel sections are laid 
with the “‘ toes ” facing each other to carry the web 
plate. Angle braces welded to the outer rolled-steel 
joists at approximately 2-ft. intervals form the sides 
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of the jig for locating the flange plates. The web 
plate is located on the top of the channels in its 
correct position, with packing pieces of varying 
thickness to make up for the variation in depth of 
flanges. The flange plates, with suitable marking 
showing the position of the web plate relative to 
the centre of the flange plates, are then lowered 
into the jig. The flange plates are brought up 
to the web plates by means of tapered wedges. 
Before tacking the web to the flange plates, their 
relative positions are checked by means of a gauge. 
The contacting surfaces of the web and flanges are 
then checked by the inspecting engineer to ensure 
that the surfaces are in contact. The member is 
then tacked along one side of the web plate to the 
flange plates, after which it is taken out of the jig, 
turned over, replaced in the jig, checked with the 
squaring gauge, and tacked along the other side. 
After completely tacking both sides, the member is 
removed for final welding. The problem at this 
stage is to eliminate “dishing in” of the flange 
plates while they are being welded to the web 
plate, and to keep the member straight. The 
member is transferred to the welding jig, along the 
centre of which there is tack-welded a packing 
strip of predetermined thickness and about 1 in. 
wide. The member is placed on this jig with the 
web vertical, and the centre of the web directly 
over the centre of the packing strip. Plate clips 
are then driven over the toe of the jig and the 
flange plates of the member. This gives the flange 
plates the required set. 

Two welders are employed working opposite each 
other on either side of the jig, and the runs are 
applied by the back-step method, i.e., weld one, 
miss two, working all the time from the centre 
outwards. The welding is inspected at the com- 
pletion of each run and before proceeding with the 
building up of the larger fillets. After welding, 
the member is removed and handed over to the 
marker-off for marking the cutting lengths and 
tack holes for the drilling to carry the gusset plates. 
All measuring tapes used for marking off are checked 
against a standard length set on concrete blocks 
on the floor of the shop, using a spring balance. 
The pull recorded on the balance (from 5 to 10 Ib.) 
is tabulated, and the tapes must be adjusted to the 
required tension, before proceeding with the marking 
off. 


Fabrication of the U-sections is also carefully 
controlled. After straightening and edge-machining 
to the required width, the horizontal flange plates are 
placed in a jig, with the required horizontal offset 
from centre (3 in. for the Hawkesbury River bridge 
bottom chords). The web plates are then placed 
on the top of the flange plates and tacked in position. 
The jig is of similar construction to that for an I- 
section member, but at various intervals stop plates 
are welded to the jig to give the required curvature 
to the flange to overcome distortion. After tacking, 
two welders are employed, as for an I-section 
member. The web plate and flange welded units 
are then removed from the jig and the horizontal 
plate sections are placed and tacked. The bottom- 
chord members may have diaphragm plates inside 
the chord, in which case they are tacked in position. 
The units are then removed to another jig and placed 
to form a Y before proceeding with the welding 
inside the chord. Before commencing the welding, 
the legs of the chords are set out (3 in. for the 
Hawkesbury bridge) by means of hydravlic jacks, 
to allow for the contraction stresses, and stays are 
inserted to keep the flange plates apart at the bottom 
during welding. This precaution is necessary 
because the horizontal plate is welded to vertical 
plates by a single weld only. After completing 
the welding inside the bottom chord, the stays are 
removed and the side plate should then return to 
the diaphragms, in which case the member requires 
no further straightening. In spite of standard 
practice in procedure and control, some slight 
variations can take place, but these are easily rectified 
in a large hydraulic press or by means of hydraulic 
jacks. After releasing the side plates, the diaphragms 
are completely welded. The member is then marked 
off, using templates for cutting lines such as bevels, 
camber lines and tack holes. The chord members 
are joined and assembled by means of the tack holes, 


tack holes for multiple drilling. All holes are 
drilled in the gusset plates, and the other sections 
which form the joint have only the tack holes in 
them. When the two sections of chord are united, 
they are checked off for length, camber, and straight- 
ness over the two sections. The procedure for 
welding plate girders is generally similar to that 
for the welding of I-sections. 

After one of my publications on welded structures, 
some engineers e doubts concerning my 
statement that rates of cost for welded bridge work 
for the Hawkesbury River bridge were lower than 
the rates for riveted work. I replied to these critics 
in the Journal of the Institution of Engineers, 
Australia, having gathered information on prices 
from the superintendent of a large N.S.W. engineer- 
ing firm, the most experienced in Australia in the 
manufacturing of steelwork for bridges. He 
advised that, if tenders were being prepared, he 
would submit the following prices to his head office 
for supply and shop fabrication only, of 30-ft. long 
members (excluding end-connections, painting, and 
shop erection): (1) welded 3-plate I-section, as 
used in Hawkesbury truss, 56 dols. per ton; (2) 
riveted 4-angle and 3-plate I-section of same cross- 
sectional area and overall dimension, but smaller 
radii of gyration, 85 dols. per ton ; and (3) riveted 
8-angle and 3-plate I-section (stiffened flanges) of 
same cross-sectional area, overall dimensions and 
radii of gyration as (1), 91 dols. per ton. These 
figures indicate the economy of welded bridge 
construction as compared with riveted construction. 
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Centrifugal and Other Rotodynamic Pumps. By PROFESSOR 

HERBERT ADDISON. Chapman and Hall, Limited, 

37, Essex-street, London, W.C.2. [Price 36s. net.] 
THe author of this book has made a thorough 
investigation into the subject of centrifugal pumps 
and has assembled a large amount of data which 
will be of value to all concerned with pumps in 
presenting the facts in an orderly manner. The 
introductory chapters analyse the fundamental 
principles of centrifugal pumps, and offer a sug- 
gested explanation of ideal flow within the impeller. 
The author’s similes reveal an ability to present 
what has been regarded as a difficult subject in a 
way which will be readily grasped. There are, of 
course, many approaches to the problem of explain- 
ing what happens within a centrifugal pump; 
Professor Addison has gone to considerable trouble 
to put forward his ideas in a logical and helpful 
manner. Examples are given of various types of 
pumps, with illustrations of blade forms, etc. 

The author then studies specific speed and sug- 
gests a dimensionless ‘‘ shape number” to replace 
the present specific speed. While this dimension- 
less approach is justified on theoretical grounds, it 
is, nevertheless, a difficult approach from the prac- 
tical point of view, as pump makers and users have 
thought of pumps in terms of practical specific 
speed for some considerable time. It will be found 
of value, in using the book, to insert in the author’s 
chart the practical specific speeds. An investiga- 
tion of the problems of design follows, with examples 
of the different arrangements employed in the 
practical manufacture of centrifugal pumps. Some 
of these examples, however, show types of pumps 
which are now regarded as obsolete. 

Professor Addison states that positive pre-whirl 
at the entry to the impeller will not impair pump 
efficiency ; but there is good reason to believe that, 
however the impeller is designed, positive whirl 
at the entrance results in a severe loss in efficiency. 
We are not aware that any maker has used positive 
pre-whirl for other than an experimental machine 
or two, but it is a fact that one has used nega- 
tive pre-whirl with advantage. A chart of im- 
peller shape dimensions is given, plotted against 
the specific speed, but it is not stated how this 
information is determined or how it is related to 
the ideal flow conditions within the pump. Multi- 
stage pumps are discussed, though here again some 
of the examples are of relatively old designs. 

There are several] chapters on special duties such 
as mine drainage, borehole and submersible pumps, 





and all gussets and packers located by means of 





the pumping of hot liquids, boiler feeding, con- 





densate-extraction pumps, unchokeable pumps, 
etc. These are discussed with great care and in 
considerable detail. The section on performance 
deals with operations and the testing of pumps, the 
latter part being of particular value, as would be 
expected from an authority on hydraulic measure- 
ments ; and there is a useful section on installation 
and auxiliaries. The book concludes with several 
illustrative examples of pump calculations, which, 
however, appear to be theoretical rather than 
practical. To sum up, Professor Addison’s work 
should be of value to all who are concerned with the 
manufacture and operation of centrifugal pumps, 
but its special value to designers is somewhat 
impaired by the fact that little information is given 
regarding the more recent practice and discoveries 
in respect of centrifugal pumps ; for example, the 
variation of cavitation co-efficient with size and 
speed, and the occurrence of radial thrusts in 
single-stage pumps. 

Five-Figure Tables of Mathematical Functions. By J. B. 
Dae, M.A. Edward Arnold and Company, 41 and 43 
Maddox-street, London, W.1. [Price 6s. net.] 

Tuts is the second edition of a set of mathematical 
tables first published in 1903 and so extensively used 
that the first edition was reprinted 14times. Though 
four-figure accuracy is usually ample for practical 
work in pure and applied science, the accumulation 
of last-figure errors arising from the use of four- 
figure tables in extended computations may some- 
times render the last two figures in the final result 
unreliable. This can be very largely obviated by 
extending the tabulation of the functions concerned 
to five figures, as is done here. 

These tables include common and natural logar- 
ithms, powers and reciprocals of numbers, natural 
and logarithmic trigonometrical functions, expo- 
nential functions, and hyperbolic sines and cosines. 
Certain higher functions are frequently required in 
practice and among those tabulated are the elliptic, 
Bessel and gamma functions, zonal surface har- 
monics, the probability integral, the exponential, 
cosine and sine integrals. Miscellaneous data 
include a comprehensive list of numbers used in 
calculations together with their logarithms, binomial 
coefficients for interpolation by differences and a 
table of proportional parts. 

For this edition, the type has been reset and 
rearranged to improve the legibility. Whereas 
some of the tables in the first edition had to be read 
across the page, all now read down the page. The 
position of certain of the tables has been altered 
so as to present them in a more logical and con- 
venient order. Two new tables have been added. 
The first is a table of logarithms of numbers from 
1000 to 2999 and the second gives the logarithms of 
the hyperbolic functions. Though it is obvious 
enough by inspection to decide when differences 
need to be subtracted, students quite often omit the 
inspection. For their benefit it is desirable to print 
such differences in different type—say, in italics— 
or at least to state at the head of the page that the 
differences are to be subtracted. It might also be 
an advantage to use the more compact modern lg 
and Jn notation in place of the older log,, and log,. 

These handy tables have been so widely used 
that they must be substantially free from error 
and this new and improved edition is likely to be 
even more generally useful than its predecessor. 
The most notable omissions are trigonometrical 
functions with the argument in radians, and inverse 
trigonometrical and hyperbolic functions. 





READERSHIP IN TELECOMMUNICATIONS, IMPERIAL COL- 
LEGE.—To develop facilities for post-graduate teaching 
and research in the field of telecommunications, Messrs. 
Standard Telephones and Cables, Limited, Connaught 
‘House, Aldwych, London, W.C.2, have endowed a 
Readership, to be known as the Henry Mark Pease 
Readership in Telecommunications in the City and Guilds 
College of the Imperial College of Science and Technology, 
South Kensington, London, S.W.7. H. M. Pease, one of 
the pioneers of the telephone industry in this country, 
who died in March, 1947, was managing director of 
Messrs. Standard Telephones until 1928. He was one of 
the original directors of the British Broadcasting Cor- 
poration. Mr. E. C. Cherry, M.Sc., A.M.I.E.E., who is 
known particularly for his work on. electric-circuit 





analysis, has been appointed to the Readership. 
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Now, suppose that the unit be changed to U’, where | turned on its side, will be used to indicate dimen- 
A REVIEW OF DIMENSIONAL U’ =kU sional equality. Thus velocity Q LT-*; momentum 


ANALYSIS. 
By Proressor W. J. Duncan, D.Sc., F.R.S. 


Dimensions analysis is well known to engineers 
and physicists, but the full range of its usefulness 
is not always appreciated ; neither are its limitations 
always fully recognised. Hence it appears profitable 
to review the subject once again. No attempt will 
be made to provide a complete treatise on the 
subject and some fundamentals will be discussed 
only briefly. Most of the detailed examples will be 
concerned with fluid motion. 

Dimensional formule, or measure formule, as 
the writer prefers to call them, and the dimensional 
analysis founded on them, have the following appli- 
cations and advantages. In the first place, they 
show how the measure of a given physical quantity 
varies when the sizes of the fundamental units are 
altered (this is the basic use) and they permit the 
equations arising in physical problems to be checked 
by the principle of dimensional homogeneity. By 
means of dimensional analysis, it can be deduced 
that the solution of a physical problem can be 
written as a functional relation between a number m 
of non-dimensional ters. In the simplest 
cases, m is unity ; then the parameter is equal to a 
constant and the form of the solution is determined. 
In mechanical problems, m is usually 3 less than 
the number of quantities concerned in the problem. 
Dimensional analysis also permits the deduction 
of the properties of all physically similar systems 
from experiments conducted upon a small number 
(sometimes just one) of similar systems. Thus 
dimensional analysis shows how to arrange experi- 
ments so that the greatest amount of useful informa- 
tion is obtained with the greatest economy of effort ; 
it establishes the “laws of comparison ” connecting 
model and prototype. Finally, when the results vot 
experiments are expressed as relations between 
non-dimensional parameters, they are of immediate 
utility in all countries and for all self-consistent 
sets of units, for the measure of any non-dimensional 
quantity is independent of the choice of units. 

The conclusions to be drawn from dimensional 
analysis are entirely contingent on the user's 
initial judgment as to the variables which are rele- 
vant to the problem ; for example, if it be assumed 
that the periodic time T of a simple pendulum 
depends only on its length / and on the acceleration 
of gravity g, dimensional analysis provides the result 


that * 
Ji 
T - “, 
g 


where & is a universal numerical constant. But if 
the assumptions are widened to allow (in accordance 
with the facts) that the periodic time depends also 
on the angular amplitude « of the motion, dimen- 
sional analysis yields 


T= “f (a), 

where the form of the function f cannot be found by 

dimensional analysis. Note, however, that if it 

were assumed that T depended only on 1, g and the 

mass of the bob, dimensional analysis would have 

indicated that T was independent of the mass.* 
The only things which appear in mathematical 


equations are symbols for numbers, particular or | lengt 


general, and the symbols of operation and equality. 
Obviously, a physical quantity itself can never 
appear in a mathematical equation ; what can and 
does appear is a symbol representing the number 
which is the measure of the physical quantity in 
terms of a unit of like physical nature. 

Suppose that the symbol Q represents some defi- 
nite physical quantity. Let U be a unit in terms 
of which Q can be measured. Then U is necessarily 
a physical quantity of the same physical nature as Q. 
Let q be the measure of Q with unit U. Then q is 
the number of units U which must be taken in order 
to obtain Q. This may be written 

Qa, 


where the symbol = indicates physical identity. 





* The writer would greatly welcome information on 
the history of dimensional analysis, particularly for the 
Nineteenth Century and earlier. 


and let the measure of Q now be q’. 
Then 


QSerC¢v==Vkv. 


But 

Q=aU 
Hence 

q=ack 
or 

“ae 

qd wise 


Notice that the ordinary mathematical sign of 
equality is used between the numbers in the last 
two equations. Thus the measure of a given 
physical quantity is inversely as the size of the unit 
of measurement. This is obvious, but very impor- 
tant. 

In mechanics, there are just three fundamental 
units, which may be taken as the units of length, 
mass and time. The units of all other kinds can be 
derived from or made to depend on these, on 
account of the geometrical and sical relations 
between the various quantities. For example, from 
the unit of length is derived the unit of area, as that 
of a square of which the side is the unit of length. 
The relation in this case is purely geometrical and 
only one fundamental unit is concerned, that of 
length. 

A rectangle with sides measuring a and b can be 
divided into ab unit squares. Hence the measure 
of the area is given by 

A=ab. 
This shows the advantage of consistent units. If the 
unit of area had been arbitrary, it would have been 
necessary to write 

A=kab, 
where k is some numerical coefficient. 

Now consider the consistent unit of speed. It is 
such that a point moving at this speed describes 
unit length in unit time. Suppose next that a 
uniformly moving point moves / units of length in 


t units of time. Then it moves : units of length in 


the unit of time and the measure of the speed is 
I 


V «--, 
t 


Again there is no constant multiplier. 

The consistent unit of momentum is such that it 
is possessed by unit mass when moving with unit 
velocity. A mass of measure m moves / units of 
length in ¢ units of time; then the measure of its 


The consistent unit of force 


communicates unit momentum in unit time, and so 
on for other derived units. 

Suppose that a new unit of length is taken, equal 
to L of the original units of length. The new con- 
sistent unit of area is a square of which the side 
contains L of the original units of length and the 
square therefore contains J? of the original units of 
area. The new consistent unit of area is therefore 
L* times as large as the original unit of area. This 
is usually stated in the form : “ The physical dimen- 
sion of area is L*,” but this is merely a concise 
statement of the way in which the size of the con- 
sistent unit of area varies with the size of the unit of 
hb. 

Next, if a new unit of length be taken, equal to L 
of the original units of length, and a new unit of time 
equal to T of the original units of time, it is evident 
_ the new consistent unit of speed will contain 
= = of the original units of speed. Hence : or LT 


eves the physical dimensions or measure Sean of 


. mi 
momentum is he 


Definitions. —The physical dimension or measure 
formula of a physical quantity is the expression 
showing the manner in which the size of the con- 
sistent unit for that quantity depends on the sizes 
of the fundamental units. A non-dimensional quan- 
tity is such that its consistent unit is independent 
of the choice of the fundamental units. Its measure 
formula is therefore M°L°T®. Familiar examples 
are an angle (in radians); the coefficient of friction 
p; the coefficient of restitution e; and strain. 








In this article, the symbol , that is, the letter D 


@ MLT-"; force & MLT-, etc. 


TABLE I.— Measure Formule or Physical Dimensions of 
Mechanical Quantities. 




















— Measure 
Quantity. | form ule. | Quantity. cat. 
| 
: 
Length) Funda-| L {Mass per unit area | ML~* 
Mass mental| M | Viscosity ML~T-1 
Time units. | T {Kinematic visco- 
| | sity ...| 12T- 
|Diffusivity .| Lt 
Speed or velocity | LT-1 Stress. Pressure...) ML~*T-* 
Strain... ol Meee 
Acceleration -| LT |Coefficient of elas- 
Momentum || mut | ticity. Elastic 
modulus ..| ML~T- 
Force... .... MLT |r inear stiffness ...| MT~* 
Energy. Work...| ML®T-* |Angular stiffness MLT~ 
Mass moment ML 
Power ML‘T~* |Moment of iner- 
Moment of force | ML?T-?| tia, product of 
inertia .| MLZ 
Angular momen- First moment of 
tum ---| ML?T—| area i 
Angle... .--| M°L°T? Second moment of 
| area... --.| Lf 
gular velocity | T- |Flexural rigidity 
< “rel | EI of a beam | ML*T~* 
tion ... ..| rs Vorticity ooo] THO 
Circulation --.| L2r-t 
ime | i Coefficient of trie- 
Volume ... ok BP tion -| M°L°r° 
Coefficient ‘ot re- 
Density ... .| ML“ | stitution ...| M°L°T® 











It should be noted that quantities are not neces- 
sarily of the same physical nature because they 
have the same dimensions ; examples (see Table I) 
are energy, moment of force ; stress, elastic modulus ; 
kinematic viscosity, and rate of description of area ; 
all non-dimensional quantities. 

One use of measure formul is to find the new 
measure of a given quantity when the fundamental 
units are altered. Since the measure is inversely 
as the size of the appropriate derived unit, the 
rule is :— 

New measure = Old measure divided by measure 
formula, with the numerical values of L, M, T substituted, 
where these express the new fundamental units in terms 
of the old. 

Any equation deduced from the principles of 
mechanics is dimensionally homogeneous, i.e., all 
terms have the same physical dimensions. On 
account of the manner in which consistent derived 
units are defined, any equation deduced from dyna- 
mical principles is true whatever may be the sizes 
of the fundamental units adopted.* For instance, 
when the motion of a simple pendulum is investi- 
gated, we obtain the dynamical equation 


iS +gsin @=0, 
and do not need tostate what units of mass, length 
and time are adopted. Since this is so, it follows 
that all the terms have the same measure formula 
M°LSTY. Ifa, 8, y were not the same for all the 
terms, M LT could be chosen to make the product 
vary from term to term. 
If R = 0 and S = 0, where R and § have differ- 
ent dimensions, it would, of course, be correct 
(though senseless) to write R+S=0. If LMT 
were varied, we should find R and § in general with 
different multipliers and should conclude correctly 
that R= 0 and S=0, separately. It should be 
noted also that a “constant” or coefficient being 
universal does not necessarily imply that it is 
non-dimensional, For example, the “constant of 
gravitation ” y, in the expression of the Newtonian 
law of attraction, 

Ym, Ms 
r- 


is universal, for it has the same value (so long as 
the units of measurement are not changed) for all 
pairs of masses m,, mg, and all distances r ; but it is 





* Apparently, Fourier was the first to make this 





remark in his Théorie analytique de la Chaleur. 
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not non-dimensional, for its measure in general 


does alter when the units are changed. In fact, 
yQuoL't 


This may be contrasted with the coefficient of solid 
friction », which is far from being a universal 
constant but which is non-dimensional, for it is the 


ratio of two forces. 


In dealing with the dimensions of differential 


coefficients, we have by definition 
dy _ Limit Avy 

de Az>0Ar™2 
Hence © has the same dimensions as ”. 


d 
di — 
dy (Z) 
c¥ .. \— by definition 
of + 2 by the result just obtained 


v 
a 
Proceeding in this way, we find 
ay v 
an Ow 
Aliter. By Maclaurin’s theorem, 
dy a (dy\ - 
Vv=W% + =(#) + (as), OP Ginusiaeins 
a® (ay 
at (=). + eto. 


d"y 
ine 


+ 
Hence 


d"y y 
an O x ® before. 


An equation, connected with a physical pheno- 
menon, which holds good independently of the sizes 
of the fundamental units is called ‘‘ complete” 
by Buckingham* and it must be dimensionally 
homogeneous. However, “incomplete ” equations 
may be valid within a limited field of application 
and are, in fact, often used in practice. Equations 
and coefficients relating to screw propellers provide 
good illustrations of this. Marine screw propellers 
work in a medium in which the variations of density 
are small and are usually neglected in calculations. 
Hence this density is not explicitly introduced into 
the equations but is absorbed in the “ constants.” 
The equations are therefore incomplete and are not 
independent of the choice of the fundamental units ; 
none the less, they are valid within their proper 
field of application. On the other hand, airscrews 
have to work in air at widely differing densities 
and the density factor cannot be ignored. Conse- 
quently, truly non-dimensional airscrew coefficients 
are used in practice. 

Every physical equation can be written as a 
relation between non-dimensional quantities. Since 
it is homogeneous, only non-dimensional terms are 
obtained on dividing the whole equation by one of 
its terms. There are, of course, many other ways of 
reduction to a non-dimensional form. 

The argument of any transcendental function 
appearing in the solution or treatment of a physical 
problem must be non-dimensional. Suppese that 
the transcendental function is f(A), awe is the 
argument. It will be possible to expand f(A) as a 
power series with numerical coefficients. Now f(A) 
must be dimensionally homogeneous and this will 
only be possible when A is non-dimensional. For 


instance, a=14A4e4 etc.; A must have 

the same dimensions as the number 1, i.e., it must be 
3 

non-dimensional. Similarly, sin A= A — > + ete.; 


hence \ and )* have the same dimensions and there- 
fore both are non-dimensional, To take a physical 
example: a solution of the dynamical equation for 
the small motions of a simple pendulum can be 


written 
6 = asin (i /?). 
0 LT 
\/tar =T eUnT, 


* E. Buckingham, Phys. Rev., vol. 4, page 345 (1914). 





thus checking that the argument of the sine function 
is non-dimensional. It should be verified that the 
arguments of all transcendental functions are 
non-dimensional and that equations are dimension- 
ally homogeneous. 

(To be continued.) 





50-WATT RADIO TRANSMITTER 
FOR AIRCRAFT COMMUNICATION. 


A 50-warr radio transmitter for ground to air 
communication and for operating on ranges of 115 to 135 
megacycles or 70 to 150 megacycles per secon, has 
been produced recently by Standard Telephones and 
Cables, Limited, Connaught House, Aldwych, London, 
W.C.2. After investigating the requirements of users 
of equipment of this kind, it was found that one of the 
demands was the ability to s through the same 
microphone on two different edhe to listening 
aircraft. ents have therefore been made 
whereby the operator can select either one or both 
of two frequencies for transmission. To make this 
possible the radio-frequency equipment has been dupli- 
cated and the power-supply equipment and modulator 
are designed so that they can drive both radio-frequency 
units simultaneously. A voice-operated gain-adjust- 
ment device is also incorporated in the speech amplifier 
to ensure that the depth of modulation is substantially 
=" irrespective of wide variations in the input 
leve 

The transmitter is housed in a single cabinet, which 
measures 3 ft. 8 in. by 2 ft. by 1 ft. 9 in. and weighs 
350 Ib. It incorporates a meter panel, which gives 
indications of the operating conditions and enables 
readings to be taken without access to any of the units 
being necessary. To alter the frequency it is onl 
necessary to change a crystal and adjust one control. 
All the power-supply equipment is mounted in the 
lowest unit, which can be pulled forward on rollers. 
The modulator and the two radio-frequency units are 
mounted in the uppermost unit, which, in addition to 
being pulled forward, can be swung into the vertical 
= thus facilitating access to the components 
-below the chassis deck. Special panel catches are 
incorporated, which can be released by pressure on 
buttons protruding through the front panel. When 
any of the units are pulled out, all dangerous voltages 
are switched off. The appropriate gate switches can, 
however, be closed by hand to enable the units to be 
tested in the withdrawn condition, although they are 
automatically re-set when the unit is pushed in. 

The transmitter has been designed to operate under a 
wide range of climatic conditions, all the transformers 
being hermetically sealed and all the components being 
conservatively rated. The modulator and radio- 
frequency units are cooled by an air blast, the air being 
drawn in by a self-contained centrifugal fan through a 
filter and expelled through a second filter. The 
provision of the second filter is intended to prevent the 
ingress of dust and sand when the fan is not operating. 
Arrangements are made for the remote control of the 
apparatus, the transmitter being operated over one 

ir of lines, while control of three or six additional 
acilities can be effected ively over two or three 
pairs of lines. In the simplest case, the operator can 
transmit either speech or modulated continuous waves 
from the remote position, the high-tension circuit 
being closed and the service being selected automati- 
cally by a key or pressel switch on the microphone 
head set. Additional facilities include a choice of 
transmission on either or both frequencies and control 
of the high- or low-tension supplies. 





TRANSFER OF ASTRONOMICAL INSTRUMENTS TO HERST- 
MONCEUX.—The movement of astronomical instruments 
from the Royal Observatory, Greenwich, to the new 
headquarters at Herstmonceux has started satisfactorily. 
The first telescope to be moved is the 6} in. refractor 
which was presented by Mr. A. M. Newbegin in 1947. 
It is surmounted by a dome, also presented by Mr. 
Newbegin. The building for it was designed by the 
Observatory staff and erected under the direction of the 
Civil Engineer-in-Chief to the Admiralty. The mounting 
for this telescope also serves as the mounting for the 4-in. 
photoheliograph, the original mounting for which has 
been worn out by long service. The programme for 
the photoheliograph is to take two photographs of the 
sun on every day on which the weather allows this to be 
done. In order not to interfere with this programme, 
two photographs were taken at Greenwich on the morning 
of the move and two at Herstmonceux in the afternoon, 
after the instrument had been remounted and balanced. 
Thus the series of photographs suffered no break as a 
result of the move. Plans are progressing for the Isaac 
Newton telescope, the largest outside the United States. 
The 98-in. Pyrex-glass disc will be used for the main 
mirror. As recorded on page 490, ante, the disc was 
presented by the McGregor Fund of the University of 


REPAIRS TO RAILWAY VIADUCT. 


STRENGTHENING and repair works on the. Braidhurst 
viaduct, which is situated about one mile north of 
Motherwell enger station and carries the Carlisle- 
Perth main i over the valley of the White Calder, 
have been in hand since January, and are expected to 
be completed in the near future. No major ir 
work has been carried out since the line was first 
opened for traffic in 1857. The viaduct is built entirely 
of sandstone, and comprises nine semi-circular arches, 
each with a clear span of 60 ft. The overall length is 
644 ft., and the maximum height of the rail above 
water level is 100 ft. The viaduct is built on a curve 
of 4,600 ft. radius. 

Between the outer spandrel walls, which carry the 
parapet walls, there are four longitudinal inner walls 
extending from crown to crown of the masonry arches. 
The five voids between the walls and above the piers 
and arches are covered with sandstone slabs 10 in. 
thick to the permanent way. Some movement 
was observed in the spandrel walls before the war ; 
the parapet walls were out of alignment and some of 
the stone slabs had broken, thus allowing ballast to 
fall into the voids and choke the drainage system. 
A repair scheme was prepared, but the execution of 
the work was postponed owing to the war. As a 
temporary measure the tracks were strengthened, and 
the structure did not deteriorate much more. The 
works now in hand include the removal of the parapet 
walls and on both sides of the viaduct, filling 
of the outer voids adjacent to the spandrel walls with 
concrete, the cleaning and re-pointing of the series of 
three inner voids, and the provision of a i 
system for these voids. A reinforced-concrete “ mat,” 
approximately 15 in. thiek, is being laid over the 
whole width of the viaduct and over the outer spandrel 
walls ; it ties the several walls together and supports 
the permanent way. Over the outer spandrel walls 
the height of the concrete is increased to 12 in. above 
rail level, and blue bricks are keyed to the outer face of 
the concrete. Thus, a walk-way over the whole ] 
of the viaduct on each side is formed, and is provided 
with a tubular handrail 2 ft. 6 in. high. 

Both lines are closed to traffic each week-end from 
12.1 a.m. on Sunday to 3.0 a.m. on Monday, and one 
line is closed for the rest of the week. Work on one 
longitudinal half of the viaduct, carrying the down 
line, was undertaken first. After removing the track 
and ballast, the sandstone slabs over the outer voids 
were also removed, and any broken slabs over the 
inner voids were replaced by short lengths of rail. 
The outer voids were then completely filled with 
concrete, keyed to the spandrel wall by Lewis bolts, 
and carried up to form the walk-way. Concrete 
haunching was placed over the arches between the 
inner walls, the reinforced-concrete mat was laid, and 
the drainage system reconstructed. Work on the down- 
line side of the viaduct was completed on April 10, 
and the work now in progress on the up-line side is 
expected to be completed on June 19. Normal double- 
line working will restored on Monday, June 27. 
The work is being carried out by the staff of the 
District Engineer, Glasgow South, Scottish Region, 
and the principal materials of construction are 1,700 
cub. yards of concrete, 5 tons or 6 tons of reinforcing 
steel rod, 1,000 sq. yards of steel fabric reinforcement, 
120 tons of old permanent-way rails, and 60,000 or 
70,000 bricks. 





COURSES ON TIMBER.—Dr. H. E. Desch, Wildshaw, 
Limpsfield, Surrey, has announced that he is again holding 
his one-week courses on timber at the Hostel of Lincoln 
College, Southfield House, Oxford, from July 11 to 16, 
and 25 ts 30. Those attending the courses will assemble 
on July 10 and 24, respectively, at 6.30 p.m. The fees, 
which include tuition, board, and accommodation for the 
duration of the course are 127. 12s. Further particulars 
and entrance forms are now obtainable from Dr. Desch. 
An advanced course will be provided early in August if 
sufficient students are forthcoming. 





THE LaTE Mr. R. J. M. WHIBLEY.—We note with 
regret the sudden death of Mr. Reginald James McLaren 
Whibley, which occurred at his home in Hale Barns, 
Cheshire, on May 30. Mr. Whibley, who was in his 64th 
year, was sales manager of the Churchill Machine Tool 
Company, Limited, Broadheath, near Manchester. 
Before joining the Churchill Company in 1926 he was on 
the editorial staff of our contemporary Machinery. Mr. 
Whibley was well known in the machine-tool industry 
and had served on many committees connected with that 
industry during the past 25 years. He was elected an 
associate member of the Institution of Mechanical 
Engineers in 1942 and was also a member of the Man- 
chester Association of Engineers. In 1947, he was 
awarded the Constantine Gold Medal of the latter body 
for his paper, “The Production of Flat Surfaces.” Mr. 
Whibley was a member of the Incorporated Sales Mana- 
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WATER SUPPLY IN WESTERN 
AUSTRALIA. 


Deraits of a comprehensive scheme for supplying 
water to some of the mixed farming districts in Western 
Australia are given in a Paper by Mr. I. Davies, which 
appears in the Journal of the Institution of Engineers, 
Australia, for February, 1949. 

The area affected comprises part of the Great Plateau 
of Western Australia, the surface of which is mainly 
gently undulating and lies at an average of some 
1,000 ft. above sea level. The western portion of this 
plateau is known as the Darling Ranges and is exten- 
sively dissected, while it terminates in the Darling Scarp 
against which the coastal plain, 20 to 50 miles in width, 
abuts. The climate is of the Mediterranean type with 
cool wet winters and warm dry summers, the av 
annual rainfall being about 50 in. From 1831 to 1 
development in the area was confined to such towns as 
Northam, Narrogin and Katanning, wheat growing 
being the principal industry. Between 1890 and 1900, 
however, the population increased from 46,000 to 
170,000, owing to the discovery of gold at Coolgardie 
and Kalgoodie and the Goldfields water supply scheme 
was inaugurated to replace condensers and wells. 
After the decline of pt cg mining industry a transi- 
tion was again gradually made to agriculture, with 
Government assistance, and the pipe system was 
gradually increased to 768 miles, which represented the 
hydraulic limits of supply. The great drought of 1914, 
however, brought about a general collapse of the wheat 
farming industry and mixed farming was then inaugu- 
rated by the introduction of sheep. As a result, the 
problem of water supply both on the farms and in the 
towns became serious, so that at the end of the winter 
of 1941 the content of the main reservoir at Mundaring, 
which has a capacity of 4,650 million gallons, had fallen 
to 1,058 million gallons. To maintain the a ly 
100 million gallons were pumped into the Goldfields 
main conduit from the Canning Dam reservoir (the 
principal storage reservoir of the Perth metropolitan 
area) and restrictions on consumption were im 
during the summers of 1941-42, 1944-45 and 1945-46. 
During the present summer a ration of only 10 gallons 
per head is being allowed in the towns. 

The scheme proposed to overcome these disabilities 
provides for the storage of water on the western slopes 
of the Darling Ranges and pumping it thence into the 
farming area, which covers 9,092,000 acres. The north- 
ern portion of this area is to be supplied from the 
existing reservoir at Mundaring, the storage capacity of 
which is to be increased from 4,650 to 15,100 million 
gallons by raising the impounding wall by 32 ft. The 
existing pumping station at the reservoir will be re- 
equipped with electrically-driven pumps. These pumps 
will be capable of delivering 13-9 million gallons of 
water per day against a head of 770 ft. to a pumping 
station at Cunderlin, which will also be electrified. An 
auxiliary pumping station will be built at Cunderlin 
to deliver water through rising mains to reservoirs 
situated on the heights, from which distribution will 
be made to the farms by gravity. A second auxiliary 
pumping station, equipped with Diesel engine-driven 
pumps, will be constructed at Minnivale on the northern 
rising main, while seven other small stations will be 
necessary to deal with local high areas. Finally, a 
Diesel engine-driven booster pump will be installed at 
Killberrin between Cunderlin and the existing No. 4 
pumping station. All the pumps and mains have been 
designed to deal with the maximum day’s supply ; and 
the service tanks, which will be of reinforced concrete, 
circular and roofed, will provide five days’ maximum 
8 . 
The southern portion of the area will be served from 
the Wellington reservoir.on the Collie river, the capacity 
of which will be increased from 7,500 million to 38,000 
million gallons by raising the impounding wall about 
50 ft. From this reservoir water will be pumped 
through a 30-in. pipe line to the existing Narrogin 
reservoir, two stations each with a capacity of 60 million 
gallons per day against a 500-ft. head being built for 
this purpose. At Narrogin a third pumping station 
will Saver water to reservoirs to the east and north 
from which it will be distributed by gravity. Water 
will also be distributed by gravity to the south, where 
a pumping station at Katanning will raise it to service 
tanks on the hills. From these tanks distribution will 
be by gravity to the farms. Three further pumping 
stations will be required for supplies to small local high 
areas. All these pumping stations will be electrically 
driven. It is proposed to provide a water supply 
service at the boundary of every holding and to meter 
it on an acreage basis. 

A supply of electricity for the purposes of this scheme 
will be obtained from two new power stations, which are 
being built by the Government at Collie and in the 
m litan area, through a network of transmission 
lines. This network will also make electricity available 
in the areas where there is the greatest need for closer 
settlement and will reduce both the capital and operat- 
ing costs of the water supply project. 








FARM ELECTRIFICATION IN 
NORTH AMERICA. 


A LEcruRE on “Some Aspects of Agricultural and 
Horticultural Electrification in North America” was 
delivered before the Utilisation Section of the Institu- 
tion of Electrical Engineers, on Thursday, May 5, by 
Mr. F. E. Rowland. Summarising the information he 
had gathered during a visit in 1948 to the United States 
Department of Agriculture, and to other authorities 
with farming interests in Canada and the United States, 
he said it was difficult to make fair comparisons between 
farm electrification in North America and in Great 
Britain, since basic conditions and practices were so 
different. On the financial side, for example, the United 
States Department of Agriculture operated a Rural 
Electrification Administration, which made loans at 
2 per cent. to independent business enterprises known as 
“co-operatives.” These were controlled by consumer 
members desiring electrical services in areas, and 
the loans, nee over periods ede 35 years, were, 
in effect, a form of Government subsidy which should 
be considered when comparisons were made. In the 
author’s view, however, there was little to suggest that 
developments were more advanced in North America ; 
on the contrary, there were many aspects in which we 
seemed farther ahead in Great Britain. The capital 
available for dairy-farm equipment was generally 
restricted because the market was competitive and not 
guaranteed, and farm standards of hygiene for milk 
production for the wholesale market were usually lower 
than those in this country. In California and Washing- 
ton, D.C., where dairy farmers were prosperous, and 
where standards for hygiene were enforced, the condi- 
tions were comparable with the accredited standards in 
Great Britain. 

My the most common form of electrical 

iff for farms was one in which a comparatively high 
charge was made for an initial number of kilowatt- 
hours, the charge per kilowatt-hour then decreasing 
until a certain minimum charge was reached. Electrical 
supplies were usually single phase at voltages of 120 or 
240, and at 60 cycles per second. For distribution 
purposes, vulcanised rubber-insulated and braided 
wiring was widely used, but was becoming less popular 
because the braiding perished at low temperatures. 
Polychoroprene- or neoprene-covered cables were being 
offered as suitable alternatives. Aluminium-alloy 
conduit was common, particularly on farm installations 
in California; ironclad switchgear was supplied in 
sheet-steel cases, which, though unacceptable by British 
standards, d to be satisfactory in practice. The 
capacity of service transformers was small by English 
standards, an output of 7-5 kVA being considered large. 
A typical farm service of the Atlantic City Electric 
Company had a 7-5-kVA transformer supplying a total 
connected load of about 20-5 kW, of which about 10 kW 
was used for domestic services in the house (including 
an electric cooker rated at 8 kW) and the remainder 
for actual farm services, such as milk cooling, milking 
machines, incubating and brooding, hay hoist, and 
cowshed ventilation. In the United States, ventilation 
was regulated by thermostatically-controlled exhaust 
fans in conjunction with vertical ducts on the walls, 
so that during the winter, air was drawn from floor 
level where the temperature was lowest, and in the 
summer, doors in the tops of the ducts were opened to 
allow the fans to draw warm air from the ceilings. The 
best results, however, were obtained with buildings 
containing properly located and proportioned air 
intakes giving efficient natural ventilation. 

Cowshed gutter cleaners were being adopted in 
Wisconsin, which was a dairy State where cows were 
in their sheds for long iods, and where manual 
cleaning was a major item. These cleaners each 
consisted of a conveyor running in the gutter to an 
elevator outside the building for loading into a trailer. 
In milk sheds in California and Washington, D.C., 
corrugated milk coolers were used, but in the North and 
Middle West the general practice was to employ churn 
immersion coolers, these being a development from 
tanks cooled with ice harvested during the winter ; 
in the author’s view, it was unwise to assume that this 
practice ws; suitable for the different conditions in 
Great Britain. Fi obtained during 1937-38 by 
the California Committee on the Relation of Electricity 
to Agriculture, indicated that on farms with electrically- 
operated dairy equipment, the average energy con- 
sumption per cow per month was 15 to 18 kWh. 

During the past ten years the use of barn hay-drying 
had ne to many of the United States. Axial- 
flow fans were usually employed, the largest seen being 
a 10-h.p. unit comprising a 60-in. diameter fan, capable 
of drying 100 tons at atime. In the south, —— 
tary heating had also been used because of long 
growing season and the high humidity, and in the north, 

use of the short season and heavy rainfall. Con- 
tinuous blowing was encouraged, for, owing to the heat 
generated in the hay, even air of 100 per cent. humidity 
could remove some of the moisture. At Cornell Univer- 
sity, the latest practice was to blow continuously until 











the surface hay was dry, and then to blow intermit- 
tently. Another recent method was the use of per- 
forated steel silos with combined centre chutes and 
ventilating ducts, to which fans were connected. 
Methods of frost protection included oil heaters, pro- 
peller fans driven by 200 to 400 h.p. internal-combustion 
engines on towers up to 50 ft. high, and various forms 
of radiant heating, tho more experience was 
needed before the value of radiant heating could be 

Some wind machines were driven by electric 
motors, which were rated at 125 h.p. because of the 
overloading possible when operating in a cold slipstream. 
Soil warming, though commonly employed for propa- 
gating p , did not seem to be much used during 
the no growing periods, and tests on plant irradia- 
tion with tungsten, fluorescent, and mercury-arc 
lamps showed that only the first two encouraged a 
reasonably satisfactory growth. Fluorescent sources 
were apparently the most suitable for experimental 
work at present, though, in general, there was no form 
of artificial-radiant energy which was entirely satis- 





RECONSTRUCTION IN THE 
NETHERLANDS. 


Tue Ministry of Reconstruction and Housing of the 
Netherlands Government has issued an illustrated 
booklet in English which describes war damage in 
Holland, and shows that, in spite of the efforts already 
made towards recovery, there is still a great deal 
to be accomplished. The booklet, which is entitled 
Three Years of Reconstruction in the Netherlands, 
includes tables, diagrams and maps to illustrate the 
nature of the work already completed and the diffi- 
culties that still remain to be overcome. Exact 
figures and details are not available in all cases, but a 
measure of the damage done is given by the statement 
that over 3,000 ships were sunk in the canals and water- 
ways, including eight ocean liners in the North Sea 
Canal or its entrance, and in the New Waterway to 
Rotterdam. Dykes and harbour equipment, such as 
cranes, storage tanks, grain elevators, were also com- 
pletely or partly destroyed, while scuttled river and 

craft and damaged locks blocked river and canal 
traffic and hindered transport generally. In addition, 
only nine of 50 main highway bridges were saved ; 
and of 26 important railway bridges, only three remained 
undamaged. Moreover, 3-75 per cent. of the country’s 
houses and dwellings were completely d 1-85 
ae. heavily damaged, and 17-54 per cent. were 
i as slightly damaged. 

By January, 1946, however, all the territory which 
had been flooded during the war was reclaimed, while 


by 1947 the dykes were repaired and the flooded soil 
was ly freed from the salt content due to inunda- 
tion. have also been planted, a special effort 


being made to grow them again on Walcheren. Thirty- 
six of the 50 important highway bridges, and all the 
demolished railway bridges, have now been repaired, 
though some of the latter still carry only a single track. 
Railway passenger traffic in 1947 was more than double 
that of pre-war years, presumably because of the 
difficulty in finding suitable alternative means of 
transport. Before the war, the total inland shippi 
consisted of more than 20,000 vessels, equal to am 
4-5 million tons, but immediately after the end of 
hostilities, only 9,000 craft, totalling 1-8 million tons, 
were undamaged. By May, 1948, about 16,000 vessels, 
— three — tons, had been made available for 
inland shipping, for which all the a iate waterwa 
lnhtentgeubankgubidoentee. i 
As in other countries, housing is a formidable 
problem and no early solution is expected. Up till April 
1948, just under 17,000 permanent “ dwellings ” had 
been built, though some of these are arranged, either 
temporarily or permanently, to house more than one 
family. It is estimated, however, that an annual 
production of 60,000 to 70,000 houses is needed over 
the next 10 or 15 years, and it is frankly admitted that 
there is little hope of such a rate of production being 
attained during the next few years, in view of the 
labour and material shortages. All timber, for example, 
and most building materials, have to be imported. 
Prefabricated and non-traditional forms of building. 
have therefore been tried in an effort to overcome these 
difficulties. The shortage of suitable labour is partly 
due to the deportation of younger men during the war, 
as well as by the lack of training facilities and the 
retirement of older men during the same period. 
Output from available labour has also been reduced by 
the slow delivery of necessary materials. To meet the 
needs of the more seriously districts, labour 
camps have been set up, and in these, study and occu- 
pational work is enco . One favourable feature 
is that the destruction of the centres of many towns 
and villages has provided an opportunity for com- 
pletely replanning for modern conditions. So far, over 
60 plans have been approved. 
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WELDED ALL-STEEL RAILWAY CARRIAGE. 
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ALL-STEEL RAILWAY CARRIAGE, 
LONDON MIDLAND REGION. 


A 60-¥r. corridor carriage, with a body of a new all- 
steel design, has been developed and built at the Derby 
Carriage and Wagon Works of British Railways 
(London Midland Region). It is the prototype for an 
order of 150 carriages which are to be manufactured for 
main-line service. The carriage is illustrated in Fig. 1, 
and the principal dimensions are given in the eleva- 
tion and sectional plan reproduced in Figs. 2 and 3, 
respectively. The exterior appearance is generally 
in accordance with standard L.M.R. practice: the 
cross section of the roof is semi-elliptical, the sides 
sweep inwards below the waist, and the finish is in 
standard British Railways colours for main-line 
carriages—crimson lake with cream panels lined in 
gold and black. There are three first-class compart- 
ments with seats for 18 ms, and four third-class 
compartments with seats for 24 persons. To facilitate 
entraining and detraining, four doors are provided on 
the corridor side of the carriage, two giving entrance 
to each class of compartments. On the compartment 
side of the i there are only two doors, one at 
each end lobby. rate toilet facilities are provided 
for passengers in each class of compartments. 

Welding in carriage construction was introduced at 
the Derby Works in 1934, when the first carriage in 
which steel angles were used instead of certain timber 
body members was built. A composite construction of 
adend wood was subsequently evolved, and was stan- 
dardised for certain body-building work. Since that 
time, construction at Derby has included lightweight 
coaches using low-alloy high-tensile steels, and a three- 
car Diesel unit of clade construction ; all-steel bodies 
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were first introduced in the rebuilding of coaches for the 
Liverpool and Southport electric service. The latter 
coaches are regarded as the forerunners of the new 
design. 

The steel body shell is welded directly to a steel under- 
frame, and supported on two bogies of standard 
L.M.R. four-wheel type with a 9-ft. wheelbase and = 
journals 4% in. in diameter and 9 in. lo The bogi 
suspension gear consists of two of steel belies helical 
bolster springs with eye-bolts ad oe knife-edge swing- 
beam mounting, and, over each axlebox, there is a 5-ft. 
semi-elliptical laminated spring fitted with rubber auxi- 
liary springs on the hangers. The steel underframe, 
although in many respects similar to standard L.M.R. 
designs, incorporates lighter section solebars, and angle 
trusses under the middle part of the frame have been 
fitted to both longitudinals as well as to both solebars. 
The design of the underframe will be suitable for a 
variety of body designs. The tare weight of the 
vehicle (including water in the tanks) is 30 tons 12 cwt., 
which compares with 31 tons for a standard coach of 
normal construction. The tare weight without water 
in the tanks is 29 tons 17 cwt. 

The design-office and production staffs have colla- 
borated in the design of the vehicle to ensure that the 
details facilitate and simplify production. It was 
considered desirable to design for unit construction 
and a progressive assembly procedure. It was therefore 
decided to construct the body shell from several 
principal units: the corridor body side, the compart- 
ment body side, the roof, and end framing and panels. 
Each unit comprises a light-steel skeleton made of 
pressings from No. 10 and No. 14 gauge deep-drawing 
quality steel, to which is welded the outer panel of 
16-gauge panel steel ; roof panels are of galvanised steel. 








“ENGINEERING” 
The skeleton joints are arc welded and the panelling is 
secured to the body structure by metallic-arc plug 
welds. The body units are erected and welded to the 
underframe as shown in Fig. 4, opposite. 

Corrosion has presented a difficulty in the develop- 
ment of all-steel construction, whether it be of carriages, 
wagons or other vehicles, and in the case of all-steel 
carriage-body design, careful consideration had to be 
given to the protection not only of the external surface, 
but also of internal steel surfaces covered by timber 
finishings. Quite apart from the protection which can 
be given by painting and similar processes, the design 
had to be such that the condensation which was likely 
to occur was reduced to a minimum. As this is more 
likely to occur on the internal surfaces of the steel plates, 
due to fixed internal finishing, a feature of the design, 
shown by the cross-section in Fig. 5, o — is a space 
between the two, in the body and roof, to promote con- 
tinuous air circulation from the underframe solebar level 
to the cantrail and roof. This is assisted by extraction 
vents which are fitted to the roof inter-space, of the 
standard type used for compartment ventilation. The 
interior paint protection for the steel members and 
panelling has been determined from various tests 
carried out by the L.M.R. paint-research laboratory. 
The process used consists of an acid panel wash to obtain 
a chemically clean surface, one coat of metal 
paint, and three coats of bituminous emulsion to L.M.R. 
specification No. 215. The bituminous emulsion is 
applied after erection and remains in a semi-plastic 
condition, so that the resistance offered to rupture of 
the coating by shock, etc., affords a particularly effec- 
tive protection against corrosion. 

The body end units are built up of members of con- 
siderable strength to resist impact. A complete end 
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Fig. 4. 
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unit is shown in Fig. 6, above, from which it 
will be noted that the members are of relatively 
strong sections. The gangway and corner pillars are 
of Z-section, formed from }-in. plate with a 3-in. 
depth in the leg of the section. The intermediate 
vertical stiffener and all cross stiffeners are formed 
from 10-gauge steel of “top-hat” section, 4 in. 
by 2 in. The method of joining the body units was 
given considerable attention, because it was considered 
that some means should be provided for allowing for 
the slight variations in size due to workshop tolerances. 
The body side is attached to the underframe by 
pressed-steel brackets fitted to each pillar in the side 
and to each “stump” pillar in the underframe, the 
bracket being designed to fit the cross-section of the 
pillars and to allow for vertical, longitudinal and trans- 
verse adjustments of the side in relation to the under- 
frame. The end and roof fixings are also designed to 
permit adjustments. 

‘ The roof has been designed as a standard unit suitable 
or various types and lengths of carriages, and it has 
the carlines spaced at er om so that a standard 
dimension can be maintained for the roof panels and 
purlins. The gutter is attached separately after the 
roof has been erected on the body sides. Stainless-steel 
bolts and nuts are used for securing the gutter, and 
an air inlet for ventilation of the collanen is obtained 
by means of packing washers between the roof-panel 
edge and the body side. The various details of the body 
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structure are designed as pressings, so that quantity 
production to standard dimensions can be achieved. 

With the introduction of all-steel body framing, a 
new method of securing the internal finishing materials 
had to be devised. Timber fillets or slats are attached 
to the internal faces of the steel frame, and plywood 
panels are secured to the fillets. Fig. 7, on this page, 
shows an operator welding No. 0 B.A. steel studs 
directly to the steel members, using a Cyc-Arc weldi 
appliance. The timber slats are secured to the s 
members by nuts on thestuds. The nuts are cylindrical 
with a lip around one end; the wood is drilled with 
holes the same diameter as the cylindrical part of the 
nut, and the holes are slightly counter-drilled to accept 
the lipped part of the nut. Thus, the nut does not 
project from the surface of the wood and the panels 
can be attached without interference from projections. 
The distance between the stud centres has been stan- 
dardised so that the slats are also standard. The floor 
of the coach consists of two layers of tongued-and- 

ved boards on a hardwood framing and covered 
with felt and linoleum. 

The pressed-steel members for the body are pro- 
duced in presses of from 5 to 350 tons capacity. In the 
case of a roof-carline member, the two ends are pre- 
formed as an initial operation, prior to the main 
pressing operation which produces the final roof 
shape. In the design of the press tool, allowance has 
been made for over-bending to compensate for spring- 














(95310) = 


| back of the material. A similar operation is employed 
| for the main body pillais, while body rails are formed 
either in a press tool, or by press-brake operations. 

Construction of the body side unit can be as 
typical of all units making up the body shell, and 
comprises the assembly of the steel component pressings 
| in a fixed floor jig, and welding to form the skeleton 
structure. These assembly jigs, which are shown in 
Fig. 8, on 540, are designed as ent founda- 
tions of substantial weight, on which adjustable 
jigging bars are located to accommodate any type of 
steel-carriage construction. Fig. 9, on the same page, 
shows the body side in a semi-completed state, in the 
fixture used for welding the skeleton frame to the body 
panel by means of plug and stitch welding. The se- 
quence of erection of the body units starts with the 
alignment and location of body reference-jig units, 
which are bolted on the underframe or chassis of the 
coach, and serve as supports for the body sides during 
erection and welding operations, as shown in Fig. 10, 
on page 540. The body side is secured to the under- 
frame by the independent pillar brackets, already 
mentioned. The body ends are then erected, corner 
brackets being fitted to secure them to the body 
side. The end pillars are welded directly to the head- 
stocks of the underframe. The body erection is 
completed by lowering the roof unit, and fixing it to 
the body shell by §-in. diameter location bolts passing 
through the respective cantrail sections of the body 
side and roof units. The cantrails are finally fastened 
together by a series of }-in. diameter snap-head rivete, 
a Broom and Wade squeeze riveter having a hydraulic 
riveting yoke, and operated by a pneumatically- 
controlled intensifier, being employed. The timber 
floor is then laid, the compartment partitions are 
erected, and timber packings are applied to the steel 
body members as foundations for the fixing of the 
internal decorative finishing timbers. The underframe 
and bogie building follows well established practice. 
Fig. 11, on page 540, shows the general sequence of 
underframe construction and jig assembly. Rotary 
jigs are used in bogie building to facilitate down-hand 
welding of all main joints. Each bogie weighs approxi- 
mately 5} tons. 

An interesting feature of the internal finish is the 
elimination of all sharp corners from the compartment 
and corridor ceilings, by the introduction of ceilings of 
an arch formation, as shown in Fig. 5. The ceilings 
“blend” at the corridor partition into a common 
duct designed to accommodate the complete coach, 
circuit wiring. The three first-class compartments 
measuring 7 ft. 2 in. by 6 ft. 2 in., are furnished with 
sprung seats, with spring-filled loose cushions. The 
internal finish, in the first vehicle, consists of plywood 
panels veneered with teak. Later vehicles are to be 
fitted with teak, Imbuya, French walnut and maple 
butt veneers. The third-class com ents are 
6 ft. 3 in. by 6 ft. 2 in. and the internal finish of 

ba-veneered plywood; later vehicles are to be 





pero’ 
fitted with Makore and Kevazingo veneers. The 
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vehicles are ventilated on the extraction principle, 
two roof extractors being provided for each compart- 
ment and one for each toilet, with additional ventilation 
in the com ts and corridor through the sliding 
lights above the window. Each toilet compartment 
is also fitted with a ial extractor ventilator in the 
body side above the window, to ensure an adequate rate 
of air change. Electric lighting is provided by the 
L.M.R. standard Wolverton system. This is a single- 
battery equipment, the regulator of which combines 
all the switchgear as a unit. Lighting is 
by means of 15-watt lamps, of which there are five in 
each third-class and six in each first-class compartment. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “ Crry or BROOKLYN.”—Single-screw cargo liner, 
carrying twelve passengers, built by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Wallsend- 
ou-Tyne, for Messrs. Ellerman Lines, Limited, London, 
E.C.3. Main dimensions: 450 ft. (between perpendicu- 
lars) by 61 ft. 6 in. by 33 ft. 3 in. to upper deck ; gross 
tonnage, 7,557; deadweight capacity, 10,880 tons on a 
draught of 28 ft. 92 in. Pa impulse-reaction tur- 
bines, constructed by The Wallsend Slipway and Engineer- 
ing Company, Limited, Wallsend-on-Tyne, with single- 
reduction double-helical gearing, to develop 7,200 s.h.p. 
at 115 r.p.m. Two Babcock and Wilcox water-tube 
boilers. Service speed, about 15 knots. Trial trip, 
May 25. . 

M.S. “* ApRratTic Coast.’’—Single-screw coaster, built 
by Messrs. Hall, Russell and Company, Limited, Aber- 
deen, for Messrs. Coast Lines, Limited, London, E.C.3. 
Main dimensions: 235 ft. (between perpendiculars) by 
38 ft. by 23 ft. 9 in. to bridge deck ; deadweight capacity, 
about 1,400 tons on a draught of 14 ft. 9 in. summer 
freeboard. LEight-cylinder Diesel engine, of 1,280 b.h.p., 
supplied by Messrs. British Polar Engines, Limited, 
Govan, Glasgow, and installed by the shipbuilders. 
Trial trip, May 25. 

S.S. “‘ Rupotr.”—Single-screw tug, built by Messrs. 
Cook, Welton and Gemmell, Limited, Beverley, York- 
shire, for towage, salvage and ice-breaking, to the order 
of the Gothenburg Towage and Salvage Company, 
Limited, Gothenburg, Sweden. Main dimensions : 90 ft. 
by 26 ft. 74 in. by 14 ft. 11 in.; gross tonnage, about 
185. Triple-expansion engine, previously in service in 
an Admiralty auxiliary craft, constructed by Messrs. 
Amos and Smith, Limited, Hull, now adapted and 
installed by them, and one oil-fired multitubular boiler. 
Launch, May 30. 

M.S. “ AssioutT.”—Single-screw fruit and general cargo 
vessel, built and engined by Messrs. Harland and Wolff, 
Limited, Belfast, for the Mediterranean service of the 
Moss Hutchison Line, Limited, Liverpool. Main dimen- 
sions: 367 ft. by 52 ft. by 32 ft. 6 in. to shelter deck; 
gross tonnage, 3,350. Eight-cylinder four-cycle cross- 
head-type Harland-B. and W. Diesel engine. Launch, 
May 31. 

M.S. “ ANTOINE LAVOISIER.”—Single-screw trawler, 
built and engined by the Chantiers et Ateliers Augustin 
Normand, Le Havre, France, for Messrs. E. et A. Gautier 
Fréres, Lorient, France. Main dimensions: 117 ft. 6 in. 
by 22 ft. 5 in. by 12 ft. 9 in.; displacement, 384 tons ; 
fishroom capacity, 4,240 cub. ft. Augustin Normand- 
M.A.N. Diesel engine of 450 h.p. to give a speed of 
11 knots. Launch, May 31. 

M.S. “Port VINDEX.”—Twin-screw general and 
refrigerated cargo liner, carrying some passengers, built by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Wallsend-on-Tyne, for the Port Line, Limited, London, 
E.C,3, in 1941. Converted for service as Admiralty 
auxiliary aircraft carrier, in 1942, as H.M.S. Vindex. 
Returned to Messrs. Swan, Hunter for reconversion as 
Port Line vessel, August, 1947. Main dimensions: 
498 ft. 3in. by 68 ft. by 42 ft. to upper deck ; gross ton- 
nage, 10,704; deadweight capacity, 12,010 tons on a 
draught of 28 ft. 82 in. Two five-cylinder two-stroke 
opposed-piston Swan, Hunter-Doxford oil engines de- 
veloping together 10,700 b.h.p. at 113 r.p.m., in service. 
Trial trip, after reconversion, June 1. 


8.8. “ EpwarD WisHAw.”—Twin-screw cable ship, 
built and engined by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Newcastle-upon-Tyne, for Messrs. 
Cable and Wireless, Limited, London, W.C.2. Twenty- 
first cable ship built at the Neptune shipyard. Main 
dimensions : approximately 311 ft. by 41 ft. by 25 ft. 9 in. 
to upper deck; deadweight capacity, about 2,090 tons 
on a draught of 19 ft. Two triple-expansion engines 
collectively developing 2,150 i.h.p. at 130 r.p.m. on trial, 
and three multitubular oil-burning Scotch boilers. Speed 
on trial, 132 knots. Trial trip, June 2. 








ALBERT MEDAL OF THE Roya SoOcIETy OF ARTS.—The 
1949 Albert Gold Medal of the Royal Society of Arts, 
John Adam-street, Adelphi, London, W.C.2, has been 
awarded to the architect, Sir Giles Gilbert Scott, O.M., 


Die Mineralischen Baustoffe. 


Radio-Frequency Heating. 


50 Years. 


BRITISH STANDARD 
SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of 
the Institution, 24, Victoria-street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 


Glossary of Process Control Terms.—A new publica- 
tion, B.S. No. 1523-1949, entitled “‘ Glossary of Terms 
Used in Automatic Controlling and Regulating 
S ,” constitutes Section Two of a comprehensive 
glossary which is planned to cover terms used in auto- 
matic-control systems of the closed-loop type, namely, 
systems in which the actual value of the controlled 
condition is continuously compared with the desired 
value. Section Three, covering the nomenclature of 
position control servo-mechanisms, is now ia prepara- 
tion and this will be followed by Section Four, covering 
automatic regulators. Section One of the glossary 
will contain those terms common to all automatic 
controlling and regulating systems of the closed-loop 
type and will be prepared when Sections Two, Three and 
Four have been completed. The terms and definitions 
given in the t publication (Section Two) have 
been accepted by both manufacturers and users of 
automatic-control apparatus. Hitherto, there has 
been a degree of conflict and ambiguity in the nomen- 
clature and it is hoped that these standard terms and 
definitions will find general tance and thus provide 
a basis for a unified nomenclature for use in the theory 
and ice of automatic control. It is intended to 
review the publication after a period of twelve months 
in order to incorporate any alterations or improvements 
which its use may have rendered desirable, and we 
understand that the Institution will be glad to receive 
any suggestions for consideration. [Price 2s. 64d., 
postage included.]} 

Identification Colours for Gas Cylinders.—The wall 
chart of identification colours for gas cylinders, B.S. 
No. 349 C, which was published by the Institution in 
1932, has been out of print for some time, and a new 
edition has now been and published. The 
chart has been revised and all the amendments have 
been included, as well as the identification colours of 


medical gas cylinders specified in B.S. No. 1319. 


[Prices, 6s. 6d., unmounted, and 10s. 6d., mounted, 


postage included in each case.] 
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Studium und Prazis. By Dr.-Ing. THEODOR 
RICKEN. Carl Hanser-Verlag, Leonhard-Eck-Strasse 
7, Munich 27, Germany. [Price 11 DM.] 

ik yp By PROFESSOR 
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keiten. Verlag Glickauf, G.m.b.H., Hauptstrasse 43, 
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Anleitung und Hilfstafeln zum Bemessen von Stahlbe- 


tonquerschnitien. By Dr. ING. Jon. Ltturs. Second, 


revised edition. Wilhelm Ernst und Sohn, Hohen- 
zolierndamm 169, Berlin-Wilmersdorf, Germany. 
[Price 6 DM.] 


Volume I. Thre Art, 
Zusammensetzung, Verwendung und Priifung. By 
Dr.-Ing. RUDOLF ZOLLINGER. Wilhelm Ernst und 
Sohn, Hohenzollerndamm 169, Berlin-Wilmersdorf, 
Germany. [Price 8-50 DM.] 


Air Conditioning. By HERBERT HERKIMER and HAROLD 


HERKIMER. Chemical Publishing Company, Incor- 
porated, Brooklyn 2, New York, U.S.A. [Price 12 
dols.] Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 40s. net.] 


Simplified Design of Structural Timber. By PROFESSOR 


HARRY PaRKER. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
3-25 dols.] Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 19s. 6d. net.] 


Summary Report of the Ministry of Works for the Period 


lst January, 1948, to 31st December, 1948. 
Stationery Office, Kingsway, London, W.C.2. 
9d. net.) 
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The Canning Handbook on Electro-Plating, Polishing, 


Bronzing, Lacquering, and Enamelling. Sixteenth 
edition. W. Canning and Company, Limited, Great 
Hampton-street, Birmingham, 18. [Price 21s., post 
free.] 


Ministry of Transport. Railway Accidents. Report on 


the Collision Which Occurred on the 9th January, 1949, 
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PERSONAL. 


Mr. O. V. S. BULLEID, O.B.E., M.I.Mech.E., is retiring 
from his present post as Chief Mechanical Engineer, 
Southern Region, British Railways, on September 30 next, 
and has been appointed Consulting Mechanical Engineer 
to Coras Iompair Eireann (Irish Transport Company). 


Mr. L. TURNER, B.Sc., M.I.C.E., M.1.Struct.E., has 
been elected President of the Institution of Structural 
Engineers, 11, Upper Belgrave-street, London 8.W.1, for 
the session 1949-50, and will take office in October. 


Srmrk WALTER BENTON JONES, Bt., has been appointed 
chairman and Mr. LESLIE O’ConNoR, vice-chairman, of 
the British Association of Coke Oven Tar Producers, 
11-12, Pall Mall, London, S.W.1. 


Mr. A. VERNON WATSON, A.I.Mech.E., A.M.I.P.E., 
F.R.S.A., has been elected President of the Institution 
of Engineering Inspection. 


Mr. L. W. Hayes, O.B.E., M.I.E.E., who has been 
head of the Overseas and Engineering Department of 
the British Broadcasting Corporation for the past 
13 years, has been appointed vice-director of the Comité 
Consultatif International des Radiocommunications in 
Geneva. He will be chiefly concerned with the activities 
of that body in the broadcasting and allied fields. 


Consequent on the appointment of Mr. L. W. HaYEs 
as vice-director of the Comité Consultatif International 
des Radiocommunications, the Overseas and Engineering 
Information Department, the Engineering Secretariat 
and the Engineering Training Department of the British 
Broadcasting Corporation have been formed into the 
Engineering Services Group. Mr. F. C. McLEan, 
M.B.E., B.Sc., M.1.E.E., and Mr. E. L. E. PAWLEY, 
M.Sc., M.I.E.E., have been appointed Head and Assistant 
Head, respectively, of this Group, while Mr. H. WILKIN- 
SON, B.Sc., becomes Head of the Overseas and Engineer- 
ing Information Department and Mr. F. WILLIAMS, B.Sc., 
M.1.E.E., Head of the Engineering Secretariat. Dr. 
K. R. Srurtey, M.I.E.E., continues as Head of the 
Engineering Training Department. 

Mr. E. G. THorP has been appointed principal costs 
assistant (mechanical engineering), London Transport 
Executive, 55, Broadway, London, 8.W.1. He is to be 
responsible to the costs officer for the supervision of 

hanical-engineering costing for both road and rail 





services. 

Mr. W. E. BALLarp has relinquished the position of 
honorary secretary of the Association of Metal Sprayers, 
but will continue to serve on the Executive Committee 
of the Association. Mr. R. A. Parkes, of Metallisation, 
Limited, Barclays Bank-chambers, Dudley, Worcester- 
shire, is the new honorary secretary. 

The Royal Society of Arts announce that Mr. A. B. 
ReaD has been elected Master of the Faculty of Royal 
Designers for Industry for 1949-50, in succession to Mr. 
GORDON RUSSELL, C.B.E., M.C., whose term of office 
expires at the end of this month. 

Mr. ROOSEVELT GriFrirus, M.Sc., F.1.M., is to be 
President of the Swansea and District Metallurgical 
Society for the 1949-50 session. The joint bonorary 
secretaries are Mr. H. A. Cooke and Mr. M. J. A. 
THomas, B. Sc. 

Mr. R. G. Troup and Mr. C. W. SmITH announce that 
they have taken into partnership Mr. T. W. FENNEMORE 
and Mr. PETER L. Martin. The firm will continue to 
practice under the name of HanpcOcK AND DYKES, 
5, Victoria-street, London, 8.W.1. 

Mr. H. B. BowEN, C.B.E., of Montreal, chief of motive 
power and rolling stock for the Canadian Pacific Railway 
since 1928, has retired after 44 years’ service. He will be 
succeeded by Mr. W. A. NEWMAN, C.B.E., of Montreal, 
manager of the company’s department of research since 
its formation in 1945. Mr. Newman will remain manager 
of the research department, with Mr. F. V. STONE 
assuming wider responsibilities upon his promotion as 
assistant manager of that department. 





EXTENSION TO RESEARCH LABORATORIES.—The 
General Electric Company’s Research Laboratories at 
North Wembley, Middlesex, have now acquired from 
the Railway Executive, a 2l-years lease of the building 
in the Wembley Exhibition Grounds, known as 
“ Extension XL,” and used by them since the early 
years of the late war. This building was originally the 
British Government Pavilion of the 1926 Wembley 
Exhibition ; it has a total floor area of 50,000 square 
feet, and was primarily taken over to set up a shadow 
organisation which could continue important work in 
the event of the main laboratories being seriously 
damaged by enemy action. It was never used for this 
purpose, and by 1941, was already being employed to 
provide space for war-time projects. At the end of the 
war, the building was equipped on a more permanent 
basis, and now has its own workshop, canteen, substation 
and other essential services. The total staff in the 








G.E.C. Research Laboratories now exceeds 1,200. 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 


Scottish Steel.—Throughputs at the melting shops are 
being maintained on a satisfactory basis, while the firm 
trading position ensures a full and rapid clearance of all 
ingots and castings produced. Essential raw materials 
are in adequate supply, scrap being particularly steady at 
present, a regular proportion of German materia] supple- 
menting an even flow of heavy and light scrap from 
home sources. Blast-furnace ingredients are also ample, 
and the output of pig iron has engendered a sense of 
security at the melting shops in case of any temporary 
interruption in scrap supplies. Overseas business in 
steel and steel products appears to be more settled 
following adjustments in recent months, after difficulties 
in regard to sterling balances in a number of countries, 
but an expansion in the volume of trade is expected as 
the result of the additional export tonnages negotiated 
under bi-lateral trade agreements for Period 3. The 
home demand for steel remains at a high level, despite 
insistence of some consumers on a policy of reducing 
stocks and making only the minimum of fresh purchases. 
Some concern is felt regarding future shipbuilding acti- 
vity, in view of the paucity of new contracts, but current 
orders are absorbing a large tonnage of plates and 
sections, while locomotive and wagon builders and power- 
Plant producers are also utilising large quantities. The 
demand for light bars and sections is a shade easier, but 
black and galvanised sheets are in very brisk demand, 
particularly in the lighter gauges. The supplies of semies 
for re-rollers is slowly but definitely improving as in- 
creased imports arrive from steelworks situated on the 
Continent. 


Scottish Coal.—At an average of around 480,000 tons 
&@ week, the divisional production is maintaining a higher 
level compared with a year ago, but only in proportion 
to the increase in manpower. Occasional strikes have 
been operating against the attainment of the target of 
500,000 tons weekly, but an improvement in individual 
performances is also necessary. With deliveries generally 
upheld at allocation levels, the supply position is fairly 
satisfactory. Round coal has been a little tight in one or 
two places, but house-coa] merchants’ receipts have been 
hardly affected. Sales in this trade are declining con- 
siderably, and more coal is being stored. Industrial 
tonnages are rather easier to arrange. Electricity works, 
steelworks, and other large consumers are laying down 
fair stocks, while smaller firms are not registering many 
complaints regarding deliveries. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The majority of plants resumed 
operations today following the Whitsuntide break, during 
which many repairs have been carried out by maintenance 
staffs. The fairly long run of production until the August 
holiday has started on a good reserve of orders which 
will provide very many months’ work. In specialised 
steel and engineering products there is no falling off, 
but in some of the tool branches the effects of foreign 
competition are being felt. This succeeds because 
quicker delivery can be given by German, Czecho- 
Slovakian and Japanese concerns. Some reports, how- 
ever, show that the quality of the competing products 
leaves a good deal to be desired. Much more stainless 
steel is needed than present facilities will provide ; 
extensions are being carried out as rapidly as possible, 
but it will be some time before the extra rolling facilities 
planned will be fully in operation. Edge-tool manufac- 
turers are busy on numerous orders for various trades. 
The demand for hacksaws is strong, and additional 
manufacturing facilities are permitting speedier deli- 
veries. Engineers’ small tools are in strong request, 
particularly twist drills on home and export account, 
and milling cutters and reamers. Makers of heavy 
machine tools are making good progress with the execu- 
tion of some large orders. 


South Yorkshire Coal Trade.—An increase in production 
before the holiday has satisfied the principal home 
requirements, and it has also been possible to direct a 
little more best-quality steams and gas coal to the ports 
for shipment abroad. House-coal merchants have been 
directed to accumulate two weeks’ reserves for the winter 
from their normal deliveries by rail. Merchants were 
surprised at the considerable increases in prices included 
in the new schedule operating from May 30. One grade 
is 10d. per ton cheaper, but other grades are advanced 
by 3s. 4d., 48. 2d. and 5s. 10d. per ton, the biggest increase 
being in best house coal, now quoted 70s. 5d. per ton 
delivered loose. A new opencast site, to be developed 
near Hoyland Common, is expected to yield 400,000 tons. 
It will be the deepest of the opencast workings in York- 
shire, and preparations are in hand to dig to 100 ft. 
below the surface in search of the coal. It is anticipated 
that the site will be sufficiently developed to begin to 
yield coal this summer, 
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NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

The Welsh Coal Trade.—A further extension in open- 
cast mining in the Monmouthshire Eastern Valley has 
been hinted at during the past week. A month ago the 
Ministry of Works requisitioned a site of 100 acres on 
the mountainside near Abersychan for the purpose, and, 
in the past week, the Ministry of Fuel and Power have 
stated that it was intended to extend the working to 
adjacent sites and further requisitioning would be made. 
The output from South Wales collieries reached its 
highest level for the year in the week ended May 28. 
This was the week which would provide the pay received 
by the men immediately before the Whitsun holidays. 
In that week, 480,624 tons were produced, an improve- 
ment of 30,000 tons over the previous week. Business 
has remained difficult to negotiate on the steam-coal 
market throughout the past week owing to the continued 
shortage of coal. Current productions are still being very 
largely reserved for the inland trade, and the railways, 
public-utility undertakings and the principal industrial 
concerns, notably the iron and steel trade, have given no 
indication of reducing their requirements as yet. In 
consequence, there is little coal to spare for delivery 
abroad. A steady level of trade is maintained with 
Portugal, although there are reports of Polish shippers 
showing an interest in this market. Deliveries to France 
and Italy are also being maintained at recent levels, 
but new business for Argentina is affected by the recent 
trade agreement. Shippers are waiting to see whether 
an increased homeward trade would reduce outward 
freight rates for coal before concluding any further 
business. Bunkers have again come in for a brisk demand 
and are scarce, while patent fuel and cokes are active. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was more activity in tin-plate as 
home consumers, having received some allocations for the 
next Period, had placed more orders. The export market 
was still quiet, although sales increased slightly. Steel 
sheets and iron and steel scrap continue in demand. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The heavy outputs of iron and 
steel were checked little by the Whitsuntide holidays. 
Producers in the various branches of the industry have 
extensive contracts to carry out and, in many cases, 
customers are asking for larger supplies than they are 
receiving under delivery obligations. They are con- 
fidently expecting that an increase in distributable ton- 
nage will materialise. The position in regard to raw 
material is better than for some time and promises to 
continue to improve. The output of the Cleveland iron- 
stone mines is still rather disappointing but a gradual 
expansion is considered assured, and imports of foreign 
fron ore are on a substantial scale. Fortunately, sup- 
plies of iron and steel scrap are large, both from home and 
from overseas sources and, to some extent, they ease the 
inconvenience occasioned by the continued scarcity of 
pig iron. Large quantities of heavy steel scrap are 
moving into the melting shops and big parcels of good iron 
scrap are helping to keep foundries going. The situa- 
tion in the coal trades is little changed. Under existing 
conditions, deliveries of coal and coke are not unsatis- 
factory, but. at the same time, larger supplies would be 
acceptable. So great is the call for finished steel that 
most plants did not close down for Whitsuntide. 
Foundry and Basic Iron.—The make of ordinary 
foundry pig iron ceased some time ago on Tees-side, and 
North-East Coast consumers of that quality of blast- 
furnace material eagerly snap up available parcels from 
other producing centres. The Midlands are almost 
their only source of supply and deliveries from that area 
are insufficient for the current needs of foundries notwith- 
standing the very liberal use of suitable scrap material. 
The production of the basic blast furnaces is promptly 
absorbed by the requirements of the consuming works. 
Hematite, Low-Phosphorus and Refined Iron.—De- 
liveries of East-Coast hematite are steadily maintained 
but regular users continue to complain of inconvenient 
short supplies. The distributable parcels of low- and 
medium-phosphorus irons are taken up for early use. 
Refined-iron makers manage to deal fairly satisfactorily 
with the needs of regular customers. 
Manufactured Iron and Steel.—Semi-finished and 
finished-iron makers are engaged on good orders and 
requirements of customers promise to keep the works 
well occupied over the summer months. There is no 
easement in the pressure for maximum deliveries of steel 
and both home and cverseas buyers are still in the 
market with substantial orders. Supplies of steel semies 
continue to increase but re-rollers are still keen buyers of 
billets and sheet bars. Black and galvanised sheets, 








rails, joists, sections and light plates are sought after. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTE OF BRITISH FOUNDRYMEN.—Forty-sixth 
annual conference. Tuesday, June 14, evening, rece;- 
tion at the Old Town Hall, Regent-street, Cheltenham. 
Wednesday, June 15, Town Hall, Oriel-road, Cheltenham. 
9.15 a.m., annual general meeting and Edward Williams 
Lecture on “ Metal Founding Through the Ages,” by 
Professor Hugh O’Neill. 2.30 p.m., various papers and 
discussions at two simultaneous sessions. 7.30 p.m., 
annual dinner. Thursday, June 16, 9.30 a.m. and 2.15 
p.m., various papers and discussions at two simultaneous 
sessions, morning and afternoon. Friday, June 17, 
various all-day visits. For programme, see page 342, 
ante. 

INSTITUTION OF PRODUCTION ENGINEERS.—-W olver- 
hampton Graduate Section: Tuesday, June 14, 7.15 p.m., 
Wolverhampton and Staffordshire Technical College, 
Wolverhampton. Aluminium Development Association 
film on “ Aluminium Alloys and Their Fabrication.” 

Royal METEOROLOGICAL SocrETy.—Wednesday, June 
15, 5 p.m., 49, Cromwell-road, South Kensington, 8.W.7. 
(i) “ The Dissipation of Scattered and Broken Cloud,” by 
Dr. B. W. Hewson. (ii) “ Synoptic Applications of the 
Frontal Contour Chart: the Motion of Selected Laws, 
November 5 to 7, 1946,” by Mr. A. M. Crocker. 

INCORPORATED PLANT ENGINEERS.—Western Branch : 
Wednesday, June 15, 7.15 p.m., Grand Hotel, Bristol. 
Discussion on “ Routine Inspection and Maintenance of 
Industrial Refrigeration Plant.” Liverpool and North 
Wales Branch: Thursday, June 16, 7:30 p.m., Liverpool 
Engineering Society, 9, The Temple, 24, Dale-street, 
Liverpool. “The Design and Construction of Welded 
Pressure Vessels,” by Mr. J. R. Dodd. 

INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, June 16, 5 p.m., The Geological Society, Burlington 
House, Piccadilly, W.1. Discussion on “ The Practical 
Post-Graduate Training of Mining Engineers.” 

INSTITUTE OF INDUSTRIAL SUPERVISORS.—Smethwick 
Section: Thursday, June 16, 7 p.m., Chance Technical 
College, Crocketts-lane, Smethwick. Brains Trust Meet- 
ing. 

ELECTRODEPOSITORS’ TECHNICAL SocteTy.—Monday, 
June 20, 5.30 p.m., Northampton Polytechnic, St. John- 
street, Clerkenwell, E.C.1. ‘“‘ Tank Linings and Insulat- 
ing Materials,” by Mr. V. Evans. 


IRON AND STEEL INSTITUTE.—Iron and Steel Engineers’ 
Group: Wednesday, June 22, 4, Grosvenor-gardens, 
Westminster, 8.W.1. 10 a.m., “‘ Continuous Steel Strip 
Pickling,” by Mr. R. W. Treasure. 11.30 a.m., “ The 
Disposal of Spent Acid Pickling Liquor,” by Mr. W. B. 
Wragge. 2 p.m., “‘ The Design and Operation of Anneal- 
ing Plant for Mild-Steel Sheets and Coils,” by Mr. R. D. 
Pollard, Mr. H. Edwards, Mr. J. F. R. Jones and Mr. 
J. Bromley-Davies. 





CONTRACTS. 


MeEssrs. MARCONI’S WIRELESS TELEGRAPH COMPANY, 
Lmwrep, Marconi House, Chelmsford, have received an 
order from Cable and Wireless Limited, for a 2-kW 
medium-wave broadcasting transmitter for the Indian 
programmes of the broadcasting service in Nairobi. 
The transmitter will have a frequency range of from 
550 to 1,650 kilocycles per second. 

Messrs. THE HUNSLET ENGINE CoMPANY, LIMITED, 
Jack-lane, Leeds 10, have received an order for two 
2-8-4 side-tank locomotives for the 2-ft. 6-in. gauge 
Dholpur Railway, Indiv. The cylinders are to measure 
12 in. by 18 in., the wheels 33 in. in diameter, and the 
boiler pressure 175 Ib. per square inch. The estimated 
weight of the locomotive, in working order, is 36 tons. 

Messrs. WILLIAM DENNY AND BROTHERS, LIMITED, 
Dumbarton, have received an order from the Railway 
Executive for a new ship for the Portsmouth-Ryde 
service. The vessel, which will replace the P.S. Shanklin, 
will be of twin-screw twin-rudder design, driven by 
geared (direct) Diesel engines. She will thus be similar 
to the Southsea and Brading built by the firm and put 
into the Portsmouth service a few months ago. She will 
have a summer carrying capacity of 1,331, compared 
with 746 in the P.S. Shanklin. It is anticipated that 
the new ship will be available for the summer service of 
1951. 





NATIONAL PACKAGING ExHIBITION.—A National Pack- 
aging Exhibition (the first) is to be held from October 5 
to 15 at the City Hall, Deansgate, Manchester. Further 
particulars are obtainable from the manager, Provincial 
Exhibitions, Limited, whose offices are at the City Hall, 





Deansgate. 
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SCIENTIFIC INFORMATION. 

In our issue of October 8, 1948, under the heading 
of ‘‘ The Presentation and Dissemination of Scientific 
Information,” we discussed at some length the 


green | recommencations adopted at the Royal Society’s 


Scientific Information Conference, held between 
June 21 and July 2 of that year. One of these 
recommendations was that a Standing Committee 
Information Services should be 
constituted ; and among various others, on which 
we commented, was a resolution that there should 
be a committee of editors to ensure “ more active 
co-operation between editors of scientific journals.” 
We pointed out at the time the difficulty of knowing 
just how far the Conference intended these and other 
regulatory activities to extend, in the absence of 
any clear indication of what was meant by the term 
“scientific journal”; and we suggested that, in 
the case of independent publications (and possibly 
the Proceedings of many learned societies) it might 
not be easy to secure the acceptance of any con- 
siderable measure of outside control. Few readers 
of periodicals, scientific or otherwise, who have no 
first-hand experience of the practical side of publish- 
ing, have any conception of the problems which it 
involves ; for example, in “ making up ”—a subject 
on which the Conference expressed certain views 
that were naive in the extreme if they were intended 
to apply to independent periodicals, under the obliga- 
tion to work to a strict timetable and enjoying no 
latitude in the number of pages per issue. 

We have not had the opportunity to study in 
detail the 720-page report of the Conference pro- 
ceedings, but a valuable summary of its principal 
features was presented by Professor Sir Alfred 
Egerton, F.R.S., in the Aldred Lecture which he 
delivered to the Royal Society of Arts on May 18. 
It would be more correct, perhaps, to say that the 
Lecture was largely based on the contents of the 


findings; but as the proposed Royal Society 
Information Services Committee was, in fact, ap- 
pointed in October last, and as Sir Alfred is chair- 
man thereof, the inaccuracy is not material. He is, 
obviously, in the best possible position to interpret 


2 | the spirit as well as the letter of the Conference 


discussions. This he did in the Lecture, which 
deserves to be studied attentively by all who are 
concerned with the presentation of scientific informa- 
tion, and by those likely to require it. Sir Alfred 
mentioned, incidentally, that the Conference has 
stimulated scientific societies and libraries to review 
their existing practices, and that many of them—not 
only in this country—have taken steps to improve 
their services along the lines recommended. 

The opening paragraph of the Lecture was short, 
but arresting: “It has been estimated that about 
a million scientific papers of one kind or another 
are published every year. The number is increas- 
ing.” The cynic might suggest, and quite probably 
he would be right, that not more than 10 per cent. 
are of even temporary utility except as advertising 
their authors’ existence, and that not even 1 per 
cent. will be valued and studied a decade hence ; 
but their value or otherwise hardly affects at all 
the labours of those who, in Sir Alfred’s words, have 
to collect, classify, code, store and, when required, 
issue them to inquirers and possible beneficiaries. 
Even the most experienced of librarians cannot 
decide with certainty, over more than a limited 


546 | field, what is worth filing and what may be safely 


rejected at the outset; the value of any given 
paper is a matter which can only be decided by the 
user in the light of his personal requirements. Nor 
is this value a factor which can be measured by the 
number of inquiries for a particular article or 
publication, though it is to be feared that some 
librarians do apply this test as a means of deciding 
what to retain and what to discard. 

Quoting from the report of the Conference, Sir 
Alfred Egerton mentioned the results of a survey 
of the main scientific journals published in the 
British Commonwealth. Seventeen libraries were 
asked to provide lists of 20 periodicals which pub- 
lished mainly original work and which were of 
major importance in each particular field. The 212 
journals thus listed were divided into two sections, 
namely, those covering a general field (an example 
quoted being the Proceedings of the Institution of 
Mechanical Engineers) and those of a more special- 
ised character. The titles numbered 129 in the first 
category and 83 in the second, though it was recog- 
nised that many more might have been included. 
It was considered, however, that these 212 periodi- 
cals covered the greater part of original scientific 
writing, the proportion of which is much less in 
journals not contained in the two lists. Although 
it was noted that, in 1937, there were 36,000 
periodicals devoted to scientific and technical sub- 
jects, according to the World List, and that the 
Union Catalogue of Periodicals in University Libraries 
in the British Isles names about 20,000 more, the 
conclusion was that the progress of current scientific 
knowledge could be followed satisfactorily if the 
important papers appeared in a limited number of 
accessible periodicals and the other sources were 
well searched by the compilers of abstracts and 
indexes. ‘‘It is of importance,” said Sir Alfred, 
presumably voicing the opinions of the Committee, 
“‘that, as far as possible, all new original scientific 
work . . . should appear in the established jour- 
nals, and that new journals should not be created 
without proper consideration as to whether existing 
journals cannot meet the requirement.”” Amplifying 
this expression of opinion, he added that “‘ The multi- 
plication of subsidiary technical journals does not 
really matter—they help to disseminate science ; but 
the multiplication of journals in which are deposited 
the results of original investigations should not be 
encouraged without good reasons.” 

The scientist’s need for scientific information 
were classified by Sir Alfred under four headings. 
First, he said, there was the need to keep abreast 
of contemporary work in his own field and in those 
bordering on it. Secondly, the researcher required 
to have the opportunity to keep himself informed of 
what was going on in other fields. Thirdly, he must 
be able to collect any desired information with a 
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study; and, fourthly, to be able to refer quickly 
to earlier work. The discussions in the Conference 
indicated that the satisfaction of these needs de- 
pended on the improvement of library and docu- 
mentation services ; “‘no other changes in system,” 
said Sir Alfred, ‘‘ would have so great an effect.” 
During the Conference, Professor J. D. Bernal 
described a research which he had undertaken 
into the reading methods of users of scientific 
information, and this was quoted by Sir Alfred 
Egerton in extenso. Professor Bernal found that 
research workers obtained three-quarters of their 
reading matter through libraries, only a small part 
of it being done in journals acquired at their own 
expense ; “it would appear,” he said, “that the 
average research worker skims some nine papers a 
week and reads three carefully.” In 37 per cent. 
of the cases, the paper was read as a result of a 
reference in another paper and only in 18 per cent. 
as a result of seeing an abstract. On the whole, 
scientists in the “‘ applied ’’ fields read fewer papers 
than those of more academic interests and (as might 
have been expected) “ senior workers looked through 
more papers, but read fewer carefully, than junior 
workers.” Particularly interesting was the dis- 
tribution of the articles read; we use the word 
“ articles,” though Professor Berna] said “ papers,” 
as this appears to have been his meaning. He found 
that 2,000 articles studied carefully were read in 
430 different journals, but that one quarter of them 
were found in six journals, half in 30 journals, and 
the last quarter was distributed through some 330 
journals. More foreign than British articles were 
read, the great majority of them being in American 
periodicals ; a result which may reflect the relative 
value of American work but which is at least as 
likely to derive from the linguistic shortcomings of 
the readers. Professor Bernal concluded that, ‘‘ in 
the absence of any rational system of distribution of 
papers by subject, the libraries are the essential 
agents in the distribution of scientific publica- 
tions.” 

A point which was not touched upon in the 
lecture, but which has an important bearing on 
the dissemination of knowledge in this country at the 
present time, and probably in others also, is the 
influence of social conditions on the ability of the 
individual to provide his own store of 
published information. Mr. Douglas Jerrold, in his 
recently published Introduction to the History of 
England, observes that these conditions “ have, in 
less than half a century, destroyed the leisure of the 
class from which the great historians of the past were 
almost exclusively drawn ” and that, “since there 
is to-day no educated class in possession of private 
means, it follows that the writing of history has 
been almost wholly left for more than a generation 
to professional teachers and research workers.” 
The same applies in the fields of science and tech- 
nology. The private individual scientist or engineer 
of to-day has not the means to buy all the books 
and periodicals that he wants ; and, in most cases, 
he could not afford a house large enough to accom- 
modate them. The cost of binding periodicals, for 
many years past, has been more—and is often very 
much more—than the cost of buying them ; nor is 
there in sight any possibility of alleviating these 
real handicaps to individual study and scientific 
enterprise. On thé other hand, and perhaps in part 
as a result of these current obstacles to the spread 
of knowledge, there are certain modern trends of 
some significance in the publishing activities of some 
industrial undertakings. In our “ Books Received ” 
column in last week’s issue of ENGINEERING is listed 
a book translated from the German for, and 
published by, Messrs. High Duty Alloys, Limited ; 
and on June 13 there will be opened, at the Gros- 
venor Hotel, Victoria, S.W.1, an exhibition entirely 
devoted to the technical literature published by 
Imperial Chemical Industries, Limited. An ad- 
vance notice of this exhibition states that new I.C.I. 
publications are being sent to the printers at the 
rate of nearly 800 a year, and that the yearly print- 
ing orders now amount to nearly 2} million copies. 
Such enterprise is to be commended from many 
points of view, but, as Sir Alfred Egerton implied in 
his lecture, the multiplication of sources of original 
material places increased burdens on those who 
must file, catalogue and issue it. 








ENGINEERING EDUCATION 
IN THE UNITED STATES. 


Tue methods whereby those intending to enter 
the engineering profession can obtain the best 
education consistent with the object they have in 
view are, and probably always will be, a matter of 
controversy. Agreement exists neither upon the 
length of the course, nor upon the content of the 
curriculum ; while opinion as to whether theoretical 
or practical training should come first, and the 
relative proportions that the two should assume, 
is equally varied. The natural result is that, 
although there is progress, it is slow; but, as no 
advance can take place before its implications have 
been fully examined, it is also sure. In the end, 
perhaps, fewer mistakes are made in this way than 
would be if enthusiasm, of which there is a good 
deal, were allowed to exercise full sway. Neverthe- 
less, there is good reason why the many factors 
which make up this problem should undergo close 
scrutiny and why all sources of information which 
might lead to a solution should be considered. Much 
interest therefore attaches to a report prepared 
by Mr. H. Lowery, principal of the South-West 
Essex Technical College and School of Art, upon an 
educational visit he paid to the United States, 
especially in so far as this illustrates the ways in 
which British and American systems of technical 
education differ. 

As is well known, a greater percentage of the 
population of the United States receives ‘‘ post high- 
school” education than in this country. In view 
of the urgent need in England for greater facilities 
for higher technological training and research, the 
object of Mr. Lowery’s visit was to study those 
parts of the courses which, it might be expected, 
would be influenced by the intensive methods of 
production employed in transatlantic industry. In 
doing so, of course, Mr. Lowery found it impossible 
to cover the whole ground and therefore he wisely 
decided to concentrate upon the universities. Even 
this proved no small task, since there are at present 
about 1,700 universities and colleges in the United 
States, with somewhere about 2,500,000 students. 
Actually, about 1-5 per cent. of the American 
population receives full-time “ post high-school ” 
education, compared with only 0-2 per cent. in this 
country ; and, contrary to what is sometimes thought 
to be the case, the standard attained is at least 
as high as that in Great Britain. In fact, Mr. 
Lowery is very critical of the argument that the 
large numbers of students in the American univer- 
sities—New York alone has 42,000 and Southern 
California 29,000 students—cause their educational 
standards to be lower than ours. In his view, it is 
more correct to say that American university 
students are not doing the same things as British 
undergraduates. They are living their university 
life in an atmosphere free from that attitude of mind 
which makes an unfavourable and unnecessary dis- 
tinction between practical and academic subjects. 
If there is any difference in this respect between this 
country and America, it is that technological educa- 
tion has the higher status in the latter country and 
is, moreover, regarded as complementary to univer- 
sity education of the purest kind. 

The deductions that may be drawn from this 
statement of the position of technological education 
in the United States are worthy of some elaboration. 
In the first place, the educational standard of 
students entering the universities is probably lower 
than with us. The curriculum is also, some will 
think advantageously, much more general ; in fact, 
initially, there is practically no specialisation. The 
range of subjects studied during the four years full- 
time course for the first degree is therefore wider than 
in this country and includes more practical matters. 
This, however, is no drawback, since there is a con- 
stant demand from industry for recruits holding the 
degrees to which these courses lead; and this 
demand, it seems likely, may be due to some extent 
to the comprehensiveness of the courses the students 
have been undertaking. In this country, though per- 
haps less in engineering than in some other branches 
of science, the tendency has been to specialise too 
early, with results that have received well-known 
ironical comment. It therefore seems clear that 
American experience and practice have something 








to teach us in this matter, if only from the utilitarian 
point of view. 

In undergoing the course of training which leads 
to the first degree, the American student of engineer- 
ing follows what is known as the “ co-operative 
plan.” This was devised by Dean Schneider, pro- 
fessor of engineering at the University of Cincinnati 
over 25 years ago, and has since been extensively 
copied throughout the United States. According to 
this plan the curriculum extends over five years, 
during the first of which the whole of the student’s 
time is occupied with such basic subjects as mathe- 
matics, physics and engineering drawing. i 
the remaining four years he spends three months in 
college and three months in an approved factory, or 
industrial laboratory, alternately. It will be seen, 
therefore, that the plan bears some resemblance to 
the sandwich system, which has long been known 
in this country and has recently shown signs of 
rejuvenation. In fact, the chief differences seem 
to be that the layers of the sandwich are thinner 
than with us, owing to the adoption of a three 
monthly instead of an annual period of alternation, 
and to the fact that each educational institution is 
associated with a much larger number of industrial 
firms than is usual, or even possible, here. 

For instance, the Drexel Institute of Technology, 
Philadelphia, which was one of the earliest bodies to 
adopt the plan, has interchange relationships with 
some 200 firms, covering a very wide range of 
industries. The task of fitting the student into the 
appropriate niche must therefore be greatly facili- 
tated. Another valuable feature of the scheme is 
that each firm employs one or more personnel 
officers, whose only duty is to superintend the activi- 
ties of the students while they are in the factory. 
Moreover, each firm guarantees that students will be 
engaged solely on progressive work in such a way 
that they are able to obtain practical experience_in 
all departments of the manufacturing processes. 
An added attraction must be that students are paid 
at the “ rate for the job” when they are engaged in 
practical work. Great care is taken to select 
students for particular posts and those who prove 
unsuitable are replaced, if necessary, in accordance 
with the tenor of periodical progress reports. 

From these considerations it is clear that the co- 
operative plan has many advantages, particularly 
if the college is careful to stress general principles 
and to provide courses which include a suitable 
mixture of cultural subjects and occupations. The 
period in the factory should, in fact, help to produce 
the realism demanded by experience and that in 
college to bring about a receptivity to new ideas. 
In this connection it is significant that two of the 
largest educational establishments in America—the 
Massachusetts Institute of Technology and the 
California Institute of Technology—although they 
do not utilise the co-operative plan to any great 
extent, are including more and more non-technical 
subjects in their engineering and scientific curricula. 

The success of the scheme is indicated by the 
fact, mentioned by Mr. Lowery, that it is only 
rarely that a student who completes his course does 
not find employment with the firm with whom he has 
been associated. The plan has obviously aroused a 
good deal of interest in America, although we agree 
with Mr. Lowery that it requires a far closer con- 
tact between educationalists and industrialists than 
has been reached, or even contemplated, in this 
country. It is a gallant effort to solve two great 
problems of modern engineering education. These 
are how to combine the theoretical with the prac- 
tical; and how to emphasise the importance of 
fundamental principles, while at the same time 
laying due stress on practical experience. 

Mr. Lowery, who is to be congratulated on a 
useful and interesting report, which we hope will 
receive the attention it deserves, reaches one impor- 
tant general conclusion. It is that really advanced 
work in the training of engineers must be carried 
out in the academic tradition and not in the tradi- 
tion of craftsmanship. It may be deduced from 
this statement that a sharp line of division must be 
drawn between technical and technological training. 
Indeed, it is doubtful, he thinks, whether these two 
forms of training can be undertaken efficiently in one 
institution. If this is so, many ideas on technical 
education in this country will have to be revised. 
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NOTES. 


Tue Honovrs List. 


THE names of engineers and scientists and of 
others in allied fields are included in the King’s 
Birthday Honours List which was published yester- 
day. The Order of Merit has been conferred upon 
Sir Robert Robinson, M.A., LL.D., D.Sc., F.R.S., 
President of the Royal Society. The new Knights 
Bachelor include Mr. James Barr, F.R.I.C.S., senior 
partner, James Barr and Sons, Glasgow ; Mr. John 
Green, J.P., director of Messrs. Thos. Firth and 
John Brown, Limited, and chairman of the Central 
Conference, Engineering and Allied Employers 
National Federation; Mr. J. E. James, chairman, 
Lancashire Steel Corporation, Limited ; Mr. A. E. 
MacColl, M.I.E.E., chief executive officer and deputy 
chairman, North of Scotland Hydro-Electric Board ; 
Lieut.-Comdr. K. R. Swan, O.B.E., K.C., lately 
chairman of the committee set up to consider the 
Patents and Designs Act ; and Professor James A. 
Scott Watson, C.B.E., M.C., D.Sc., chief scientific 
and agricultural adviser, Ministry of Agriculture and 
Fisheries. The list of recipients of the C.B. includes 
the names of Rear-Admiral (E) C. Ellis ; Mr. G. B. 
McCormick, O.B.E., Director of Armament Supply, 
Admiralty, and Mr. W. G. A. Perring, F.R.Ae.S., 
Director, Royal Aircraft Establishment, Farn- 
borough. 


“Roya Soor” Non-Stop Run wirn D1sEseEt- 
Exectric Locomorive. 


win Wednesday, June 1, the two Diesel-electric 
locomotives, Nos. 10000 and 10001, of the London 
Midland Region, British Railways, were coupled 
together to haul the Royal Scot express train 
non-stop from London to Glasgow. The journey 
was undertaken in order to ascertain the capa- 
city of the units for sustained running, and no 
attempt was made to set up new speed records. 
The units were hauling a sixteen-coach train weigh- 
ing 506 tons, which, it is understood, is the heaviest 
train ever to run non-stop between London and 
Glasgow. The total time taken for the journey was 
in accordance with the usual timetable, the maxi- 
mum speed achieved being 73-5 miles an hour, and 
the highest sustained speed, 65 miles an hour for 
20 miles. The minimum speed during the ascent 
of Shap Fell was 33 miles an hour, while the speed 
during the ten-mile climb to Beattock Summit did 
not fall below 324 miles an hour. It is believed that 
these p&rformances are equal to the best achieved 
yet on this run with a train of this weight. After the 
train had arrived at Glasgow, Mr. R. A. Riddles, a 
member of the Railway Executive, stated that the 
time taken for the journey could have been reduced 
by 80 to 90 minutes. As already indicated, the 
locomotive used for the run comprised two single 
units. Each unit is capable of developing 1,600 h.p. 
and they are designed so that they can be coupled 
together to form a unit of 3,200 h.p., which can 
be worked by a single crew. The first unit, No. 
10000, was completed towards the close of 1947 
and was described in ENGINEERING, vol. 166, pages 
392 and 417 (1948). Various trials have been carried 
out since with the two units worked separately and, 
to a lesser extent, as a twin unit. The non-stop 
test run to Glasgow was notable for the high rates 
of acceleration achieved with such a heavy train, 
especially when the locomotives were climbing the 
steep Camden bank, outside Euston, and after 
oceasions when the train had been checked by 
signals. The capital cost of the locomotives, how- 
ever, is much higher than that of a Pacific-type 
steam locomotive, and it is therefore essential to 
take full advantage of the high degree of avail- 
ability which Diesel-electric locomotives offer. 


THe Cou Spring FeperarTIon. 


This year, for the first time, the annual general 
meetings of the Coil Spring Federation and of the 
Federation’s Research Organisation took the form 
of a conference in which the business meetings and 
social events were combined with technical sessions. 
The conference was held from May 27 to 30 at the 
Royal Bath Hotel, Bournemouth, and was presided 
over by Mr. R. Salter Bache. On the evening of the 
first day, Friday, May 27, Dr. J. A. Pope, of the 


University of Sheffield, delivered a lecture in which 
he dealt with surface effects in spring design, the 
factors concerned in the pre-stressing or scragging 
of springs, and the possible directions of application 
of shot peening. Recent work, he stated, indicated 
that the harmful effects of decarburisation were 
associated more with the type of oxidation at the 
extreme surface than with the loss of carbon. 
Surface quality, including that of machined and 
polished specimens, was an important factor in 
fatigue behaviour. Experiments had indicated how 
beneficial surface stresses, induced by shot peening, 
neutralised harmful surface effects. The annual 
general meetings, during which Mr. R. 8. Bache 
was unanimously re-elected President, were held on 
the morning of May 28 and commenced with the 
presidential address, which was followed by a talk 
on “ Co-operative Industrial Research,” by Mr. ©. A. 
Spencer, secretary in charge of research associations, 
Department of Scientific and Industrial Research. 
Both of these addresses laid stress on the importance 
of research to industry and on the desirability of 
establishing, in each industry, a permanent means 
of carrying out suitable scientific development work, 
Reports of the work of the Research Organisation’s 
committee were given by the chairman, Mr. H. 
Singleton, O.B.E., and by Dr. R. Genders, M.B.E. 
the director. It was announced that the committee 
had now issued the Coil Spring Federation Schedule 
of specifications covering carbon-steel spring 
materials. Much direct technical advisory work 
had been carried out during the year and liaison 
had been effected with other technical bodies. The 
morning of May 29 was occupied by a technical 
session during which four lectures were delivered by 
the research staff, namely, “ Spring Steels,” by Mr. 
C. 8. Ball; “Strength of Springs,” by Mr. J. E. 
Andrew ; “ Properties of Spring Wire,” by Mr. J. 
Mickleraith ; and “ Corrosion Protection and Hydro- 
gen Embrittlement,” by Mr. J. 8. Jackson. In 
addition, a lecture on the fatigue testing of large 
springs was given by Mr. F. Gartside, a member of 
the research committee. The arrangements for the 
conference had been made by the secretaries, Messrs. 
Peat, Marwick, Mitchell and Company, 301, Glossop- 
road, Sheffield, 10. 


Survey or THE THameEs) Estuary. 


It is announced that, at the request of the Port 
of London Authority, the Water Pollution Research 
Laboratory of the Department of Scientific and 
Industrial Research have recently begun a detailed 
survey of the River Thames from Teddington to the 
sea. This is a distance of about 60 miles and the 
survey is being undertaken to study the causes and 
investigate the sources of silt in the river, as well 
as to observe the velocities, direction and duration 
of the tidal currents on the ebb and flood at varying 
depths during the neap and spring tides. At the 
same time a scale model of the river, reproducing 
the existing conditions and tidal variations, is being 
constructed by the Hydraulics Research Organisa- 
tion of the Department of Scientific and Industrial 
Research with a view to determining the measures 
required to overcome the excessive siltation which 
occurs in certain reaches. It is hoped that as a 
result it will be possible to reduce the amount of 
dredging which is now necessary to maintain the 
requisite depth of the navigational channels. As 
part of the survey, samples of river water will be 
taken to determine the properties of the silt and its 
distribution in the river by chemical and mechanical 
analysis. A considerable amount of information 
will be collected about fresh water, sewage and 
trade waste discharges into the river from tributaries, 
sewage outfalls, generating stations and industrial 
undertakings, while other questions to be studied 
will be the effect of these discharges on the chemical 
condition of the estuary water and the polluting 
effect of large quantities of waste water. The 
impurity of the Thames has been a matter of concern 
for many years and although it may be recalled 
that inquiries were held three times during the past 
century the last was in 1882. The present survey, 
which it is expected will take at least two years to 
complete, will be carried out by a staff of chemists 
and hydrographers. Their headquarters will be at 
Tilbury, where the Port of London Authority has 








provided a laboratory and a specially equipped 





75-ft. motor launch. In conducting this survey, use 
will be made of the experience gained by the Water 
Pollution Research Laboratory before the war from 
similar work on the Tees and Mersey. 


Centenary oF “THE Gas JOURNAL.” 


In the annals of the technical and trade Press, 
few periodicals have held their place longer than 
has our contemporary, The Gas Journal, which 
claims, in fact, to be the oldest trade paper in the 
world, though this may be open to some friendly 
dispute. Be that as it may, The Journal of Gas 
Lighting (as it was entitled until 1917) has reached 
and now passed its century, and has marked the 
event by the publication of a special commemorative 
issue which deserves to be filed in all libraries con- 
cerned with the progress of technology or with its 
influence upon the world in general. The Journal 
was founded by Thomas Greaves Barlow, a civil 
engineer who had made a special study of gas 
lighting, and the first issue appeared on February 10, 
1849. Originally projected as a quarterly, with 
intermediate supplements, it became a monthly in 
1851 and a weekly in 1874. It was not the first 
periodical in its special sphere, as T. G. Barlow’s 
uncle, George Barlow, edited (and, it would seem, 
financed) The Gas Gazette and Monthly Advertiser 
for eight months in 1847; but he was obliged to 
relinquish it on account of his defective sight, so 
leaving a clear field for the new venture. The story 
of its early progress and subsequent development is 
entertainingly told by Mr. Clifford A. King, chair- 
man and managing director of Messrs. Walter King, 
Limited, the present publishers, and grandson of 
William Boughton King; who joined the staff in 
1856 in the dual capacity of reporter and manager 
of the advertising and publishing department. 
W. B. King’s son, Walter King, who bought up 
the Barlow interest in the business in 1895, is still 
well remembered as an outstanding figure by the 
older members of the gas industry, though he died 
27 years ago, after having controlled the fortunes of 
the paper for some 44 years. Other articles in this 
special issue deal with the technica] progress in 
gas making, the evolution of cooking and other 
appliances, the firms engaged in the industry, the 
trade and technical gas associations, and—not the 
least interesting retros reactions of the 
public, as expressed in the popular Press, which 
seems to have found in the explosive properties of 
gas a welcome addition to the list of stock joke 
material. Incidentally, we see no mention, in this 
connection, of the short-lived humorous weekly 
launched by George Augustus Sala in opposition to 
Punch, which advertised itself with a cartoon of a 
disintegrated Mr. Punch rising Heavenward above 
such an explosion, with the legend, ‘“ Punch 
Blown Up By G.A.S.” ; but its life was very short 
—we believe, a few months only. Now, with the 
industry which it serves entering upon a new era 
under nationalisation, The Gas Journal has done 
more than merely to commemorate its own cen- 
tenary; it has recorded virtually the complete 
story of an application of private enterprise and 
co-partnership which is probably unique in indus- 
trial history. Possibly the bicentenary special issue 
(which, we hope, ENGINEERING may have the 
pleasure of reviewing in due course) may contain a 
chapter recording the supersession of nationalised 
gas production by some modified reintroduction of 
the former system. Meanwhile, we congratulate 
our contemporary not only on the attainment of 
the centenary, but on the manner in which it has 
been marked. 





CONGRESS ON PRESTRESSED CONCRETE, PaRIs.—The 
Cement and Concrete Association, 52, Grosvenor-gardens, 
London, S.W.1, announce that some members of the 
Association’s Prestressed Concrete Development Group 
have been invited to attend a Congress on Prestressed 
Concrete organised by the Association Scientifique de la 
Précontrainte (A.8.P.), Paris, on June 27, 28 and 29. 
Lect and di i are to take place in Paris or 
in the towns where sites or works are visited. Thus 
excursions will be made to inspect bridges, a reservoir 
and other works at Orléans, Rouen and on the outskirts 
of Paris. Meetings in Paris will be held at the Société 
des Ingénieurs Civils de France, 19, Rue Blanche, 
Paris (9e). The headquarters of the A.S.P. are at 
28, Boulevard Raspail, Paris (7e). 
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LETTERS TO THE EDITOR. 


THE METRIC SYSTEM. 
To THE Eprror oF ENGINEERING. 

Sm,—In his letter published in your issue of 
May 27, page 496, Mr. Sarjeant appears to have 
misunderstood entirely the case against the adop- 
tion of the metric system : it is not a question which 
is the better system of weights and measures, the 
British or the metric: they are both bad. That 
the British system is in urgent need of reform goes 
without saying ; but it is no solution of the discom- 
fort of a frying pan to leap out of it into the fire. 
If the cost of rebuilding the system is justified, let 
the new structure be built on a sure foundation and 
not on the metric system which is well known to be 
little better than a makeshift. 

May I again state the reason why that system 
cannot meet the case; the simple factors 3, 4 and 6, 
are essential to the practical man and should appear 
in all units of measurement ; he can make do without 
the 5. The present system of arithmetic, however, 
is based on the factors 2 and 5 only. What is the 
result ? Arithmetic and measurement are forced 
to make use of different units and the control the 
former should have over the latter is lost. Surely 
the logical solution is a system of arithmetic based 
on the factors 3, 4 and 6. Whether this is practic- 
able or not is another matter. 

Mr. Sarjeant refers to three British units from 
which the factor 3 is missing ; this is the exception 
rather than the rule and would not have occurred 
had that factor been included in the base of notation. 
Let us suppose that, some thousands of years ago, 
twelve had been adopted as base in place of ten, 
is it not more than likely that a simple system of 
units based on 10 (twelve) would have grown up— 
10 shillings in the 1/., 10 ounces in the pound avoir- 
dupois, and 10 pints in the gallon? A third (0-4) 
would have been 4 shillings, 4 ounces, or 4 pints, and 


recurring decimals avoided. 
Yours faithfully, 
Orphir House, J. Hatcro JOHNSTON. 
Orkney. 
June 2, 1949. 





FOUNDATIONS FOR MACHINERY. 
To THE Eprror oF ENGINEERING. 


Sir,—While, on page 373 of your issue of April 22, | - 


you agree with our paper to the Institution of 
Mechanical Engineers about the importance of a 
machine and its foundation and ground being out of 
resonance with each other, your article did not agree 
that soil has a natural frequency of its own connected 
with its physical properties, and, unfortunately, 
within the industrial range of about 10 to 40 cycles 
per second. All accepted world authorities now 
agree that any soil has its own natural frequency, 
and that, if a machine is in resonance with it, 
greatly increased maintenance or even failure 
results. You have attacked this information with 
ideas which are not in accord with accepted funda- 
mental phenomena, and also with somewhat mud- 
dled data having little or no connection with our 
subject. 

You use arguments about the small and usually 
deep “body ” stress waves known as longitudinal 
or ‘“‘P” waves, and similar transverse shear or 
“$” waves, whereas the Rayleigh and other waves, 
often 20 times and more larger, are the important 
ones for industrial foundations because they exist 
only within the surface layers in which these founda- 
tions rest. Moreover, steadily reciprocating ma- 
chines initiate Rayleigh, Love, and Lamb waves 
and the recently discovered “coupled” and 
“ gravity ” waves, and do not send out longitudinal 
“P” and transverse “S” waves at all. This can 
be checked by anyone with a proper vibrograph. 

Your first wrong statement is that “there is no 
theoretical ground for expecting certain parts of the 
earth’s crust to have ‘free periods’ of their own.” 
In fact, there is plenty, and we give references in 
the paper to that of Rayleigh, Lamb, Love, Kanai 
and Sezawa, Tschebotarioff, Barkan, Bergstrom, 
Ramspeck, Hertwig, Fruh, Lorenze, Leet, Andrews, 
Duff, Walker, and others ; many more could have 
been mentioned. 








You suggest your belief that interference, or 
building up, by a second “P” or “S” wave, 
reflected from an underlying stratum upon the 
first ““P” or “S” wave, could be mistaken for an 
apparent “free period” of soil. “P” and “S” 
waves reduce by the square of the distance travelled, 
and are never reflected back 100 per cent. by a 
stratum, so that interference build-up is necessarily 
less than twice, and often much less. The amplitude 
build-up during resonance, illustrated in the paper 
by a plotted example at about five times, is much 
greater than could possibly be obtained from two 
waves interfering like this. The “free period” of 
a soil is almost unaffected by the thickness of its 
stratum or by the nature of any underlying stratum, 
and is not altered in any way by interference 
phenomena, which often exist simultaneously, both 
actions being quite unmistakably recognisable by 
their very different size. You have suggested that 
these investigations are based on ground movements 
of the order of one millionth of a millimetre ; our 
paper, on the contrary, is interested only in research 
and its application to practice of vibrations of indus- 
trial amplitude proportions—in some cases, up to a 
tenth of an inch, and even a quarter of an inch— 
so that no objection can be raised on this score. It 
is rather surprising to read that we “ would render 
great service ... by . . . settingout . . . experi- 
mental evidence . . . that ground can oscillate at 
its own particular natural frequency”; this is 
exactly what the paper does. Further, ENGrINEER- 
ING states that, after making our observation of the 
existence of a natural soil frequency, we have made 
“numerous and varied inferences ” from it; these 
can only be the large amount of additional and 
experimental practical information quoted, and 
which demonstrates the existence of the natural soil 
frequency. ENneingrertne should read the text 
accurately and look at the references. 

Your fourth paragraph states that ‘“ Waves 
generated close to the boundary surface, or, less fre- 
quently, those reaching the surface at nearly grazing 
incidence from deeper in the solid, tend to travel 
among the boundary, and are called surface waves. 
These may be either longitudinal or transverse.” This 
is quite wrong; the surface waves are the Love, Lamb, 
Rayleigh, coupled, and gravity waves, and if the 
two body waves, “ P” and “S,” happen to arrive 
at the surface at any place, that does not change 
their type. Later follows the phrase that “ these 
. remarks apply to a disturbance in the interior 
of a medium,” and this confirms our opinion that 
ENGINEERING Only possesses a “ little learning” of 
body waves, and has not realised that “free 
periods ” on the surface is almost entirely a surface- 
wave subject, although much evidence is given in 
the paper. 

The fifth paragraph indicates the same confusion 
in “longitudinal or surface” waves. To those 
whom “experience shows that the shear produced 
is small compared with the compression ” in waves 
from quarry blasting explosions, we must say that 
both are about the same, in stress as well as ampli- 
tude; but the surface Love wave, consisting of 
horizontal cross shear, is much larger than either, 
and can carry a far greater amount of energy, 
while the other surface waves are bigger still. To 
compare, as ENGINEERING has done, only two waves 
produced by quarry blasting and the firing of a 
field gun, when there are seven types of known 
waves produced, leads to no worth-while conclu- 
sions. It is simply not true “that the waves most 
readily detected at relatively large distances from 
an explosion are surface waves, and refracted or 
longitudinal waves”; the shear “S” waves are 
just as easily detected as the longitudinal “P” 
waves, which may be seen on any properly taken 
vibrogram. You say “good [wave] reflection re- 
quires that the distance from the source to the 
reflecting surface shall be much greater than one 
wave length” ; we have to point out that reflection 
and refraction is a property of the surface boundary 
of the two materials and occurs whatever the dis- 
tance the wave first travels from its source, and if 
this distance is only one or two wave lengths, the 
very complex action at and near the boundary 
may or may not be much modified, depending on 
many factors, including the kind of wave. It is 
quite wrong to say that “good” reflection is 








thereby impaired, when it might even be increased. 
In the sixth paragraph of your article, you say 
that short waves of the order of one foot in length 
would not usually be worth troubling about “ by 
reason of the small quantity of energy associated 
with” them; the nearly square-fronted shock 
waves of this length, produced by forging hammers, 
very often smash the foundation because they have 
so much energy, especially if the wave happens to 
be reflected back in tension from some boundary. 
The next few sentences in your article are, unfor- 
tunately, not clear to the authors, who are further 
stated to have “introduced the impact theory due 
to Hertz and Fuchs.” They did not. It is also 
said that they did not mention “ the implied condi- 
tion that the duration of the impact should be a 
large multiple of the gravest free vibration of either 
body ”’; this is a mere quibble, because the defini- 
tion of the word “impulse ” used, and the accom- 
panying diagram, give this meaning without any 
doubt. 

You state that we “have attempted too much 
at the expense of clarity,” but it would be more 
accurate to say that our remark that wave “damp- 
ing is approximately proportional to the velocity ” 
is, unfortunately, over-simplified and cut because of 
current paper restrictions, there being between 
20 and 30 relevant velocities. Unfortunately, you 
have suggested, by quoting only part of a passage, 
that we stated that resonance can occur with a 
solitary impulse and that “surely, (such) a condi- 
tion calls for some explanation.” Surely. 
The writer of your article should read the whole 
context. 

Paragraph eight refers to complications in theor- 
etical stress waves moving in “thin rods”; the 
usual term is “long thin rods,” for this theory, 
which would be impossible if the misprint in the 
paper were true. 

Yours faithfully, 
J. H. A. Crocker. 
and (per pro) R. E. R. Hammonp. 

8, Carlyle-close, 

London, N.2. 

May 22, 1949. 

{Our previous comments on the paper were based 
on statements by the authors themselves; they were 
illustrated by reference to all of the types of waves 
discussed in treatises on the subject, and were not 
restricted to P and S waves. Far from refusing to 
agree “‘ that soil has a natural frequency of its own,” 
we asked for further particulars ; it is not the method 
of science to explain ground oscillating “at its own 
particular natural frequency” before demonstrating 
that the phenomenon actually occurs, and the need 
for evidence is still greater when the matter is described 
as an “important discovery.” Of the ten graphical 
diagrams in the paper, only one exhibits the scale of 
the ordinates, with the result that these convey no 
information on the magnitude of amplitudes, power 
expended, stress, or settlement; Table I gives the 
voliciiy of Rayleigh waves from two sources of refer- 
ence, but none from Mr. Crockett or his colleague, 
though their names are included in the table. We 
suggest that the only admissible reply to our statement, 
on the absence of theoretical grounds for expecti 
“free periods” in the earth’s crust, would the 
disclosure or quotation of confirmatory evidence from 
the works of H. Jeffreys, R. Stoneley, P. Byerly, or 
other seismologists of the present time. The authors 
can remove any doubts which follow from our com- 
ments by providing data from their own investigations 
that will enable the student to take these equally 
seriously, as showing that the phenomenon can take 
place in circumstances likely to be of importance to 
engineers. Such information would inciude a sufficient 
number of cases to substantiate the authors’ generalisa- 
tion on a blem which involves study, in every 
instance, of instrumental records taken on both the 
disturbing agency or machine and the ground, the 
characteristics of the instruments, the distances, and 
particulars of the geology of the locality. Instead of 
such valuable information, the letter contains several 
mis-statements of fact. One relates to the impact 
theory of Hertz and Fuchs, which was introduced on 
page 5 of the paper and even illustrated by a diagram 
(Fig. 5a) after the manner of Love, in his Mathematical 
Theory of Elasticity (page 198, Fig. 15, fourth edition) ; 
another is that “ the ‘free period ’ of a soil is almost 
unaffected by the thickness of its stratum,” which 
contradicts “that the self-frequency of vibration of 
ground is dependent on the thickness of the 
strata,” on pege 3 of the pre. Without the desired 
experimental data, the value of the paper as an original 
contribution still appears questionable.—Ep., E.] 


























JUNE I0, 1949. 


ENGINEERING. 





545 








SUMMER MEETING OF THE 
INSTITUTION OF 
ELECTRICAL ENGINEERS. 


As briefly recorded on page 519, ante, the first 
summer meeting of the Institution of Electrical 
Engineers to take place since the war was held in 
Scotland from Monday, May 30, to Friday, June 3. 
About 330 members and ladies attended (not all 
of whom participated in the whole of the pro- 
ceedings), including the President (Mr. T. G. N. 
Haldane) and a number of past-presidents and 
serving members of the Council, as well as the 
chairman (Mr. J. Gogan) and the joint honorary 
secretaries (Messrs. C. 8. Buyers and H. V. Henni- 
ker) of the Scottish Centre. The programme 
included the inspection of a number of places of 
engineering interest in Edinburgh, of the Tummel- 
Garry and Loch Sloy schemes of the North of 
Scotland Hydro-Electric Board, and of factories in 
the Glasgow area. Generally, the weather was 
perhaps more favourable than could have been 
hoped for, although those who visited the Tummel- 
Garry scheme on Wednesday afternoon had some 
experience of what the Highland climate can be 
like. To organise such a varied programme for so 
many people, especially on the transport side, was 
not altogether easy and although slight hitches 
occurred, much credit for the smooth conduct of the 

ings is due to the honorary officials of the 
Scottish Centre ; and especially to Mr. R. C. Chap- 
man of the headquarters staff of the Institution. 

The i opened on Monday evening, 
May 30, when those attending were given a civic 
reception at the Assembly Rooms, George-street, 
Edinburgh, by Senior Bailie Stewart Nairne, who 
officiated in the unavoidable absence of the Lord 
Provost. 

On Tuesday morning, May 31, alternative visits 
were paid to the Crewe Toll works of Messrs. 
Ferranti, Limited, to the works of Messrs. Bruce 
Peebles and Company, Limited, at East Pilton, 
and to the generating station of the British Elec- 
tricity Authority at Portobello. The Crewe Toll 
works are the third to be opened by the firm since 
it was founded by the late Dr. 8S. Z. de Ferranti 
nearly 60 years ago. The first is, of course, at 
Hollinwood, Lancashire, where large power trans- 
formers, voltage regulators, high-voltage testing 
equipment and meters are manufactured. The 
second was started in 1935 at Moston, Manchester, 
and is tised for the production of measuring instru- 
ments and domestic electric appliances. The Edin- 
burgh factory was completed in 1943, and is engaged 
in the manufacture of gyroscopic gunsights and 
ancillary equipment, as well as of miniature her- 
metically-sealed transformers. The greater part 
of the activities consists, however, of research and 
development, which are carried out in four labora- 
tories. The first of these deals with radio-communi- 
cation problems, especially investigations relating 
to 1,000-megacycle signals. A radar altimator and 
miniature consol navigational receiver are among 
the apparatus that has reached the stage of prac- 
tical trials. The laboratory is favourably placed 
geographically, since equipment can be tested by 
using a rotating aerial on the roof to scan the 
Forth to the north and the hilis to the south, while 
the proximity of Turnhouse aerodrome and Leith 
docks is also an advantage for the same purpose. 

The vacuum physics laboratory at Crewe Toll 
is concerned with special electronic valves and allied 
problems, the work now being undertaken including 
the design of wide-band cells, vacuum capacitors, 
ceramic valves, cold-cathode tubes, magnetrons 
and image-storage tubes. The instrument labora- 
tory deals with many aspects of precision-instru- 
ment engineering, such as the design and develop- 
ment of potentiometers, servo-mechanisms and 
gyroscopes. The work on precision potentiometers 
is being carried out on a Zeiss toroidal winding 
machine, which was procured from Germany and 
modified, so that a mechanical accuracy of spacing 
of the windings of 0-1 per cent. is obtained. The 
applications laboratory not only deals with indus- 
trial electronic problems, but devotes a considerable 
amount of time to such work as frequency-following 
servo-mechanisms, electrical-measuring equipment, 








direct-current amplifiers and «-particle counters. 
In its present form, the direct-current amplifier has 
considerable uses for very accurate temperature 
control as a signal : noise ratio of unity at a direct- 
current input signal level of 10—” watt can be 
obtained on a band width of about 50 cycles. 

The firm of Messrs. Bruce Peebles and Company, 
Limited, was founded in 1866 to manufacture gas 
apparatus and began the production of electrical 
equipment some 30 years later. At the present time, 
the works at East Pilton comprise a rotating-plant 
shop, a transformer shop, and a fabricating shop. 
In the first, plant for the water-power schemes in 
the Highlands is now being manufactured, the 
largest unit having an output of 24 MVA. The 
company have also supplied the generators for the 
North of Scotland Hydro-Electric Board’s stations 
at Lochalsh and Morar, which began operating last 
autumn. An interesting feature of the large squirrel- 
cage motors made by the firm, to which attention 
was called during the visit, is the use of the “ keyed ” 
rotor-bar construction. With this system, the 
rotor bars are positively secured in the slots and 
the windings are thus prevented from vibrating 
during the starting cycle. Interest was also taken 
in a 3,480-ampere 115-volt shock-proof marine type 
motor-generator for the submarine depot ship, 
H.M.S. Wolfe. In the transformer shop, several 
75-MVA units are under construction, in the 
design of which use has been made of recently 
acquired knowledge regarding the effect of high- 
voltage surges on this class of plant. Another 
interesting development is the manufacture and 
successful testing of several three-phase oil-immersed 
magnetically-shielded reactors. These are capable 
of dealing with a power fault of 500 MVA at 33 kV. 

The Portobello station of the British Electricity 
Authority was also inspected on Tuesday morning. 
The first section of this station had an initial capa- 
city of 37-5 MW and was opened by H.M. King 
George V in 1923. It has since been extended on 
three occasions, so that its present capacity is 
149 MW. The whole of this plant is operated at a 
steam pressure of 300 lb. per square inch and tem- 
peratures ranging from 650 to 750 deg. F. As the 
load during recent years progressively increased, 
the engineer was presented with the alternatives of 
reconstructing the station or of building a new 
station at Granton, farther down the coast. Inves- 
tigations showed that the first of these had the 
greater strategic advantages. It was decided 
therefore to replace the three generators and eight 
boilers installed in 1923 by two 60-MW generators, 
each of which will be supplied with steam from a 
single pulverised-fuel fired boiler at a pressure of 
1,350 lb. per square inch and a temperature of 
950 deg. F. Regenerative feed heating at a tem- 
perature of 450 deg. F. will be used to give a thermal 
efficiency of about 30 per cent. One of these 
60-MW sets is now being erected and it is proposed 
eventually to install six modern units in place of the 
existing plant, four of which may be of even larger 
capacity. It is considered that the adoption of the 
single boiler-turbine layout will avoid the duplica- 
tion of much ancillary equipment, so that it should 
be possible to keep the capital cost down to less than 
351. per kilowatt, compared with about 55l. per 
kilowatt for a new station with the same steam con- 
ditions. It is expected that the set now being 
erected will be ready for operation early in 1950 

On the conclusion of these visits the whole party 
were entertained to luncheon by Messrs. Bruce 
Peebles and Company; and in the afternoon left 
Edinburgh for Pitlochry by motor coach, being the 
guests of Messrs. Ferranti, Limited, at Crieff for tea. 

On Wednesday, June 1, the party were given the 
opportunity of inspecting some of the work that is 
being carried out by the North of Scotland Hydro- 
Electric Board to develop the water power in that 
part of Scotland which lies to the north and west of 
a line joining the Firth of Tay to the Firth of Clyde. 
For the purpose of this development, a list of 102 
potential hydro-electric projects, with an estimated 
annual output of 6,274 million kWh, has been pre- 
pared, of which 27 projects, with an installed 
capacity of 811 MW and an annual output of 
2,300 million kWh, are included in a preliminary 
programme. Two of these projects reached the 
stage of operation in December, 1948, and work is 





in progress on schemes at Loch Sloy (130 MW), 
Tummel-Garry (147 MW), Fannich (24 MW), 
Cowal (6 MW), Glen Affric (66 MW), Glen Shira 
(44 MW), as well as on smaller schemes at Glen 
Lussa, Gairloch and Storr Lochs in Skye. 

The Tummel-Garry scheme, which it is hoped 
will be supplying power by the end of the present 
year, consists of three generating stations with a 
total annual output of about 300 million kWh. 
The first of these stations is being erected at Errochty 
at the western end of Loch Tummel and will be 
supplied from a reservoir, which is being formed 
by building a mass-concrete dam, 1,310 ft. long and 
127 ft. high, in Glen Errochty. From this reservoir 
water will be conveyed through a tunnel five miles 
long to the generating station and will operate 
three 25-MW vertical Francis turbines at a gross 
head of 610 ft. The level of Loch Tummel will be 
raised 17 ft. by building a dam 386 ft. long and 
65 ft. high at the eastern end and from this reservoir 
water will be conveyed to the Clunie power station 
through a concrete-lined tunnel of horse-shoe section 
with an equivalent diameter of 22 ft. 6 in. The 
Clunie power station is being equipped with three 
19-MW vertical Francis turbines, which will operate 
under a gross head of 173 ft. and water will be dis- 
charged into a reservoir, which will be formed by 
constructing a dam, 475 ft. long and 54 ft. high, 
across the River Tummel at Pitlochry. The 
Pitlochry power station, which will be equipped 
with two 7-5-MW Kaplan turbines operating under 
a head of 50 ft., will form part of the structure of the 
dam ; and its principal function will be to equalise 
the fluctuating discharge from the Clunie power 
station in the Lower Tummel. 

In connection with this scheme it may be men- 
tioned that between 1930 and 1932 the Grampian 
Electricity Supply Company built a station at Ran- 
noch to utilise the impounded water of Loch Ericht ; 
and a station at Tummel Bridge to utilise the im- 
pounded water of Loch Rannoeh. The water from 
these stations, with additions, will be re-used in the 
Clunie and Pitlochry stations, while the Errochty 
dam will enable water to be transferred from the 
River Garry and its tributaries to Loch Tummel, 
thereby increasing the output of the Clunie 
station. 

On Thursday morning, June 2, the party left 
Pitlochry by road for Glasgow, passing on the way 
the site of the power station of the Lawers scheme 
at Finlarig at the Killin end of Loch Tay. This 
scheme provides for the raising of the level of 
Lochan na Lairige by 90 ft., a dam 1,250 ft. long 
and 130 ft. high, being constructed for this purpose. 
From the reservoir thus formed water will be 
supplied at a head of 1,362 ft. to a generating 
station, in which one 30-MW horizontal Pelton 
wheel will be installed. This station will form one 
of five unattended plants with a total capacity of 
120 MW and an annual output of 370 million kWh 
which will be remotely controlled from Killin. 

After lunch at Arrochar and Tarbet, as guests of 
the North of Scotland Hydro-Electric Board, an 
inspection was made of the generating station and 
dam which form part of the Loch Sloy scheme. 
This scheme, which was the first to be promoted by 
the Board, involves the construction of a dam at 
the mouth of a deep ravine forming the outlet of 
Loch Sloy in the hills to the west of Loch Lomond. 
It has been designed for dealing with peak loads, 
the direct catchment area tapped having the high 
annual rainfall of 115 in. to 120 in. This area is 
relatively small, but water will also be collected 
from an indirect area about four times as large, 
parts of which have an annual rainfall of as much 
as 168 in., by an extensive system of open and 
closed aqueducts. The dam by which this water 
will be impounded is of the concrete buttress type, 
1,160 ft. long by 165 ft. high, and from the reservoir 
thus formed water will be taken through a concrete- 
lined tunnel of horse-shoe section, with an equivalent 
diameter of 16 ft., which has been driven for two 
miles through Ben Vorlich. This tunnel terminates 
in a surge chamber 273 ft. deep, whence the water 
flows down two electrically-welded steel pipes 10 ft. 
in diameter to the power station on the shore of 
Loch Lomond. Shortly before reaching the power 
station, these pipes branch into four 7-ft. pipes, 
from each of which a 32-5 MW vertical-shaft 
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Francis turbine is supplied. The gross head is 
910 ft., but each turbine is designed to give its full 
output at a head of 860 ft. when running at 428 
r.p.m. A 450-MW Pelton-wheel set is also being 
installed for supplying auxiliaries and local needs. 

On Friday, June 3, the party was divided into a 
number of groups for visits to works of engineering 
interest in the neighbourhood of Glasgow. These 
included the Renfrew factories of Messrs. Babcock 
and Wilcox, Limited, where the whole day was 
spent in viewing the manufacture of boilers and 
boiler-house plant, as well as pressure vessels and 
cranes. Recent additions to the Renfrew works 
include a welding shop, 700 ft. long by 60 ft. 6 in. 
wide, which is equipped with the latest fusion- 
welding plant and with a large stress-relieving fur- 
nace capable of dealing with loads of up to 90 tons 
at a time. Mention may also be made of the new 
X-ray department, which is 380 ft. long and 60 ft. 
6 in. wide, and houses a 2,000-kV apparatus, as well 
as three 200-kV to 400-kV units. The 2,000-kV set 
is installed in a special chamber with concrete walls 
3 ft. thick, in order to give complete protection from 
radiation. This equipment is, of course, primarily 
intended for examining the welded seams of boiler 
drums, which are being made in thicknesses up to 
5 in., and pressure vessels which have been made in 
lengths up to 90 ft. and diameters of as much as 
13 ft. 

The steel foundry at Renfrew is specially equipped 
for the manufacture of steel castings, which have to 
withstand high steam pressures and temperatures. 
The melting plant in this foundry consists of three 
electric are furnaces and castings are manufactured 
both in carbon and alloy steels. Linked with all 
this work is a good deal of research, development, 
mechanical testing and chemical analysis, which is 
carried out in specially designed laboratories. These 
are equipped with a number of mechanical testing 
machines, as well as with spectrographic-analysis 
equipment, and are supplied with steam from a 
separate plant which is capable of giving a supply 
at a pressure of 1,500 Ib. per square inch. 

An inspection was also made of the works of 
Messrs. Glenfield and Kennedy, Limited, at Kil- 
marnock, where visitors saw a number of sluice 
gates of various types under construction for the 
control of flood and compensation water and for 
turbine intakes. Valves for the control of water 
in penstocks and turbine inlets were also seen in 
course of construction and particular interest was 
taken in the Kaplan turbines, which are being 
manufactured on behalf of Messrs. Boving and 
Company, Limited, for water-power stations in this 
country and overseas. A number of other types of 
electrically- and manually-operated valves, including 
the firm’s well-known tilting disc reflux valve, were 
on view. A new engineering shop which is approach- 
ing completion was also inspected. This will replace 
a number of separate shops, in which sluice valves, 
’ fire hydrants and cast-steel valves for the oil industry 
are now produced on a repetition basis. It is being 
equipped with new machine tools. The repetition 
foundry of the works is a completely mechanised 
unit in whieh castings for standard valves up to 
12 in. in diameter are produced, while the heavy 
jobbing foundry is used for the production of 
sluice valves up to 72 in. in diameter. Both foun- 
dries are supplied with Meehanite from centrally- 
placed cupolas, the output of finished castings being 
300 tons a week at present. 

The works of the Harland Engineering Company, 
at Alloa, which were visited by another party, have 
recently been extended. In fact, a large water 
turbine erecting bay is still in course of construction. 
Complete hydro-electric plant is now being manu- 
factured and a number of turbines, both for the 
scheme of the North of Scotland Hydro-Electric 
Board and for overseas, were to be seen going 
through the shops. The manufacture of electric 
motors, especially those of the two-pole submersible 
type up to 120 h.p. and of the four-pole type up to 
600 h.p., was also demonstrated, as was the firm’s 
well-known sectional electric system for paper- 
making machines. 

The meeting concluded on Friday evening with a 
civic reception in the City Chambers, at which the 
guests were received by the Lord Provost of Glasgow 
(Mr. Victor Warren). 


SUMMER MEETING OF THE 
INSTITUTION OF 
MECHANICAL ENGINEERS. 


(Concluded from page 520.) 


Arter the general meeting of the Institution on 
Tuesday morning, May 31, at which Mr. F. H. 
Bramwell presented his paper (a brief summary 
of which was given on page 520, ante), the visits 
to works and other places of interest commenced 
in the afternoon. Some 38 visits had been ar- 
ranged for the three days of the Summer Meeting. 
On Tuesday, the establishments visited included 
the Clarence Dock Power Station, the Gladstone 
Dock and radar tower of the Mersey Docks and 
Harbour Board, the shipbuilding and engineering 
works of Messrs. Cammell Laird and Company, 
Limited, at Birkenhead, and a number of works 
engaged on the manufacture of automatic tele- 
phone and signalling apparatus ; newsprint ; elec- 
tric cables; labels, cartons, wrappers and bags ; 
rubber tyres, tubes, belting, etc.; transformers, 
switchgear, refrigerators, etc.; Diesel engines ; 
hosiery ; and mechanical toys. A cruise on the 
Mersey in the tender Galatea was arranged for the 
ladies. On Tuesday evening, a reception, followed 
by a dance, was held in the Town Hall, by invitation 
of the Lord Mayor and Lady Mayoress of Liverpool 
(Alderman and Mrs. J. J. Cleary). 

On Wednesday, members had a choice of attend- 
irg either a morning meeting arranged by the 
Automobile Division, with an afternoon visit to the 
Thornton Research Centre of the “ Shell ” Refining 
and Marketing Company, Limited, or one of a series 
of whole-day visits to works. At the Automobile 
Division meeting, Dr. C. G. Williams, B.Sc., 
M.I.Mech.E., presented a paper entitled ‘“ Fuel 
Anti-Knock Requirements of Automobile Engines.” 
Of three principal methods, mentioned by Dr. 
Williams, for improving the efficiency of the con- 
version of heat energy into useful work in an auto- 
mobile engine, his paper deals with one, namely, 
increasing the basic thermodynamic efficiency by 
utilising the highest possible compression ratio— 
a method which brings in the limiting factor of 
engine “knock” or detonation. Following the 
work of Ricardo, Pye, and others (the author 
states), research on the nature of knock during the 
past ten years has done little more than fill in 
certain details in the accepted theory that knock is 
associated with self-ignition of the “end gas,” i.e., 
the last part of the charge to burn. Recent work 
has shown that this self-ignition occurs under 
certain critical conditions of temperature and pres- 
sure, and is attributable to pre-flame reactions 
giving rise, notably, to a critical concentration of 
peroxides which “ trigger” the ignition of the end 
gas. This affords direct experimental evidence that 
knock involves “low-temperature ’’ combustion of 
hydrocarbon fuels, as was suggested by Townend 
and others. There is, therefore, a race between 
normal flame propagation and the building up of 
peroxides in the end gas. Recent work has shown 
that the explosion of this end gas gives rise to 
detonation waves. There is an associated heat 
transfer effect which is due, apparently, to the 
scavenging of the boundary layer of gas which 
normally helps to protect the piston thermally. 
The damage caused by this momentarily increased 
heat transfer rises rapidly with mean effective 
pressure, and may become very serious with high- 
output aviation engines. 

With regard to the conditions which produce 
knock, attempts have been made to rationalise the 
effects of the basic variables, namely, pressure, 
density and temperature. The results of this work 
are briefly mentioned in the paper, as also are war- 
time developments to increase the ‘‘ knock-limited ” 
power of aircraft’ engines. The supply of great 
quantities of aviation petrol (mostly 100 octane), 
was due largely to the efforts of the United States 
oil industry which rapidly installed suitable plant. 
Since the war, normal petrol in the United States 
has been of much higher anti-knock quality than 
petrol in this country, where the problem has been 
to maintain quantity rather than quality. It has 





been decided therefore that the greater part of the 


fuel, both petrol and Diesel, for future consumption 
in the United Kingdom, must be produced from 
refineries in this country, one of which is now under 
construction on Merseyside. The new refineries will 
take advantage of recent developments in refining 
processes, the most important of which is catalytic 
cracking—a process that produces petrol which is 
superior to thermally-cracked petrol. Dr. Williams’s 
paper reviews the methods of ascertaining the fuel 
anti-knock requirement of an engine, and of measur- 
ing the anti-knock performance of a given fuel. 
(There is no absolute measure of the anti-knock 
property of a fuel.) Regarding compression ratios, 
the author believes that for automobile engines it 
would probably be preferable to overcome the 
difficulties of designing a small high-speed Diesel 
engine rather than develop petrol engines with 
very high compression ratios requiring expensive 
synthetic fuels. Since the octane-value require- 
ment of an engine decreases rapidly as the load is 
reduced, two methods of taking advantage of this 
are discussed, preference being expressed for the 
method whereby anti-detonant fuel is injected under 
full-throttle conditions. The differing require- 
ments of overhead-valve engines and side-valve 
engines, the influence of carburettor and inlet- 
manifold design, and the possibilities of individual 
injection to cylinders as a method of reducing octane 
requirements through an improvement in mixture 
distribution, are also discussed briefly. Dr. Wil- 
liams concludes that the subject of his paper is 
extremely complex and demands close co-operation 
between engine designers and fuel refiners. 

The whole-day visits on Wednesday were to the 
soap works of Lever Brothers, Port Sunlight, the 
Stork margarine works at Bromborough, the Mersey 
Dock and Harbour Board’s sand pump dredgers, and 
the Preston works of the English Electric Company, 
Limited, where electric and Diesel-electric loco- 
motives, railcars and motor coaches, Diesel engines, 
domestic electrical appliances and aircraft are built. 
A flying demonstration of the Vampire jet-pro- 
pelled fighter was given. 

The summer-meeting dinner was held in the 
St. George’s Hall, Liverpool, on Wednesday, June 1, 
with the President, Dr. H. J. Gough, C.B., F.R.S., 
in the chair. The toast of “ The City and Commerce 
of Liverpool” was proposed by Professor Andrew 
Robertson, D.Sc., F.R.S., a past-president of the 
Institution. He recounted the growth of the city 
from the time when Daniel Defoe saw ‘in it the 
makings of the “ Bristol of the North,” referring 
especially to the part played by engineers. The 
early docks had been followed by canals, railways, 
great sea-going ships, improved roads, and more 
recently the Mersey Tunnel. The University had 
grown in a comparatively short time, and now had 
3,725 students, with a department of engineering, 
to the success of which numerous benefactors in 
Merseyside had contributed. The City had pioneered 
in architecture and in the advancement of public 
health. Throughout its history, difficulties and 
competition had had to be faced, in the shape of 
the Manchester Ship Canal, the development of the 
Port of Southampton for transatlantic services, 
the more recent closing of the Cotton Exchange, 
and the war destruction which, however, pre- 
sented opportunities for reconstruction. The Lord 
Mayor of Liverpool, Alderman J. J. Cleary, J.P., 
responding to the toast, said that the citizens of 
Liverpool did not dwell mournfully on the war 
damage, but accepted the challenge of reconstruc- 
tion. The development of the City’s three great 
trading estates indicated the willingness of indus- 
trialists to come to Liverpool, and the builcing of 
the Cathedral showed that the citizens were con- 
cerned not only with material issues. Mr. Lawrence 
D. Holt, J.P., who also responded to the toast, 
recalled some memories of the commercial life of 
the City. The President, proposing the toast of 
the guests, gratefully acknowledged the hospitality 
and work of all those who had contributed towards 
the success of the meeting, particularly the Lord 
Mayor, the members of the executive committee of 
the reception committee, and the firms who had 
acted as hosts to visiting members and their ladies. 
Sir John Hobhouse, M.C., J.P., President of the 





Council of the University of Liverpool, replied to 
the toast. Referring to the Faculty of Engineering, 








ees ii 


— iow eh O. OD et et oe A 


« <- dd mm ce 2 eck, bot ee Oe eee ee ee. 2a 








JUNE I0, 1949. 


ENGINEERING. 





547 














he recalled the work.of the late Dr. H. 8. Hele-Shaw 
and subsequent professors. Mr. G. A. 8. Nairn, 
also replied to the toast of the guests. 

Thursday, the last day of the summer meeting, 
was devoted to visits to works in the morning and 
afternoon, and a Conversazione held in the Univer- 
sity of Liverpool in the evening. The visits were to 
Liverpool Observatory and Tidal Institute at 
Birkenhead, to the City of Chester, a steelworks, 
an oil refinery, a steel-fabrication works, ships in 
dock, and a colliery, and to factories for the manu- 
facture of rayon yarns, biscuits, penicillin, tablet- 
pressing machines, safes, chemizals, commercial 
motor vehicles, glass bottles and steam and Diesel 
locomotives. The Conversazione on Thursday 
evening was given by the North-Western Branch 
Committee of the Institution. The guests were 
received by Professor W. J. Kearton, D.Eng., 
M.I.Mech.E., chairman of the Branch, and Mrs. 
Kearton, and by Sir John Hobhouse, M.C., J.P., 
President of the University Council, and Lady 
Hobhouse. The reception took place in the Tate |* 
Hall, Victoria Building, where some of the guests 
joined{in dancing. The engineering. laboratories 
and the electrotechnics and electronics depart- 
ments were open for inspection; much of the 
apparatus was shown in use. In the physics depart- 
ment, a party of guests was shown the Cyclotron, 
after what the programme called “ a short explana- 
tory talk” by Dr. J. Rotblat. In truth, however, 
it was a memorably lucid exposition, which, although 
it did not, and could not, answer all the questions 
that might have been asked, showed that even the 
most advanced branches of science are amenable, 
in essentials, to a common sense approach. 

The Walker engineering laboratory, which was 
opened in 1889, houses a number of steam engines 
and turbines, and machines for tension, compres- 
sion, torsion, hardness and impact tests. Electrical 
resistance strain gauges were shown in use. In 
the lecture theatre, demonstrations were given 
of Professor Hele-Shaw’s classic experiments on 
streamline flow. The behaviour of water flowing 
past and around a small block (in the shape of a 
ship’s hull), which is placed between two parallel 
glass plates, is observed by projecting the image 
on to a screen while air bubbles are allowed to 
flow in the water. The boundary layer, of perfectly 
uniform flow, is indicated on the screen by a narrow 
band of light around the block, and is demonstrated 
more specifically by injecting streams of coloured 
liquid into a thin flow of water between two closely 
spaced glass plates—the individual coloured streams 
remaining separate although the liquid is required 
to flow through a narrow gap. The museum in the 
Walker laboratory contains an early Parsons turbine 
(1886) and several other exhibits of interest. 

Apparatus in the Harrison-Hughes engineering 
laboratory included gas, oil and petrol engines, com- 
pressors, centrifugal pumps and a water turbine ; 
a demonstration of the use of a Farnborough 
R.A.E. indicator on a National oil engine was given, 
and apparatus for research on flow over a broad- 
crested weir with a right-angled entry was on view. 
Steam boilers and oil-firing equipment, gas pro- 
ducers, and apparatus for research on the flow of 
air through nozzles, were shown in the boiler house. 
A wind tunnel was arranged for research on the 
flow of air past turbine blades, and there were also a 
CO, refrigerating plant, and apparatus for Wéhler 
fatigue tests, vibration experiments with strobo- 
scopic illumination, and for research on velocity 
distribution with free jets, impulse torsion, and 
out-of-phase combined bending and torsion. In the 
electronics department, mention may be made of a 
1,000,000-volt impulse generator and 300-kV trans- 
former, equipments for research on the dielectric 
strength of gases and on the “ mechanism ” of the 
electric spark, and a high-current impulse generator 
yielding current surges of short duration, with a 
peak value of more than 500,000 amperes. 

The summer meeting was attended by 388 mem- 
bers of the Institution, with 168 ladies. A member 
ean attend no more than a few of the many visits 
to works; nevertheless, the visits are invariably 
instructive and entertaining, and it would seem to 
be a matter for regret that only about 1-3 per cent. 
of the members of the Institution were able to be 


present. 


THE INSTITUTION OF WATER 
ENGINEERS : PRESIDENTIAL 
ADDRESS.* 


By J. N. Woop, M.C., M.L.C.E. 


Writrnc a presidential address does not become 
easier as the years go by, for the ground has been 
covered by so many predecessors. It seems appropriate, 
therefore, on this occasion to break away from the 
almost traditional consideration of the past or the 

t, and to set down some ideas on developments 
that I personally would like to see in waterworks 
matters. 

A revision of the Reservoirs (Safety Provisions) Act, 
1930, in my opinion, is long overdue. The purpose of 
this Act was to ensure that all new reservoirs over 
5,000,000 gallons in capacity should be designed and 
constructed, and all existing reservoirs inspected at 
least every ten years, by qualified ineers. The 
reports of the engineers are available for inspection 
by the public, and their recommendations must be 
carried out. The of State for the Home 
= ment, in conjunction with the Minister of Health 

the Department of Health for Scotland, is respon- 
sible for the appointment of engineers to the various 
panels. y there were two panels: one of 
engineers qualified to design, construct and inspect 
reservoirs, and to act as referees in cases of dispute ; 
the other of engineers qualified to inspect and report on 
reservoirs that came within the scope of the Act. 

In 1947 the Home Office revised this arrangement, 
and established four panels. Panel No. 1 consists of 
engineers qualified to design, construct, alter, inspect 
and report on all reservoirs and to act as referees. 
Panels Nos. 2, 3 and 4 consist of engineers qualified 
to design, construct, alter, inspect and report on certain 
restricted sizes or classes of reservoirs. 

The operation of this Act, which has now been in 
force for 18 years, cannot be said to be completely 
satisfactory. Cases are known where reservoirs that 
should have been inspected have not been ins 
and reported on under the provisions of the Act, also 
cases where the recommendations of the inspecting 
engineers have not been carried out. I believe that 
the registers required to be filled up by the undertakers 
are often perfunctorily kept; in any case, the forms 
are in need of drastic alteration to be of real value. 

There is no machinery in the Act for ensuring that 
the first and subsequent inspections are made. An 
undertaker may fail to take any action, perhaps in 
ignorance, but an engineer knowing of such a case 
cannot draw attention to it without ing to 
solicit a fee. This disregard of the law ool disappear 
if, by an amendment of the Act, it were laid down that 
copies of all statutory reports were required to be 
registered at the Home Office. After a reasonable 
time the Home Office should be required to ascertain 
whether the recommendations of the inspecting 
engineer had been carried out. If the required work 
had not been done, appropriate action should be set in 
motion under Section 5 of the Act or otherwise. 

Subsidence caused by mining also does not seem to 
have been contemplated in the Act, although there are 
provisions that any settlements observed must be 
recorded and reported by the engineer. I know of 
several instances where, both before and after the Act 
came into force, coal has been removed beneath the 
embankments of reservoirs of moderate size, in some 
cases under proper supervision, but, in others, without 
any precautions. The Act places the responsibility 
for ing out a recommendation wholly upon the 
undertaker. If consulted before mining an 
engineer might recommend that the working should 
or — not proceed in a certain manner or that a 
me ar should remain unworked to support the dam. 

he undertaker is apparently left with the onerous task 
of securing the compliance of the mining authorities. 

As chairman of the Corrosion Research Group, 
which has now been operating for the past three years, 
I have been impressed with the great need for the 
invention or discovery of some material which will 
resist corrosion in all its forms and yet be sufficiently 
strong and as workable as cast iron or steel. That the 
ase is acute, especially in certain areas, is shown 

the recent setting-up by the Minister of Health of a 
ental Committee to study the extent to which 

there is evidence of early deterioration of cast and 
spun iron pipes, the causes of any such deterioration, 
and the measures that should be taken to prevent it. 
Is plastics the answer to this? Having used polythene 
pipes of small diameter for the two 
chemical pipe-runs at one of the Sheffield filter stations, 
I am inclined to expect their ultimate development in 
larger sizes. Only prolo: test will prove the worth 
of this material, but the evidence so far seems to indicate 
that the next great advance in ver engineering will 


be in the development of 
Another dev ent t tlal should welcome is the 
installation of pod etd ms between the more 











* Delivered at Sheffield on June 8, 1949. Abridged. 





distant stations of a water undertaking, especially 

those which are difficult of access and in exposed 
positions, as is done, I understand, in the United States. 
Even in the West Riding, some of us have had experience 
of the difficulty of maintaining contact, in time of 
heavy snow, or flood, or gale, with personnel in charge 
of reservoirs, and other head works only a few miles 
away. Overhead telephone lines inevitably break 
down, roads are blocked, and contact with the head 
works is lost, sometimes for considerable periods and 
at critical times when it may be necessary for steps to 
be taken in the interests of supply or of safety. The 
laying of underground telephone cables over such long 
distances would be very expensive. In appropriate 
cases advantage might well be taken of the radio 
facilities that are now available. 





RESEARCH IN THE BUILDING 
INDUSTRY. 


In an address to the British Cast Concrete Federation 
at the annual meeting and luncheon which were held 
on May 18, at the Waldorf Hotel, Aldwych, London, 
Mr. R. Fitzmaurice, deputy chief scientific adviser to 
the Ministry of Works, spoke of the value of research 
to the industry represented by the Federation. He 
said he knew, from his experience at the Building 
Research Station, that the industry had always been 
ready to benefit from the results of research. The 
building industry as a whole, however, was a very old 
industry to which it was difficult to “sell” scientific 
research. It was argued that building practice had 
been carried on perfectly well for centuries without 
it, but modern buildings demanded a high degree of 
engineering s 
The type of research being undertaken at the Ministry 
of Works at the present time was of a rather different 
order from previous work. In the past, for example, 
the Building Research Station had dealt with certain 
aspects of the technology of concrete construction from 
the point of view of the physical and chemical attri- 
butes of the materials. At the present time, however, 
the Ministry was attempting to apply research to the 
problems of the production of concrete products of 
one kind and another. There was, at the present time, 
a tremendous rate of change in the industry, which was 
being ——_ from a “ back-yard” industry to one 
that was fully mechanised. The Ministry was helping 
by applying the methods of “ operational research ” 
which were developed during the war. If a firm 
wished to change its technique it was the business of 
the Ministry to measure the effects of the change and 
to separate the variables. Ordinary statistical methods 
were used; although they were highly mathematical, 
they were, in fact, only applied common sense. 

The market for concrete products, he believed, had 
not yet been fully exploited in this country. The use 
of pre-cast concrete windows for industrial buildings, 
for example, had not been developed on the same 
scale in this country as in Holland and France. Con- 
crete was more suitable than metal for many standard 
articles because it was extremely resistant to corrosion 
under industrial conditions, and maintenance costs 
were therefore lower. If the change to concrete was 
to be successful, however, quality control had to be of 
a high order. It was extraordi what little was 
known about many of the vital problems affecting the 
control of concrete me ae Practically nothing was 
known about the fundamentals of the. vibration of 
concrete, for example. The process was of considerable 
importance, but there was no precise information on 
optimum frequencies and amplitudes. Similarly, there 
were many methods of controlling the water content 
of a concrete mix, but in practice it depended on the 
judgment of the man on the mixer. The appliances 
which had been devised for this purpose were too 
complicated. With regard to "nappa gsm concrete 
products, it was not a new idea by any means, but it 
was undergoing rapid development at the present 
time. The had to be mechanised and carefully 
controlled. If properly used, pre-stressed concrete 
would produce a cheaper building component than 
timber. There had not previously been a cheaper 
material for these purposes than timber, and it was 
therefore a very important development. 





TmaL MODEL FOR HypDRO-ELEcTRIC SCHEMES.— 
Various ways of harnessing tidal power for the generation 
of electrical energy are demonstrated in a tidal model, 
to be shown by Messrs. Enfield Cables, Limited, Victoria 


in | House, Southampton-row, London, W.C.1, at the British 


Electrical Power Convention, which opens at Torquay on 
June 13. The model is of an area in the Western Highlands 
of Scotland, with part of the Island of Skye, Sleat Sound, 
and the adjoining lochs. Partitions are arranged to 
simulate dams, and the rise and fall of the water, once 
every three minutes, is made to drive small wheels 
representing water-turbines. The schemes demonstrated, 
include single- and ebb-tide working as proposed for the 
Severn Barrage, and a two-basin scheme, in which one 








basin is kept as full and the other as empty as possible. 
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ANNUALS AND REFERENCE BOOKS. 


Appendiz to 8 Register Book, 1949.—In addition 
to the masses information contained in Lloyd’s 
Register Book, relating to individual ships of all nationali- 
ties, there are many other items, of interest to ship- 
builders, owners and repairers, which come into the 
possession of Lloyd’s Register of Shipping, and which 
it is convenien' Se ee remee Oone - 
sented. This is the function of the volume pa yl 
an my pr to Lloyd’s Register Book at the subscription 
rate of three guineas per copy. Among other data, it 
contains a list of of names of ships and of 
vessels having compound names ; lists of shipbuilders 
and marine-engine builders, showing the ships built 
by them which are still in existence; a detailed list 
oF docks and slipways throughout the world, and of 
wet docks and harbours; statistical tables, and lists 
of the faster t: of ships, arranged in order of their 
speeds ; lists of steamers and motorships, i 
to their nationality and tonnage ; 
dresses of individuals and firms coi 
ping, marine insurance companies, trade associations, 
etc., throughout the world; tables of the deadweight 
and cubic capacities of steamers and motorships ; and 
lists of designed to carry petroleum and other 
liquid cargoes in bulk. The Appendix is obtainable, 
at the price stated above, from Lloyd’s Register of 
Shipping, 71, Fenchurch-street, London, E.C.3. 

British Journal Photographic Almanac.—As has been 
the case with previous editions, the 1949 issue of The 
British Journal P. ic Almanac, now in its 
90th of publication, contains a great deal of 
information of interest and value to the essional 
photographer as well as to his amateur co e. In 
addition to special articles, on architect record 

hotography, film-strip luction, the photography of 

irds on the wing, and other subjects, the Almanac 
contains chapters and sections on such matters as 
formulae and for the development of negatives 
and prints, colour photography, document copying, 
optical calculations and lens data, h ‘ocal distance 
and depth of field, the storage of celluloid, tables of 
weights and measures, and particulars concerning 
copyright and reproduction regulations and other 
matters of trade or commercial interest. As in former 


editions, a series of photogravure reproductions of 


modern work by ae exhibitors is included, and 
new goods in the field ye apparatus and 
materials are reviewed. e Almanac is edited by 


Mr. A. J. Dalladay and copies, price 5s. net, in paper- 
board covers, and 7s. 6d. net, cloth bound, may be 
obtained from the publishers, Messrs. Henry Greenwood 
and Company, Limited, 24, Wellington-street, London, 
W.C.2. 

The Glass Buyers’ Guide.—The second edition, that 
for 1949, of The Glass Buyers’ Guide has recently come 
to hand. Its main sections comprise a list of members 
of the Glass Manufacturers’ Federation and their main 
products, lists of associations and newspapers con- 
nected with the glass industry, and a list of firms in the 
Electric Light Fittings Export G and their ad- 
dresses. Other sections consist of li of British 
Commercial Diplomatic Officers, Trade Commissioners 
and Imperial Trade Co: mdents and Chambers of 
Commerce overseas, and of foreign Embassies, Legations 
and Consulates-General in London. There is also a 
foreword by Colonel C. E. Ponsonby, M.P., Presidext, 
Glass Manufacturers’ Federation and an article en- 
titled “ Exactly What the Buyer Wants,” by Lt.- 
Colonel H. A. P. Disney, Director and Secretary of the 
British Export Trade Research Organisation. Dis- 
tributed throughout the brochure, which contains 32 
pages, are reproductions of photographs of typical 
examples of the British glass manufacturers’ art. The 
Guide is issued, price 3s. 6d., by the Du Mont Publishing 
Company, Limited, 123, Pall Mall, London, 8.W.1. 





STANDARD RANGE OF “ WRAPPED” BusHES.—The 
range of standard “ wrapped ” bearing bushes marketed 
by the Glacier Metal Company, Limited, Alperton, 
Wembley, Middlesex, has been extended, and now 
covers bushes from -in. to 3-in. bore. The bearings are 
of steel lined with lead-bronze, and are made in 198 
English sizes, and in 127 metric sizes from 10 mm. to 
58 mm. bore. 


ELECTRICITY TARIFFS IN SCOTLAND.—The North of 
Scotland Hydro-Electric Board are to modify the elec- 
tricity tariff for domestic consumers in Morar, Loch- 
carron, Skye and the Fort William area during the two 
quarterly meter reading periods ending in December- 
January, 1949, and March-April, 1950. After nine 
“primary ” kilowatt-hours per room per quarter have 
been charged at 54d. per kilowatt-hour, nine times the 
number of such primary units will be charged at 1d. per 
kilowatt-hour, a further nine times that number of units 
at 4d. per kilowatt-hour and the remainder at 4d. per 
kilowatt-hour. 


LABOUR NOTES. 


Sm Srarrorp Cripps has repeated his warnings 
about Britain’s grave economic position. On Tuesday, 
he told the 1,500 delegates to the annual conference of 
the Labour Party at Blackpool that, after four hard, 
struggling years, climbing slowly uphill, we had by 
no means reached the top. After stating that the pur- 
chase tax could be cut only if a new tax of equal amount 
were imposed, or by sacrificing some of the existing social 
services, such as pensions or health-insurance benefits, 
the Chancellor said that, put in its proper perspective, 
there was a good deal to & said for purchase tax. In 
the main, it fell on the less essential or luxury goods 
rather than on necessaries. As to prices, some firms 
could afford to reduce them, but others could not, 
either because they had no surplus or because they 
needed to invest in new capital goods. There were 
almost as many different circumstances as there were 
firms and so it was impossible to legislate or even to 
lay down general rules of conduct, but where profits, 
and therefore prices, could be reduced, this should be 


done. 





The examining of distributive margins, Sir Stafford 
said,-was a continuing process, which had extended 
now over many years, since price-fixing started. It 
might be that there was some room for further reduc- 
tion, but it was a delusion to imagine that that could 
lead to anything very noticeable in the way of price 
reduction. The examination would be greatly hel 
when the census of distribution was available. The 
Government, however, was limited in what they could 
do by the great diversity of distributing agencies and 
the need to preserve the small distribution units. So, 
while no opportunity of reducing prices must be 
neglected, the fact must be faced that the only way to 
achieve any substantial increase in the standard of 
living was by producing more and producing it more 
efficiently. The Government had already used the 
appropriate method of taxation to reduce the volume 
of retained profits very materially indeed. 





“Simple arithmetic will show us,” Sir Stafford 
continued, “that we cannot get still higher taxation 
out of profits and use those same profits to reduce 
prices, or to finance the new capital goods that are 
essential to our higher productivity. Of all these, 
I should much prefer the last course, in our present 
economic state. It is not possible to find any solution 
to our present problems by juggling with money 
incomes, finances or fiscal measures. We need, and 
must have, more and more efficient production if we 
are to solve our difficulties without loss of standards. 
The important factor in the profit situation is what has 
happened as regards distributed profits. Last year, 
less was distributed than in the year before and, in 
real values, very much less than in 1938. The reason 
for this is the increased taxation we have imposed.” 
The resolution, which the Chancellor opposed, called 
upon the Government, among other things, to remove 
the restriction on wage increases, by increasing the 
tax on profits and preventing the distribution of 
reserves and bonus shares. It was subsequently 
defeated by an overwhelming majority. 





Traffic receipts of British Railways for the four 
weeks ending on May 22 totalled 24,713,0001., which 
compared favourably with the total of 24,541,000/. for 
the previous four-weekly period ending on April 24. 
It was, however, a decrease of 811,000/. from the total 
of 25,524,0001. for the corresponding four weeks in 
1948, ending on May 16. The aggregate traffic receipts 
of British Railways for the first 20 weeks of this year 
amounted to 118,804,000/., against 123,093,000/. for 
the same period in 1948, a drop of 4,289,000/. Passen- 

receipts of British Railways fell from 10,082,0001. 
for the four weeks ending April 18, 1948, to 9,068,000/. 
for the four weeks ending April 24, 1949, and to 
7,954,0001. for the four-weekly period ending May 22 
last. The official returns of the British port 
Commission, published last Saturday, disclose that 
passenger receipts for the first 20 weeks of this year 
amounted in all to 37,075,000/., compared with a total 
of 42,136,0001. for the corresponding period in 1948, 
a loss of 5,061,000. in one year from this source of 
income. 





London Transport traffic receipts from all its services, 
railways, "buses and coaches, and trams and trolley- 
*buses, totalled 4,520,000/. for the four-weekly fog x 
ending May 22 last, compared with 4,580,000/. for the 
four weeks ending May 16, 1948. For the first 20 
weeks of this year, London Transport traffic receipts 
aggregated 21,616,000/., against 21,891,000/. for the 
same period in 1948, a decrease of 275,0001. The 
traffic receipts of the Inland Waterways Executive 
increased from 684,000. for the 20 weeks ending 





May 16, 1948, to 774,000. for the same period this Pon 
Traffic receipts from the steamship services of the 








Railway Executive increased from 1,984,0001., for 
the first sixteen weeks of 1948, to 2,098,0001. for the 
corresponding period this year. 





Negotiations on railway wages were renewed in 
London last Friday, at the Railway Executive head- 
quarters at Marylebone, between the Executive and 
officials of the National Union of Railwaymen. Dele- 
gates from the Railway Clerks’ Association, the Asso- 
ciated Society of Locomotive Engineers and Firemen, 
and from the Unions represented on the employees’ side 
of the Railway Shopmen’s National Council were 

t also. None of these other Unions had pre- 
viously been parties to the claims of the National Union 
of Railwaymen for an all-round increase of 10s. weekly 
and for time-and-a-quarter pay for Saturday-afternoon 
work, but their officials attended as any decisions are 
likely to affect the membership of these Unions as well. 





An official statement, issued subsequently, an- 
nounced that the Executive had offered certain increases 
to the lowest-paid grades and some improvements in 
the conditions of service. This offer was without the 
condition which was attached to a previous offer from 
the Executive to the National Union of Railwaymen, 
namely, that the Union withdraw their claims for an 
overall increase. The negotiations were then adjourned 
until yesterday, to enable the delegates to report back 
to the executive bodies of their respective Unions. 
Although normal working has been resumed at Bristol 
and at London depots, the unofficial “‘ working-to-rule ”” 
movement, in support of the wage claim, has continued 
at Sheffield. The wages negotiations have also been 
jeopardised by the week-end strike against lodging turns. 





The strike last Sunday against lodging turns was the 
largest of the four consecutive week-end sto and 
caused almost a complete failure over the whole 
of the North-Eastern Region. It followed a meeting 
of the footplate-men’s delegates at York last Friday, 
which was addressed by Mr. J. B. Figgins, general 
secretary of the National Union of Railwaymen, and by 
Mr. A. Hallworth, assistant general secretary of the 
Associated Society of Locomotive Engineers and Fire- 
men, who explained that the Railway Executive had 
agreed to discuss the principle of. additional lodging 
turns. These involve the crews of long-distance trains 
lodging away from their homes for an average of one 
night a week. The meeting, however, passed a resolu- 
tion stating that they would not resume Sunday work 
until the additional lodging turns brought about b 
the summer time-table for the East Coast route, whic 
came into operation on May 23, were withdrawn. 





The Railway Executive met as soon as the resolution 
of the enginemen’s meeting at York became known 
and issued a statement declaring that it was useless to 
sit down discussing pay and conditions of service, 
unless agreements so arrived at were honoured. Large 
numbers of railwaymen and women reporting for duty, 
the statement said, were unable to work because of the 
stoppages. This could not be allowed to continue. 
The strikes were dictated by an unofficial body having 
no status in the agreed machinery of railway negotia- 
tions, and the Executive considered that it clearly 
must rest with the railway management to decide the 
most efficient and economical manner in which train 
services should be arranged for the public good. At 
meetings of the executives of the N.U.R. and A.S.L.E.F., 
telegrams from the Executive were read stating that it 
was necessary to know immediately what steps these 
Unions posed to take to restore Sunday services. 
Officials of the two Unions met Sir Robert Gould, chief 
industrial commissioner to the Ministry of Labour, on 
Wednesday, at the invitation of the Ministry, “ to 
review the position.” In the meantime, enginemen at 
Carlisle and Paddington have threatened to join in 
any stoppage taking place next Sunday, which, if 
carried out, would bring all regions, except the Southern, 
into the dispute. 





The Amalgamated Union of Foundry Workers will 
hold their fourth annual delegate meeting at Llandudno 
from Monday to Friday next week. The report of the 
national organiser shows that the Union’s membership 
has increased from 62,895 at September, 1946, to 
78,984 at March, 1949, a difference of 16,089 in two 
and a half years. The trend of the present year, the 
report states, points to the foundry industry havi 
passed its peak, with a possible contraction in 
man-power. To continue the Union’s progress will 
require greater attention being given to the recruit- 
ment of foundry employees not a ly members. To 
bring members into closer contact with the Union's 
work, eight new branches have been opened, bringing 
the total to 246. The task of establishing bonus pay- 





ments or improving unsatisfactory schemes of payment 
by results has been becoming gradually more difficult. 
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THE AERONAUTICAL RESEARCH 
SCENE.* 
By Hues L. Drypen, M.A., Ph.D. 
(Concluded from page 528.) 


Durine the past decade as aeroplane oe have 
steadily increased it has become necessary for research 
workers to develop methods for determining the lift, 
drag, and stability of configuration at speeds approach- 
ing and exceeding the speed of sound. Only the barest 
outline 6f these developments can be presented here. 
The basic tool, the wind tunnel, suffers from the 
limitations produced by the phenomenon of choking ; 
when the speed of sound is reached at the smallest 
cross-section, the mass flow cannot be further increased. 
In the older wind tunnels, the smallest cross-section was 
at the model since it blocked a part of the area. The 
quantitative relations are such that a model which 
blocks only 5 per cent. of the area limits the test 
speed to less than 0-92 the s of sound. The first 
approach was to limit greatly the model size. The 
next step was the development of “ sting” supports 
to mount a small model from the tail end, and later the 
incorporation of an aerodynamic balance of the electrical 
strain-gauge type within the model. It is found 
desirable to introduce a liner in the wind tunnel so that 
choking occurs first at the model, rather than at the 
support strut; otherwise the test s would be 
limited to the lower value fixed by the blocking at the 
support strut. A a showing a close-up view 
of an aeroplane model on a sting-support in the 
N.A.C.A. 8- fe. high-speed wind tunnel is reproduced 
in Fig. 11. 

The expedient of miniature models has enabled 
measurements to be made on some models at speeds 
up to about 95 per cent. of the speed of sound. During 
the same period in which these developments occurred, 
supersonic wind tunnels also have m under con- 
tinuous development. The first of these could operate 
only at a single fixed speed, or at a few discreet speeds 
obtained by alternate nozzle blocks. Flexible nozzles 
permit a continuous variation of speed, but there 
remains a lower limit of supersonic speed below which 
the results are unreliable because shock waves set up 
at the nose of the model are reflected from the wind 
tunnel walls at such a near-normal angle as to strike 
* The 37th Wilbur Wright Memorial Lecture, entitled 
“The Aeronautical Research Scene—Goals, Methods and 
Accomplishments,” delivered before the Royal Aero- 
nautical Society in London on Thursday, April 28, 














Fie. 12. Mopet or Swert-Back Wine on “ Bump.” 


the model, disturbing the flow. The wind tunnel, 
therefore, has a blind spot in the region near the speed 
of sound, the transonic region. The first method con- 
sidered to bridge the gap was the use of heavily-weighted 
models dropped from an aircraft at high altitude. This 
programme was planned jointly with the British Aero- 
nautical Sesseneh Council, and we have been able to 
secure considerable data on drag by this means. R. R. 
Gilruth developed the wing-flow method which he 
described at the R.Ae.S. and I.Ae.8. Conference in 
1947. This method depends on the fact that there is a 
region of supersonic s over a part of the upper 
surface of the wing of a fighter aeroplane diving at 
speeds of about 0-7 thes ofsound. Over a limited 
area the speed is approximately uniform, and its value 
may be varied continuously through the speed of sound 
by "bveg the aeroplane at — This 
method has given very useful data, although the 
Reynolds number is low. We still find the method 
useful, although I think that, in time, it will be sup- 
— by other methods. The same principle has 

applied to wind tunnels by installing a suitably- 
shaped bump on the wall of a high-speed wind tunnel. 
The photograph uced in Fig. 12, on this page, 
shows a model of a 5l-deg. swept-back wing on a 
“bump ” in the N.A.C.A. Langley 7 ft. x 10 ft. wind 
tunnel for investigations of lateral control at transonic 
speeds. Perhaps the most useful method of all is the 
rocket-propelled ground-launched research model which 
enables measurements to be taken at high Reynolds 
and Mach numbers. The models carry various measur- 
ing instruments the indications of which are telemetered 
to the ground. Radar methods are used for speed and 
deceleration measurements. 

Examples of the constant necessity for the develop- 
ment of new techniques and research on problems of 
measurement can be found in any field of aeronautical 
research. In the gas-turbine field we might cite the 
high-temperature strain gauge which has permitted 
the measurement of vibrating stresses in operating 
gas turbines. To assist in the interpretation of stress 
data, and to evaluate the ability of materials to with- 
stand the imposed stresses, it is important to know 
the operating temperatures. Direct measurement of 
the temperature of rotating parts by means of thermo- 
couples has been found practicable, provided that 
suitable slip rings and Bre me are used to transmit to 
stationary recording ——_ the voltages gener- 
ated at the prem him ie junctions. The curves 
ee a ge in Fig. 13 were obtained from thermo- 
les mounted near the leading edge of a turbine 
bh le, which were connected to recording equipment 
by copper brushes resting on copper slip rings. The 
tomporature distribution along the length of the 
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blade is shown for the rated speed and for two 





speeds below rated speed. Considerable temperature 
gradient along the blade is present, which indicates a 
need for improvement in uniformity of burning in 
combustion chambers. Knowledge of the tempera- 
tures allows the prediction of blade life to be made, 
the determination of permissible vibration stress, and 
the assessment of the suitability of any specific blade 
material to withstand the operating stresses. 

Reference has been made already to the scale-effect 
problem ; this is a problem which should be studied at 
every opportunity. The N.A.C.A. had occasion to 
make wind-tunnel measurements of a .-scale model 
and a }-scale model of a certain aeroplane, and flight 
measurements on the actual aeroplane. Figs. 14 
and 15, on page 550, show the drag and lift coeffi- 
cients, respectively, plotted against Mach number. 
It will be observed that the drag coefficient begins to 
rise earlier for the small-scale model, and the rate of 
drag-rise past the force break is appreciably less than 
for the 1 -scale models. The lift coefficient shows a 
similar say force break for the smallest model and the 
magnitude of the lift coefficient at a given angle of 
attack is smallest for the smallest model. In other 
words, the small model, for which the Reynolds 
number was 270,000 to 370,000, gives a pessimistic 
picture of the compressibility effects. Other tests 
show that detailed differences depend on the state of 
the boundary-layer flows, which can be modified at 
high subsonic speeds by surface roughness and wind- 
tunnel turbulence, as at lower speeds. If one knew 
how and where to control transition points to agree with 
those on the full-scale aircraft, the quality of aero- 
dynamic measurements on models would be improved. 
The accumulated experience to date shows that for 
some aerodynamic measurements on nearly all types 
of models, and especially for certain types of models, 
there are appreciable effects of Reynolds number even 
at high subsonic and supersonic Mach numbers. The 
qualitative effects may often be explained in terms of 
the factors controlling transition of the flow in the 
boundary layer from laminar to turbulent and the 
consequent effects on separation and boundary-layer 
shock wave interaction. Much work remains to be 
done, but enough has been done to show that the 
problem cannot be solved by a single research project 
for making comparisons between model and flight : the 
comparisons must be a continuing objective of aero- 
nautical research. 

The exploration of new fields and the search for under- 
standing proceed at a rather slow pace, since discovery 
of new phenomena, the creation of new concepts, and 
the gaining of insight, require the talents of specially 
gifted persons who appear in the population in limited 
numbers. By contrast, the systematic survey of pheno- 





mena in a limited field can be conducted on any desired 
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scale by the organisation of teams of workers, with an 
almost certain guarantee of results of great value to 
designers. If Lay od 8 are ed in close 
co-operation with designers, with an eye to the general 
ssltnaas fulton tite te thn sacs olen, te cee 
become the basis for greatly accelerating advances 
of aircraft. The activity is a 
research oe Lage gg awn quantitative 
design data, but also yielding improved and more 
pen pl to — design problems. This 
of research is one of the most important functions 
ft the National Advisory Committee for Aeronautics, 
who seek to anticipate, as far as possible, the 
needs of designers, to promote exploratory research 
and basic research, and to —_. applied research 
directed toward the general by the 
needs of the designers. While available theoretical 
methods are utilised to the greatest extent possible, 
and the development and improvement of theory is a 
hoped-for result, the immediate aim is not development 
of theory, but systematic survey of the field. 

A good illustration of this type of research is that 
now under way on air inlets. Although the proper 
design of air inlets for aircraft power plants has always 
been important, the attention given to this phase of 
aerodynamics has increased greatly during the past 
few years due to a change in the method of propulsion 
and to the rapid increase aa maximum aeroplane 


Although the reci — requires considerable 
quantities of aay te air necessary for 
combustion passes rr seni ae engine, and the propul- 


sive force results from the action of an engine-driven 
propeller. By contrast, the jet engine requires 
quantities of air, which become a part of the aero- 
thermodynamic cycle resulting in a discharge of the 
air at high velocity to produce propulsive force by 
= reaction. a is sai and cage 
only at com tively low air speeds. Hence the 
air taken in st the sir inlet must be retarded. If this 
retardation is done efficiently, the kinetic energy will 
be converted to pressure energy yi an increase in 
the compression ratio of the engine with no increase 
in the compression power required. The ae 
of the aircraft depends not ~ag A 4 ~ available engine 
thrust, but also on the drag of There 
is no point in using an air ses Neiioh gives efficient 
energy recovery and increased thrust, if, at the same 
time, the inlet increases the external drag by an equal 
or greater amount. This is but one of the many 
compromises facing the er. 

The experimental study of any general type of inlet 
will soon show that sa‘ operation is o' 
only when the ratio of inlet velocity to free-stream 
velocity is restricted within certain limits. This, 
together with the required quantity of air, fixes the 
size of the inlet which may affect the external drag. 
Further, the performance of any particular inlet or 
type of inlet will depend greatly on the speed of the 
approach stream. Finally, the designer may be — 
as to location of the inlet. Whereas, from the point 
of view of the aerodynamicist, the inlet at the nose of 
the fuselage may give the optimum performance, the 
electronics designer may wish to place a radar scanner 
or the armament designer may wish to install guns | t 
there. The designer thus needs to know more than the 
optimum aerodynamic design and location of inlet. 
He wishes to know what penalties will be suffered at 
other locations, and what design is optimum at other 
locations with due regard to the air speed and size 
required for a given power plant. In other words, 
he wishes systematic surveys of the performance 
of inlets to be made at all possible locations, her 
with detailed studies of the effect of various details | inl 
of design on the performance over ranges of variation 
to cover design details he might wish to use. E. A. 
Mossmann, of the Ames Aeronautical La , has 
prepared for this lecture a brief account of some of the 
many facets of this problem. 

It is convenient to classify subsonic inlets into two 
pont divisions ; the first consisting of those es 

stream air only, further classified as nose inlets 
wing leading-edge inlets, and projecting external 

conta the second consisting of inlets located in a 
region of considerable boundary layer, further classified 
as scoops, expanded wing-fillet inlets, and submerged 
inlets. The general aerodynamical problem of nose- 
inlet, or nacelle, design is to minimise the drag due to 
wing-nacelle interference, and to shape properly/c 
the duct a so that good pressure recovery is obtained 
over & of angles of attack and inlet- 
velocity pom The lip and —_ contours that 
satisfy these requirements are further limited to those 
that avoid a premature drag rise during high-speed 
flight. The problems involved in the design of wing 
leading-edge inlets are analogous to those encountered 
in the development of aerofoils. Such an inlet should 
be designed to give high ram- recoveries and to 
cause no deterioration of the lift and drag c’ 
of the wing itself. These conflicting requirements | a 
involve compromises of the etrical design para- 
meters. As an example, such features as large nose 
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radii and thick lip sections help to prevent separation 
of the flow over the duct - Small nose radii and 
thin lip sections, however, are favourable for high 
critical speed. The effects of angle of attack on wing 
leading-edge inlets can be more severe than on any 
other type of inlet. Lower lip stagger will extend the 
angle of attack range for pressure-recovery 
characteristics, whereas, too much stagger will cause 
a loss in maximum lift and result in inferior performance 
during take-off and landing. The wing -edge 
inlet is a ae cali to many installations for 
admitting cooling and carburettor air. Its use with 
small and medium jet-powered aeroplanes would 
seem to be limited because of the necessity for large 
openings and the tendency toward thinner wing 
sections. For large aero with the jet engine 
almost completely submerged in the wing structure, 
the wing ee edge inlet may prove to be the most 


ye ee scoops which project far enough from the 
fuselage to be outside the influence of the boundary 
layer have the advan of eliminating much of the 
internal ducting. Us » however, the drag of this 
ype of inlet is appreciable. Inlets situated in a region 
re considerable boundary layer include the external 
scoop, the expanded wing-fillet type, and the submerged 
inlet. With an external scoop which includes the 
boundary layer, it usually is necessary to provide a 
boundary-layer bleed duct in order to secure successful 
i The energy expenditure in removing 
this boundary-layer air is chargeable against the inlet. 
oa see previously made on the external-scoop 
ly for this case also. The expanding wing-fillet 
e incorporates many design fetes 4 of the 
leading-edge and external scoop inlets. Generally, 
on “ aerl with interceptor aeroplanes, in which 
case the jet engine, or , are aor’ in the fuselage 
or actually in the expanded wing-fuselage fillet. The 
usual problems associated with fuselage boundary-layer 
removal are encountered, and various means of circum- 
venting this difficulty have been used. Some British 
ma Aeonlanh Gumaieace wihagy tole Sikh data Tiven 
a slight bump next to the fuselage in front of the inlet, 
which, apparently, is effective in diverting the boundary 
layer = from the — .* aero} yore a 
boundary- removal scoop. Since t let is 
in the flow field of the fuselage, it is less critical to 
changes in angle of attack and inlet-velocity ratio 
than the wing leading-edge type. The princi 
disadvantages seem to be structural complexity an 
somewhat indeterminate drag penalty. 
The submerged inlet is the consequence of an attempt 
to meet the many conflicting requirements posed by 


sap the jet engine in the after portion of the fuselage. 
goal has been to obtain a low-drag inlet combining 
the 


high pressure pee of the nose inlet with the 
short internal ducting the external s Two 
forms of the same red inlet have evolved. uses 
straight parallel ramp leading to the inlet, while 
the other, a result of NACA. research, has a curved 
divergent ramp leading to the inlet. A comparison 
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Fig. 18. 
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of the pressure recovery for divergent and parallel- 
wall inlets is shown by the curves reproduced in 
Figs. 16 and 17, which indicate that a considerable 
increase, both at the entrance and at the com > 
results at low mass-flow ratios from the use of diver- 


gence. 
Up to the present time, it has not been possible to 
burn fuel at supersonic velocities, and the intake air of 
&@ su ic missile or aeroplane must be retarded 
through the speed of sound to a velocity low enough to 
sustain reasonably efficient combustion. High pressure 
recovery in the combustion chamber is not only a 
requisite for good thermodynamic efficiency, but it is 
also necessary, at high Mach numberg, to keep the body 
size toa minimum. Research groups have expended a 
considerable amount of effort on the problem of attain- 
ing a high pressure recovery at supersonic speeds and, 
two methods have been suggested. In one, 
the stream is first retarded in a converging channel to 
a low pen velocity ; it then enters a throat or 
section of minimum area, where compression to a high 
subsonic velocity occurs through a normal shock wave. 
The speed is then further reduced in a subsonic diffuser. 
The other method employs oblique shock waves and 
the compression that occurs along the surface of a cone 
to produce a low supersonic Mach number prior to the 
normal shock wave in the throat. With the first 
scheme, the compression of the intake air takes place 
entirely within the internal-duct system, while in the 
second a large part of the compression is external Both 
schemes attempted to approach the isentropic flow 
process by keeping the pressure rise across the oblique 
shock wave to a minimum, and to reduce the Mach 
number at which the final normal shock wave occurs. 
By the nature of their design, the entrances to the 
convergent-div t and to the conical shock inlets 
would probabl placed in the nose of a missile or 
. Inlets so located require a great deal of 
internal ducting to transport the air to the engines 
a| located at the rear. This limits the useful volume of 
the f and may increase the pressure losses in 
the ducts. The scoop-type induction system alleviates 
this difficulty by locating the scoops aft on the fuselage 
near the engines. This inlet utilises oblique and 
normal shock waves to decelerate the air stream in a 
manner similar to the conical shock diffuser. As at 
subsonic s a boundary layer builds up along the 
forebody ahead of the inlets and part of the a ble 
ram pressure is dissipated due to friction in this — 
As a second example of the systematic survey field, 
I shall review briefly the results of a programme re- 
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ported in some detail in a paper with the title “ Effect 
of Fuel Properties on the Rednmeb of the Turbine 
Engine Combustor,” which was ted by L. C. 
Gibbons and E. R. Jonash, of the N.A.C.A. Lewis 
Laboratory, at the 1948 annual meeting of the American 
Society of Mechanical Engineers. Early models of 
turbo-jet engines have been designed to use either high- 
performance aviation gasoline or a kerosene-type fuel. 
As turbo jets are put into service in increased numbers, 
however, it seems desirable to give further consideration 
to the most suitable fuel. It is undesirable to burn 


large — of aviation gasoline in engines that can 
use effectively a less highly-refined uct, but the 
present kerosene-type fuel is not available in sufficient 


quantity-to ensure a supply for large numbers of air- 
craft. Te was decided, therefore, to survey the com- 
bustion characteristics of the components that would 
be t in a fuel of wide availability. 

The performance parameters of interest to the engine 
designer are the combustion efficiency, altitude opera- 
tional limits, and carbon formation. The resulti 
values of these parameters depend on the design 
combustion chamber and conditions of operation, 
as well as on the fuel. It is necessary, therefore, to 
determine the influence of the combustion-chamber 
variables on the relative performance of various fuels, 
and, conversely, to determine the influence of fuel 
volatility and molecular structure when the combus- 
tion-chamber variables are held constant. A study of 
the effects of pressure, temperature, and velocity of 
the inlet air on the combustion of aviation gasoline and 
Diesel oil showed that the optimum inlet velocity for 
one fuel may not be the optimum for another, and that, 
under some conditions, the relative rating of fuels will 
be changed when the temperature or velocity of the 
inlet air is ch . Likewise, the relative rating may 
be changed by altering the fuel nozzle to modify the 
fuel-spray angle or the injection pressure. Under sea- 
level operating conditions in a turbo-jet engine, fuels 
of different volatility and molecular structure showed 
no discernible differences in combustion efficiency. At 
a simulated altitude of 45,000 ft. at about 75 per cent. 
rated engine-rotor speed, differences a as shown 
in Fig. 18, opposite. Increasing the boiling point 
decreases the combustion efficiency for a given type of 
fuel. The aromatic fuel types give lower combustion 
efficiencies than other fuel types with the same boili 
point. Carbon d ition is most severe at sea le 
and the amount of carbon deposited decreases with 
increasing altitude. Investigation of a number of 
fuels in combustion chambers of different i 
indicates that the carbon-forming tendency can be 
correlated with hydrogen-carbon ratio and 50 per cent. 
evaporated temperature of the fuel. 

A type of organised research effort which has become 
increasingly important is that which is focused on 
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power, as contrasted with the danger of e A 
new aircraft in a dive. args won chep i ong 
wided to give compensation for trim changes an: 

the salaitine of control forces. Only a rocket could 
furnish sufficient thrust to drive the aircraft at super- 
sonic speeds, and then only at high altitude where the 
drag is reduced because of the reduced air density. 
The success of these aeroplanes should not be inter- 
preted to mean that the expected undesirable charac- 
teristics did not occur. The aeroplane was desi 
and operated so that these characteristics could be 
handled by the pilot. I hope the time will come soon 
when the characteristics of this conventional configura- 
tion, which is obsolete so far as the design of modern 
transonic and su nic aeroplanes is concerned, may 
be made generally available. 

The programme was soon enlarged to include configu- 
rations which are indicated by other test methods to 
be more satisfactory at transonic and supersonic speeds. 
The D-558-II and the X-2, with swept-back wings, 
were added; and the D-558-II is making its early 
flights now. Other research aeroplanes may be added 
later. The significant results of this programme are not 
the speed records but the quantitative data being 
obtained on drag, stability, trim changes, air loads, 
etc., at all speeds within the capabilities of the aircraft. 
The chief interest is in that region within which large 
ony Ae characteristics occur, which is different 
for di t aeroplanes in the series. The expected 
phenomena are known to some extent from wind- 
tunnel data, dropped-body tests, wing flow tests, and 
rocket-propelled model measurements ; research aero- 
planes give the final check. 

It has not seemed expedient yet to propose the 
development of research power - plants comparable 
to the research aeroplane, because of the much higher 
cost of development and because a somewhat similar 
stimulus and focusing of research can be accomplished 
by dealing with the components. The basic require- 
ments of aircraft gas-turbine power plants are high 
output for a given air flow, low fuel consumption, 

inimum weight, satisfactory endurance, and minimum 
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some advanced development, the completion of which 
may not yield immediately a practically useful device, 
but which, by stimulating and channeling group effort, 
will create scientific and technical data and experience 
eS ee The 
great task of research leadership is to select definite and 
ce ing goals of wide appeal, so that effort is 

i into the needed areas through the interest of 
the individual in accomplishing an in ing and 
difficult task. The most interesting example of this 
type of research is the co-operative programme am 
the N.A.C.A., the Air Force, the Navy, and 
aeroplane manufacturers for the construction of, and 
flight research oa, aircraft intended solely for research 
in the transonic and supersonic region. Unfortunately, 
this story cannot be told completely at this time; 
but it seems worth while to describe how this project 
originated and developed, and to discuss its true 
significance for aeronautical development. The 
research-aero) 
in the need for aerodynamic information at speeds 
near the speed of sound and the inability of wind 
tunnels to give the required data because of blocking. 
The X-1 was the first aircraft to be completed under 
the programme. There was some delay in completing 
the rocket motor, so it was decided to carry the X-1l 
to high altitude on a B-29 aeroplane and fly it as a 
glider. When this was found to be a relatively simple 
procedure, it was decided to launch the flights with 

wer in the same way so that the time available 
or research measurements could be extended. The 
first flight without power was made in the spring of 
1946; and the first flight with power in December, 
1946. In October, 1947, the X-1 exceeded the speed 
of sound in horizontal flight at high altitude. The 
D-558-I made its first flights in 1947; and in August 
of that year, broke the official world speed record, 
since exceeded by the F-86. 

Both of these aeroplanes use conventional subsonic 
wing configurations, without s back, and of com- 
— low aspect ratio. eir aerodynamic 

lesign was not regarded as optimum for supersonic 
speeds; they were built to ify results obtained 
by other test methods and to study further the beha- 
viour of conventional configurations in the transonic 

ion. The aero were kept as small as ible 
so that the control forces could be kept within the 
capabilities of the pilot, and they were desi to 
withstand loads of 18 times their own weight. By 
operation at high altitude, the control forces were 
reduced further by the low density; and by making 
the exploratory ~ ge in a horizontal or climbing flight 
path, speed could be reduced by shutting off the 
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investment in critical materials. The direction of 
research * to a is obtained b 
making theoretical yses of the gas-turbine epee 
for various operating conditions. The results of an 
analysis of a turbo-jet engine for turbine-inlet tempera- 
tures of 2,000 deg. R., 2,500 deg. R., 3,000 deg. R, 
and 3,500 deg. R., at a flight speed of 1,000 m.p.h. 
at sea level, are shown in Fig. 19. Such analyses 
show that improved fuel consumption is to be 
obtained mainly by increasing the compression ratio, 
and improved specific thrust mainly by increasing the 
turbine-inlet temperature. They suggest research on 
compressors to increase the compression ratio per 
stage; and, since the turbine-inlet temperature is 
limited by the high-temperature properties of the 
blade materials, research on blade materials and on 
means for cooling the blades. Fig. 19 also shows that 
the lowest fuel consumption for a given turbine-inlet 
temperature is obtained at some sacrifice in specific 
thrust; if maximum specific thrust were the sole 
criterion, the maximum would be obtained at values 
of the specific fuel consumption of 1-2 to 1-4. Such 
necessity for compromise is the everyday business of 
the designer. The direct solution of the problem would 
be the development of improved heat-resistant mate- 
ials. J. H. Collins, Junr., of the N.A.C.A. Lewis 
Laboratory, has provided the following summary of 
the status of this field. Although each selection of a 
material for a turbine part poses a variety of metallur- 
gical problems, only those associated with the turbine 
blade will be discussed, which experience indicates 
to be one of the critical engine components. 

Materials currently in use in America permit opera- 
tion under conditions of high stress up to material 
temperatures of 1,450 deg. F. Certain forged materials 
in production will potentially permit operation up to 
1,600 deg. F. New alloy systems under investigation, 
such as the chromium-base alloys, give mise of 
extending this maximum temperature slightly, but the 
greatest hope for real temperature increases appears 
to lie in the use of certain inter-metallic compounds or 
of ceramic-containing materials. Most of these 
materials require more ductility, and much research 
must be done to make them acceptable for use. Pure 
ceramic materials of oxide base have been developed 
by the National Bureau of Standards to the point 
where 100-hour stress-rupture strengths of 17,000 Ib. 
per square inch and 16,000 Ib. per square inch are 
available, respectively, at 1,800 deg. F. and 1,900 deg. 
F., as compared with about 12,000 Ib. per square inch at 
1,800 deg. F. for the best commercial high-temperature 
alloys. In addition, the specific gravities of these 
ceramics are less than half the specific gravities of 
the alloys, which is important in its effect on the stresses 
induced in rotating such as turbine blades. 
Ceramics of carbide base have been hot-pressed and 
sintered to yield tensile strengths of 22,000 Ib. per 
square inch at 1,800 deg. F., com with 36,000 Ib. 
per square inch for the best alloys, which, on a strength- 








weight basis, is superior to those of the alloys. More- 


over, at temperatures of 2,200 deg. F., carbide-base 
ceramics have been found to have tensile s hs as 
high as 16,000 Ib. on square inch, which is above the 
tensile strength of the te high-temperature alloys. 
It might be noted that the molybdenum- and tungsten- 
base alloys give promise of high strength at very high 
temperatures, but these materials are still in un- 
developed states, and no eae of their pro- 
perties can be made. Combination of metals and 
ceramics, termed “‘Ceramals ” by the N.A.C.A., appear 
to possess outstanding properties at elevated tempera- 
tures. In particular, the carbide-base ceramics, when 
combined with transition metals such as cobalt and 
nickel, possess tensile strengths as high as 33,000 Ib. 
per square inch at 1,800 deg. F., about the same as the 
tensile strengths of alloys, and strengths of 14,000 Ib. 
per square inch at 2,200 deg. F., which are outstanding 
when compared on the basis of strongth-weight ratio. 
The predominant deficiency of carbide-base materials 
is their susceptibility to oxidation at elevated tempera- 
tures, a nee that must be handled by coating with 
a corrosion-preventing material or by so compounding 
the Ceramal, or ceramic, that the resultant oxide coating 
grows at a very slow rate. Some success has been 
attained in such attempts and carbide-base Ceramals 
have been operated for short periods of time as gas- 
turbine blades at gas temperatures as high as 2,200 deg. 
F. The thermal conductivity of a particular carbide- 
Ceramal turbine blade was twice as great as that of 
commercial high-temperature alloys, so that, for the 
same gas temperature, the Ceramal blade operated 
appreciably cooler than alloy blades on the same 
wheel. 

No matter what may be the course of development of 
materials, the development of turbine cooling may be 
used by the designer either to increase the specific 
thrust still further, or to make possible the attainment 
of present performance with a reduced or even zero 
investment in strategic metals. It was this latter 
problem which originally introduced the subject in 
Germany during World War II, where successful air- 
cooled turbines tor turbo-jet engines were produced 
from relatively low-alloy materials. The apparent 
simplicity of the early attempts is misleading in many 
respects. While cooling at present-day turbine tem- 
peratures does not offer serious difficulties, the study of 
high-performance cooled engines involves many addi- 
tional complications. The performance of a cooled 
engine inevitably will be inferior to that of a similar 
uncooled engine using better heat-resistant materials, 
and the cooling requirements depend on many variables 
associated with the specific design of power plant and 
its operating conditions. The overall problem, there- 
fore, is one of the economics of the entire propulsion 
system, advantages of cooling as related to the use of 
non-critical materials, energy balances, and net gains 
in performance. The losses associated with cooling 
can readily become excessive unless refined techniques, 
based on reliable and comprehensive data, are used in 
design and analysis. Thus, an advanced development 
of this type must be supported by extensive research 
along many lines. 

Analytical comparisons have been made of the 
effectiveness of rim cooling, air cooling, and liquid 
cooling. The ibilities of rim cooling, whereby heat 
is conducted from the blade to the rim, are much 
inferior to the possibilities of cooling the blades by 
liquid or air. The analyses are dependent on heat 
transfer data, but few data are available for the high 
temperatures and pressures expected to be encountered. 
This s research of a systematic nature to 
establish empirical relationships between various 
dimensionless parameters for different blade shapes 
and operating conditions. Such work is under way in 
static cascades of cooled blades and in experimental 
cooled turbines. These studies, in turn, suggest still 
more basic studies, since the heat transfer at any 
point is determined by the development, local condi- 
tion, and past history of the boundary layer. UIlti- 
mately, one would like to be able to compute the heat 
transfer from a computed or measured velocity dis- 
tribution, determining the boundary-layer develop- 
ment including velocity and temperature profiles, but 
this is probably a long way off. 

Since space is required within the blades for cooling, 
this suggests an orientation of theoretical work on 
flow through cascades of relatively thick blades of 
shapes adapted to provide the n internal 
passages. The problem of computing the velocity of 
a compressible fluid over the surface of turbine and 
compressor blading has been under study at the 
N.A.C.A. Lewis Laboratory. In the absence of a 
well-developed theory, a variant of Flugel’s treatment 
has been used in the design of several sets of turbine 
blades. The simplifying assumption is made that the 
curvature of the streamlines varies linearly between 
the suction and pressure surfaces. Surface velocities 
predicted by this simplified analysis have been com- 

with measured surface velocities for the pitch 
section of a gas-turbine stator designed by this stream- 
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Fig. 20, on 551, which was shown by A. Silverstein 
in the 1948 Wright Brothers Lecture, show reasonable 
agreement. The curves reproduced in Fig. 21, on 
the same 


Page, show the results of an analysis to 
compare the various blade configurations for air 
cooling, while those in Fig. 22, illustrate the effect 
of blade material for one configuration. The analysis 
is sgeretanie only, since a constant heat-transfer 
coefficient was assumed. The allowable effective gas 
temperature for 1,000-hour predicted blade life is 
plotted — dilution. Finned blades show promise 
of immediate application if suitable techniques of 
fabrication can be developed. Research is required on 
the heat-transfer process in the internal ges, since 
currently-available information is ineuflioient. and on 
the limits of permissible bleeding of cooling air from the 
compressor. In a turbo-jet engine, the cooling air is 
reintroduced into the cycle with the heat-loss energy 
added to it before it enters the jet nozzle. On the basis 
of the available knowl , which is mostly analytical, 
it is believed that air-cooled turbines will permit opera- 
tion in a turbo-jet engine at 2,500 deg. R. turbine-inlet 
temperature with the best non-strategic metal blades 
and at 3,000 deg. R. with high-temperature alloys. 
Liquid cooling offers even greater promise, though with 
added complication. 

I have tried to sketch for you my view of the aero- 
nautical research scene and to interpret its meaning 
by a few examples. If you are impressed by what is 
perhaps undue emphasis on aerodynamics, you may 
blame my previous experience. I should remind you, 
however, that the last Wright Brothers Lecture contains 
a comprehensive review of the power-plant field. If 
the United States scene or the N.A.C.A. scene appears 
unduly prominent, this also reflects the observer. 
As to the many other aeronautical sciences, I plead 
lack of space : their contributions are no less important 
to aeronautical pr The aeronautical research 
scene is part of a larger territory which covers all of 
the diversified activities connected with the develop- 
ment, production, and use of aircraft. Progress is 
made by continually building on an increasing body 
of knowledge. Research is the key vitamin in promot- 
ing this growth. If it were absent, growth would cease 
as soon as the accumulated supply of knowledge was 
fully exploited by practical application. 

The results of research make the most enduring 
contribution when the research worker aims at the 
understanding of phenomena, going beyond the mere 
collection and tabulation of data arising from empirical 
tests. Hence the research group feels the necessity 
for initiating and supporting long-range programmes 
which lay the groundwork for the future. The research 
group has an independent responsibility for deciding 
what is needed to keep research knowledge ahead of 
application. The group should by no means become 
a service group with programmes determined solely 
by the current needs of to-day’s aircraft. Having 
asserted the claim of research to independent plan- 
ning, let me add that the research programme 
must be a well-rounded one. It should not in its 
entirety be limited to exploratory research or to 
co-ordinated theoretical and experimental work on 
experimental situations where complete understand- 
ing of basic phenomena is the principal goal. The 
needs of designers for systematic surveys of various 
areas and for research in support of development, must 
be recognised and promoted by frequent and close 
contact between designers and research workers. The 
selection of some common advanced technical develop- 
ment as the goal of both groups, has proved to be an 
excellent means of promoting co-operation and of 
channeling research into directions permitting early 
application, without sacrificing the values inherent in 
the personal enthusiasm, initiative, and freedom of 
the research worker. 





ROYAL AERONAUTICAL SocieTy.—Among the awards 
made for 1948 by the Council of the Royal Aeronautical 
Society are the following. The British Gold Medal for 
Aeronautics to Mr. S. Camm for his work in the design 
and development of fighter aircraft; the British Silver 
Medal for Aeronautics to Lt. Comdr. (A) E. M. Brown, 
R.N., for his achievements in advancing the technique 
of deck landing; Society’s Bronze Medals to Captain 
R. N. Liptrot for his works on helicopters and to Mr. E. N. 
Twining for his work in the design of model aeroplanes ; 
the Wakefield Gold Medal to Mr. E. S. Calvert for his 
work in the development of airport lighting ; the George 
Taylor (of Australia) Gold Medal to Mr. G. R. Edwards 
for bis paper, ‘‘ Problems in the Development of a New 
Aeroplane’; the Edward Busk Memorial Prize to 
Mr. W. Stewart, for his paper, “‘ Flight. Testing of Heli- 
copters ”’; the Herbert Ackroyd Stuart Memorial] Prize 
to Mr. W. H. Lindsey for his paper, “‘ Development of 
the Armstrong Siddeley Mamba Engine”; the Usborne 
Prize to Mr. D. R. Maguire for his paper, “‘ Enemy Jet 
History’; and the R. P. Alston Memorial Prize to 
Mr. B. A. G. Macgowan for his work on gliders. 





filament theory. The curves and plots reproduced in 
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NOTES ON NEW BOOKS. 
The Rank Bad Planning of London Transport. By 
J. F. Pownaty. Oliver Moxon, Limited, 22, 
Caroline-terrace, London, 8.W.1. [Price 9d.] 
Waite the title of this booklet—it contains only 16 
pages, two of which are completely blank—is weakened 
somewhat by over-emphasis, there is much in Mr. 
Pownall’s arguments to interest those who have 
studied the unique problems of London’s rail transport 
facilities. After examining briefly the development 
of the London tube system, the author proceeds to 
apply to its extension the principle, of which he is a 
familiar expositor, of dividing the railways of the 
country into “ hour sections,” through which non-stop 
trains run at intervals of one hour exactly, inter- 
mediate stations being served by stopping trains 
taking exactly twice as long to cover the same distance. 
He shows how, by the construction of a few linking 
lines, portions of the existing system could be brought 
into line with this regularised method of working ; 
and how, by improving the cross-river connections, 
the systems to the north and south of the Thames 
could be co-ordinated. He is not in favour of proposals 
to remove the Charing Cross and Cannon Street stations 
to the south side, expressing the view that “‘ those two 
immensely convenient termini will see generations of 
town planners in their graves yet.” A provocative 
booklet, but one which offers much food for thought. 





Rules for the Construction, Testing and Scantlings of 
Metal-Arc Welded Steel Boilers and Other Pressure 
Vessels. Revised edition. The Associated ‘Offices 
Technical Committee, National Buildings, 14, St. 
Mary’s Parsonage, Manchester, 3. [Price 5s.] 

Tue “ associated offices "’ by whom this book of rules 

is issued are the British Engine, Boiler and Electrical 

Insurance Company, the National Boiler and General 

Insurance Company, the Ocean Accident and Guarantee 

Corporation, the Scottish Boiler and General Insurance 

Company, and the Vulcan Boiler and General Insurance 

Company. The Rules, presented in a convenient form 

for carrying in the pocket, have been designed to 

provide for variations in the equipment and technique 
of different workshops and allow the use of higher 
stresses where these are justified by the prevailing 
standard of manufacture and inspection. They cover 
a wide variety of welded steel boilers and other ure 
vessels, thus avoiding the need to refer to a different 
specification for each class of plant. The first edition 
appeared in 1939, but there have been considerable 
advances in metal-arc welding technique in the subse- 
quent decade and account has been taken of these in 
formulating the revised Rules. There is a useful 

“‘ Heat Treatment Chart” showing the diameter of 

vessel and the associated thickness of plate above which 

stress-relieving is considered to be essential. 





Drilling and Surfacing Practice: Drilling, Reaming, 
Tapping, Planing, Shaping, Slotting, Milling and 
Broaching. By F. H. Cotviy and F. A. Sraniey. 
Third edition. McGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
[Price 5 dols.]; and McGraw-Hill Publishing Com- 
pany, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 30s. net.] 

WueEwn the second edition of this well-known work was 
printed during the recent war, additional information 
was given in a supplement at the end of the book ; 
these and other data have been integrated with the 
text in this, the third, edition. They comprise sections 
on the drilling of sheet metal or other thin sections, and 
on step-drilling for taper-pin reamers. There are some 
new paragraphs on reaming and tapping, and a few 
lines have been added in the section on ing and 
shaping. The sections on milling and milling cutters 
have been brought up to date by notes on carbide 
cutters and negative-rake milling, and the section on 
broaching has been extended by some data on involute 
splines and the broaching of blind holes. 





FAWLEY PETROLEUM REFINERY, NEAR SOUTHAMPTON. 
—Work has now begun on the construction of what is 
described as Europe’s largest oil refinery. This is being 
built at Fawley, 5 miles south-east of Southampton, by 
the Anglo-American Oil Company, Limited. The new 
refinery, which, it is stated, will substantially reduce this 
country’s dollar expenditure for petroleum products, will 
have an output of 5 million tons a year, as compared with 
the 800,000 tons produced by the existing refinery at 
Fawley. The new plant is expected to cost about 
37,500,0001., and to take about three years to complete. 
It will produce petrol, paraffin oil, gas and Diesel oils, 
heavy residual fuel oils, asphalts, and smaller quantities 
of special products. The site of the new refinery covers 
some 970 acres and, ultimately, about 2,500 people will 
be employed there, as compared with the 900 now working 





at the existing refinery. 
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EXPERIMENTAL METHOD 
FOR RESEARCH IN 
REINFORCED CONCRETE. 


By R. J. Wirxrns, M.Sc. (Eng.), A.M.I.C.E. 


CONSIDERABLE advances have been made in 
recent years in the measurement of strain by 
electrical means, using smal] resistance gauges 
attached by an adhesive to the test specimen or 
structure at the point at which the strain is to be 
measured. A general account of this valuable 
addition to testing technique will be found in 





tension and compression, and measurement of the 
resistance change by means of a suitable bridge 
circuit provides a convenient method for the deter- 
mination of surface strain. 

The wire of the resistance gauge is formed into a 
grid as shown in Fig. 1, which illustrates the dimen- 
sions of a typical strain gauge (British Thermostat 
Company type SE/A/1) and it will be seen that the 
strain measurements are obtained from a contact 
distance of only 0-5 in. Gauges having smaller 
dimensions are available, but the size shown is in 
very general use. The small size of the gauge, 
and the thin wire leads to which it is connected, 
enable it to be introduced into positions inaccessible 








Fig. 3. 
































ig. 4. 
SECTION AA (Fig 2.) 
ENLARGED 


Liiddddhdrddccccccdddeccccccccccccccadccc4ccuqccaz 


Lo. Diciai vaaee, ears 


Rcsdhddddddddddddddddddddddddddddaaag4j 











eS 





mirrors to measure strain movements of the concrete 
surface ; (b) recessing the member during pouring, 
to permit contact with the embedded bars and thus 
allowing the use of lever, screw or optical gauges on 
the reinforcing rods; and (c) the use of tubes 
instead of solid rods and the measurement of strain 
on the inner surface of the tube. 

Methods (a) and (6) have a number of admitted 
disadvantages, which include the difficulties of 
relating stress and strain in concrete, and the effect 
of holes and discontinuities on the load distribution 
in embedded bars. The tube method (c) was used 
by Dr. W. H. Glanville (D.S.LR. Building Research 
Paper No. 10 of 1930) who designed a special tilting- 
mirror type extensometer to pass down the bore of the 
tube, and obtained by its use some experimental 
data on load distribution along a short embedded 
tube. The preparation of the tube involved a small 
amount of drilling of its surface and the apparatus 
was of an intricate nature. The fundamental 
difficulty of all investigations of the action between 
the concrete and the surface of the steel, in order to 
obtain reliable data on the distribution of stress along 
a rod, is to obtain reference stations which give 
strain measurements without disturbing the condi- 
tions at the contact surface. The tube method will 
aliow this to be done, provided some suitable method 
of strain measurement can be devised, -d an 
investigation of the possibility of using ei ‘trical 
resistance strain gauges for this purpose was made. 





The problem was to insert, in the }-in. diameter 
bore of a tube, up to about ten gauges at a minimum 























to extensometers of the usual type. 
The measuring-bridge instrument, 
with galvanometer, can be placed 
at any convenient distance from 
the test and a series of gauges can 
easily be wired to the one circuit. 
Observations can then be made of 
strain at a large number of stations 
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Fie. 5. TUBES REFORE BEING EMBEDDED IN CONCRETE. 


Enoingerine of August 9, 1946, page 121, and 
reference may be made to that article, and the 
various sources of information that it contains, 
for details concerning the method. For the 
present purpose it is sufficient to mention that an 
electrical resistance strain gauge consists of a length 
of fine wire of about 0-001 in. in diameter, cemented 
between insulating paper and attached to the surface 
under investigation by a suitable adhesive, such that 
the wire undergoes the same changes in length as 
the strained surface. The change in length of the 
wire in the resistance gauge, together with the conse- 
quent change in diameter, causes a change in the 
electrical resistance of the wire, which is linear with 
the strain in the wire. The gauges operate both in 





on the test structure due to the 
application of a load. The availa- 
bility of this convenient and flexible 
method has led to extensive research on structural 
problems, particularly for the aircraft industry, 
where the extreme lightness of the gauges make 
them very suitable for application to thin plates 
and sections of light alloy. The application of re- 
sistance strain gauges to civil engineering problems 
has been on a more limited scale and it is expected, 
therefore, that this account of a general experi- 
mental method for use in research in reinforced 
concrete will be of interest. 

A study of the various methods employed for the 
determination of strain in reinforced-concrete 
members shows that they may be grouped under the 
following headings : (a) the use of external extenso- 
meters clamped to the concrete and ‘using tilting 





Fie. 6. Concrete Cy~inpers ror Putt-out Tzsts. 


distance apart of 2 in. It will be clear that each 
gauge successfully attached inside the tube then 
leaves its two wire leads in the bore of the tube; 
these must not be damaged during application of 
the next and subsequent gauges. Various methods 
were considered (and in some cases fully designed) 
for attachment of the gauges, such as lever mechan- 
isms, split-cone and collet method, rubber disc or 
pressure tube, and various screw-operated devices, 
but in each case the problem of the wires in the 
small bore of the tube made successful operation 
very doubtful, apart from perhaps the first few 
gauges. The method finally adopted, which has 
since proved to be reasonably satisfactory, is of the 
simple sliding-wedge form as shown in Figs. 2, 3 
and 4. 

To attach a series of gauges by this method the 
bore of the tube is first cleaned as far as possible 
and the gauge to be attached is placed on the upper 
surface of the upper wedge a. It is then inserted in 
the tube, up to a gauge mark on the rod, and lifted 
into contact with the wall of the tube by the insertion 
of the lower wedge b from the opposite end of the 
tube. The gauges used were impregnated with adhes- 
ive during their manufacture and moistening the sur- 
face with acetone immediately prior to insertion was 





554 





ENGINEERING. 





JUNE 17, 1949. 








EXPERIMENTS ON 











Load in Tube in Tons 
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REINFORCED CONCRETE. 
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sufficient to ensure good adhesion with this type of 
gauge. It was found advisable to pre-form the 
gauge to the radius of the bore of the tube by binding 
tightly to a round rod for some time before use and 
also to hold the gauge in place on the upper wedge 
by very thin adhesive threads. The wire leads to 
the gauges are soldered on before insertion and the 
joints then protected and insulated by adhesive tape 
(‘‘ Lassovic ” polyvinyl chloride). The two leads 
must be free in the bore during movement of the 
wedge rod. A period of 24 hours was allowed for 
each gauge with the wedges in position, and at the 
end of this period the wedge rods were withdrawn, 
a very slight twist being sufficient to disengage the 
threads used to hold the gauge in place on the wedge. 
The wire leads may then be passed through to the 
other end of the tube and the next gauge inserted 
in the clear space that remains. The application 
of the gauges proceeds in order from the left-hand 
end of the tube. Careful records are desirable of 








successfully used and rows of seven or more gauges 
have been inserted, in one case starting about 4 ft. 
from the end of a tube. There would appear to 
be no reason why distance of insertion in a straight 
tube should cause any difficulty. The number of 
faulty attachments is less than 10 per cent. up to 
date. 

The strain-gauge method offers a number of defin- 
ite advantages for all work which involves the deter- 
mination of a stress-distribution curve. With the 
ordinary form of mechanical extensometer the read- 
ing obtained corresponds to an average for the 
gauge length over which the measurement was 
taken. This length is often 2 in. or 4 in., and 
when plotting the results the values must be applied 
at the centre of the gauge length. This leads to 
considerable inaccuracies, particularly when the 
slope of the experimental curve is required for 
subsequent work. To construct such curves of load 
distribution a large number of readings is required, 
and the ability to locate the strain station with 
precision increases the overall accuracy of the 
observations. The resistance gauge does not have 
a gauge length in the usually accepted sense of the 
term, but measures the strain by direct contact over 





the attached length, in this case 0-5 in. 


cylinders for use as pull-out specimens in the 
standard form of test shown in Figs. 7 and 8, 
on this page. Each tube is calibrated before being 
embedded by plugging the tube ends and applying 
a tensile pull. The gauge response may then be 
recorded against the applied loading and a cali- 
bration graph obtained for each gauge. It is 
then an easy process to convert the gauge signals 
from inside the tube, during the progress of a test, 
into load in the tube in order to obtain the load- 
distribution curve. This is an important point in 
strain-gauge work, in which it is usual to apply a 
bulk calibration factor to each gauge from the same 
batch. The present method of direct calibration 
considerably increases confidence in the results. 
It was found also that a check calibration could be 
made after completion of a test and removal of the 
concrete. Generally, very good linear results were 
obtained, not greatly different from those for 
external application of the gauges. The tempera- 
ture compensating (or dummy) gauge necessary in 
this type of work was suspended freely inside the 
tube throughout the test. 

The graphs shown in Figs. 7 and 8 are included in 
order to illustrate one application of the method ; 
a complete discussion of the results obtained 
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shouldfawait the completion of the work now in 
progress. Many tests of this kind have been 
made and the graphs shown in Figs. 7 and 8 are 
typical of the type of result being obtained. There 
is a gradual movement of the maximum bond stress 
towards the free end, and the distance which is under 
load depends upon the magnitude of the load. 
When studying curves of this type it must be borne 
in mind that the slope of the load-distribution 
curve with respect to the axis of the member is a 
measure of the bond stress. The steeper the slope 
the greater the bond stress, while no bond stress is 
present when the load does not change with distance 
along the rod. If desired, the curve showing bond 
stress may be derived from the load-distribution 
curve, but it is essential that a large number of 
stations giving accurate local loads should be avail- 
able for such a curve to be well defined, and the 
strain-gauge method appears very well suited for 
this purpose when compared with previous methods. 
The data plotted in Fig. 7, are for a bright-drawn 
mild-steel tube of 1 in. outside diameter, and } in. 
inside diameter, and the concrete used had a com- 
pressive strength of 4,580 lb. per square inch, on a 
3-in, cube after 28 days. The results shown in Fig. 
8 were obtained with a black gas pipe, having a rough 
surface, the outside diameter being 1-06 in. and the 
inside diameter 0-81 in. The concrete used in this 
case showed a strength of 5,020 Ib. per square inch 
on a 3-in. cube after 28 days. 

The experimental method described above is now 
in use in research work on various problems in the 
Civil and Mechanical Engineering Department, 
Northampton Polytechnic, London, E.C.1. 





LITERATURE. 


Watch Escapements. By Dr. James C. PELLATON. 
Translated by S. Paris and edited by DONALD DE 
CaRLE. N.A.G. Press, Limited, 226, Latymer-court, 
London, W.6. [Price 10s. 6d.) 

Tue above title, set in our usual form, is hardly 

more than an abstract from the more detailed 

inscription on the cover, which explains that the 
author is the Director of the School of Horology, at 
the Technicum NeuchAtelois, Le Locle, Switzerland, 

and that the book constitutes the second part of a 

course in horology for use in the Swiss horological 

schools. It consists, as stated, of a series of lecture 
notes, and, in consequence, reads somewhat strangely 
without the practical work, drawing exercises and 
enviroament that accompany the lectures as 
delivered. Though it has been written by an 
undoubted master of his subject, its applicability 
is rather restricted—in fact, it is only really suitable 
for the serious student who wishes to acquire an 
expert knowledge of design in this specialised field. 
While the title is Watch Escapements, nine tenths of 
the text is devoted to the modern lever type, 
although it does touch briefly on the more common 
other types. This is understandable, as the book 
is written for the present-day student who will 
later be concerned with the production of the 





modern watch, which relies on this form of escape- |i 


ment. The drawings are all of uniform size, and 
their style is a pleasure to see; they contain the 
bare minimum to illustrate the author’s point, and, 
as a fresh drawing is used for every detail, the 
reader is never confused. As the publishers state, 
the illustrations have been redrawn, forming a 
welcome change from the too-common practice of 
reproducing illustrations from other works. 

The text shows in several places, sometimes too 
plainly, that it is a translation, and in various 
respects the book would have been improved by 
greater care in the editing and proof reading. In 
the historical section, Fig. 267, which is supposed 
to illustrate a detent escapement, is missing; and 
on page 124, a drawing which illustrates the most 
complicated escapement in the book and requires 
six letters to designate the parts, has no text 

with the action of the mechanism. On 
page 105, the editor slips in an unnecessary half page 
dealing with a section from one of his own books. 
In general, however, it may be said that for the 
designer, draughtsman, or production engineer in 
the watch industry, which is now being revived in 
this country, this is a book that they certainly 





should study with care if they wish to master the 
details of the lever escapement. To the amateur or 
the workman, unless he is much above the average 
in knowledge, or is prepared to devote many hours 
to the subject, it is hardly to be recommended. It 
may be hoped that, when a second English edition 
is contemplated, the editing of the text will be 
given that care which the original text, and the 
high-quality illustrations, undoubtedly deserve. 





Diesel Engine Design. By T. D. Watsnaw. George 
Newnes, Limited, Tower House, Southampton-street, 
London, W.C.2. [Price 35s. net.] 

DIgsEL engines are now made in such a wide range 
of sizes and forms that a writer on their design, con- 
struction or maintenance may do wisely to confine 
his exposition to the field in which he has had most 
direct experience. The book under review deals, 
for the most part, with four-stroke and two-stroke 
trunk engines of the industrial type having cylinders 
from about 6 in. to 16 in. in diameter. This, how- 
ever, does not imply any vorresponding limitation 
of appeal or interest, since designers of engines of 
all types and sizes can learn much from each other’s 
experiences and practices. Most of the engines 
considered are adaptable to marine service as pro- 
pelling units or auxiliaries. 

The opening chapters deal with heat-engine cycles, 
combustion, types and sizes, and some general con- 
siderations of design for strength. The final chapter 
consists of-a series of sectional drawings (happily, 
some will think, without folding plates) of 31 typical 
up-to-date British and American engines, each 
accompanied by a neat tabulation of the bore, 
stroke, speed, output per cylinder, brake mean 
effective pressure, and fuel consumption. There 
are also several sections and outside views of com- 
plete engines in the early part of the book. In the 
intervening chapters, the chief components are con- 
sidered in detail, with the help of a large number of 
clearly drawn and informative drawings and dia- 
grams, as well as of numerous reproductions of 
photographs of separate engine parts. These, no 
doubt, will be appreciated, especially by students 
and others having limited opportunities for inspect- 
ing the working parts of actual engines. 

In view of existing specialised books by well- 
known authorities, the author has deliberately cur- 
tailed his treatment of certain topics ; for example, 
in considering torsional vibration of crankshafts, 
frequency calculations are dealt with, but not the 
estimation of vibration stresses. The brief chapter 
on balancing is an introduction to the mechanics of 
balancing, but hardly touches the special problems 
of the multi-cylinder internal-combustion engine. 
Chapter 15, on fuel injeetion, which is well illus- 
trated with drawings and views of typical injec- 
tion equi it, is mainly descriptive, the reader 
being pr ery elsewhere for information on the 
detailed mechanics of the injection process. Chapter 
18, on supercharging, is also mainly descriptive, 
although some technical information and perform- 
ance data are included. This is in keeping with an 
increasing tendency for builders to sub-let intricate 
sub-assemblies to specialist firms. In Chapter 4, 
on engine sizes, consideration is given to the debat- 
able question of the most suitable stroke : bore ratio, 
and to the problem of planning a series of cylinder 
sizes to cover a given range of power outputs. A 
useful chapter is devoted to questions of dead and 
live loading, fatigue and stress raisers. 
ps the most praiseworthy feature of the 
book is the author’s detailed treatment of the design 
of cylinder liners, covers, crankshafts, connecting 
rods, valves and valve gear, governors, frames, etc., 
well illustrated by clear and fairly detailed drawings 
of engine parts which, with a few exceptions, are in 
current production. The author lays emphasis on 
the varied technical and economical considerations 
which are relevant, and pays due attention to the 
numerous smaller points which make all the differ- 
ence between a good and bad rendering of the same 
basic design. The bibliography offers a good selec- 
tion of outstanding books and papers giving further 
information on special topics. The book is clearly 
written and well produced, and may be commended 
as a serviceable addition to the literature of the 





Diesel engine. 


The Merchant Ship: Design, Past and Present. By 
Dr. G. 8S. Baker, O.B.E. Sigma Books, Limited, 
7, John-street, London, W.C.1. [Price 12s. 6d. net.) 

THIRTY-EIGHT years have since Dr. Baker 

delivered his first paper to the Institution of Naval 

Architects, of which he is now a vice-president ; 

and since then his contributions to the study of naval 

architecture, before this and other institutions, and 
his books on the theory and practice of ship design 
and propulsion, have been both numerous and 
valuable. Moreover, although most of these papers 
have been addressed to a comparatively small and 
highly specialist audience—for the number of naval 
architects who are really at home with the mathe- 
matical theory of ship design and propulsion has 
never been large—they have been characterised by 

a straightforward method of presentation which 

has commended them to a much wider public. 

These characteristics are strongly in evidence in 
Dr. Baker’s latest book, in which he traces the 
development of ships and shows how science has 
promoted greater efficiency and economy by improv- 
ing the design and enabling the best use to be made 
of the materials of construction. The book is 
intended primarily for the intelligent layman—or, 
at least, for that section*of the puldic which is 
interested in ships without necessarily being 
responsible for their building or operation. For 
those who bear that responsibility, there are other 
treatises available, designed more specifically for 
their needs ; but they, too, can hardly fail to derive 
some benefit from a study of his clear and concise 
presentation of the essentials of the subject. He 
commences at the beginning (so far as that can be 
located) and traces the evolution of the ship from 
the era of pure rule of thumb to that of the present 
day. Separate chapters are devoted to the factors 
affecting modern ship design, the behaviour of a 
ship at sea, the problems of safety and stability, the 
strength of the hull and the strains to which it is 
subjected, speed and the form of hull and propellers, 
propelling machinery, and ship types and construc- 
tion. The book concludes with a glossary—which, 
however, should hardly be necessary to anyone who 
reads through the tex# with care and attention—and 
is illustrated with a number of excellent reproduc- 
tions of photographs, supplemented by sundry 
sketches and clear line diagrams. 

A mere résumé of the contents, however, cannot 
do proper justice to the quality and authoritative 
nature of the text. Dr. Baker has not burdened his 
pages with all the innumerable references and foot- 
notes that would have been required if every source 
had been indicated, but the atmosphere of authority 
would be convincing even without a knowledge of 
the author’s professional status. There are, in fact, 
a few footnotes, but they are used to insert additional 
information. It might have been an advantage if 
more of the principal source-books had been indi- 
cated, for the reader who has not already sume 
acquaintance with the literature of the ship is quite 
likely to be inspired to acquire it, even though all 
the essential facts and deductions are here to his 
hand. So many authors who seek to expound a 
technical subject in terms to be “ understanded of 
the people ” make the mistake of obviously “ writing 
down” to a lower order of intelligence, instead of 
assuming merely a different order, that it is a 
pleasure to be able to commend a book in which this 
defect is so conspicuously absent. 





INTERNATIONAL MECHANICAL ENGINEERING CONGRESS. 
—The success of a first International Mechanical En- 
gineering Congress, held in Paris in September, 1948, has 
encouraged the organising committee to arrange a second 
congress, which is to take place, again in Paris, from 
September 12 to 17. Papers will be presented by Bel- 
gian, Czechoslovakian, Dutch, French, Norwegian and 
Swiss engineers, some in French and some in English. 
One paper will be presented by a representative from this 
country, Mr. A. W. Berry, M.I.Mech.E., M.I.E.E., 
director of the British Engineers’ Association. The 
theme of the congress is “‘ Production Efficiency.” Visits 
to works in the Paris region and excursions to industrial 
establishments in other parts of France are also being 
arranged. Registration forms and further particulars 
regarding the congress may be obtained either directly 
from the Congress Secretary, 11, Avenue Hoche, Paris 
(8e), or from the British Engineers’ Association, 32, 





Victoria-street, London, 8.W.1. 
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A REVIEW OF DIMENSIONAL 
ANALYSIS. 
By Prorsssor W. J. Duncan, D.Sc., F.R.S. 
(Concluded from page 534.) 

Tue use of dimensional analysis to obtain the 
form of the solution of a physical problem may be 
illustrated by the following three specific examples. 
The first deals with the steady laminar flow of a 
viscous incompressible fluid in a cylindrical tube 
of any cross-section. 

Assume that Q the volume discharged per unit 
of time, depends on /, a linear dimension of the 
cross-sect' a (such as diameter), the pressure 


gradient = and the viscosity ». Then, from Table I, 


on page 533, ante, 
@ QU; 
3 QOL; 


= OML~“T-; and 
» @QML*T. 


* 
Put Q=kie (2) p°, where k is a. numerical con- 


stant. ee 
Then L? T-! & L¢ (ML-? T-*)o (ML-! T-1)°, 
Equate indices : 
@) 3=-a-2-—c. - (1) 
™M O=-b+e.. - (2) 


(T) -1l=-2-c. - (3) 
Adding (2) and (3) we get, —1 = —b; therefore 
6 = 1, and, by (2),c = —1l. Therefore, by (1), 

a=3+2-1=4., 


dp 
(2) 
res. f 

B» 

The coefficient k depends on the shape of the cross- 
section. This is a generalisation of Poiseuille’s law, 
which applies to a tube of circular section. In that 
case, k = = when I = radius of section, 

The second example is the general case of the 
flow of an incompressible viscous fluid. The physical 
quantities concerned are 

F = force on an immersed body Gj ML T-*; 


Hence 


1 = typical length QL; 

V = relative velocity QLT; 

p = density © ML"; and 
be = viscosity OMT. 


Put 
then 


F = kit Vb pf pt; 


ML T © L4 (LT)? (M L-)¢ (ML T)4 

Equate indices: (M)1=c+d i - (1) 
@) 1=a+b-—3c-d . (2) 
(T) -2 = -b—d . (3) 
tS or - 4) 
be2—-da. . (6) 


From (1) 
From (3) 
Hence (2) becomes 
a@=1~—6+3c+d 
=1-2+4d+3-3d4+d 
=2-d=b . (6) 


F =k(V)~* p-4 pt 

—d 

~kpvie(~if) ; 
B 


Now put —d = mand substitute k,, for k 
Then 
n 


This is true for all values of n, and k,, is any numerical 
coefficient. If any number of terms be added, 
similar to those on the right of (8) and with n 
different in each, the result will still be dimensionally 
correct. Thus 


Therefore 


+ (7) 


- (8) 


is dimensionally correct. This really means that 
F< pvens(“22), . @0) 


where f is a quite arbitrary function (but any coeffi- 
cients in it are numbers which are independent of 
p Vl and ,»). 

Equation (10) can be written 


F Vip 
pve -1(“*) = - (1) 
Both —— and ¥"? are non-dimensional. The first 


pve # 
is the non-dimensional force coefficient and the 
second is called the Reynolds number, in honour of 
Professor Osborne Reynolds, who first pointed out 
its importance. 
The Reynolds number is 

_Yie_vi 

+ 
where v = * and is called the “‘ kinematic viscosity.” 


The measure formula of v is L*T- and it could 
(fantastically, but correctly) be measured in acres 
per year! This will serve as a mnemonic. The 
kinematic viscosity v is a diffusivity. It is in 
fact the diffusivity of vorticity in the fluid. 

On account of equations (11) and (12), it is 
possible, without further analysis, to write down 
non-dimensional relations for moments M and 
pressures or frictional stresses p as follows 

M vi 
(") 


pve ~% 


oo (2) 


pv? 

The third example is that of the motion of a 
compressible fluid. First suppose that the fluid is 
not viscous. Then a force F will depend on p, V and 
l as before, but also on the effective bulk modulus 
of elasticity k, where 


R - (12) 


- (13) 


+ (14) 


kQML“*T 
as shown by Table I. It follows that 
Vp 
k , 


is non-dimensional and could be used as a parameter 
in the same manner as the Reynolds number, but 
an alternative e ion is more convenient. The 
velocity of sound a in the fluid is given by Newton’s 


formula 
k 
a= /* + (15) 
and therefore 
=< (2). . 18) 
k a 


There is no advantage in retaining the square of the 
non-dimensional quantity 

u-*, 

a 

which is known as the Mach number in honour of 

Ernst Mach. Accordingly, the equation is written 

F 
pve = f (M). 
when the influence of viscosity is negligible and 


- (17) 


+ (18) 


¥F 
pvp FSM. - (19) 
when both viscosity and compressibility are impor- 
tant.* 

The results obtained already illustrate a general 
theorem of dimensional analysis, called the ‘ Pi 
Theorem” by Buckingham. All the independent 
and non-dimensional product combinations are 
formed of the quantities concerned in the problem 
under consideration ; then it can be asserted that 
any one of these dimensionless parameters must 
be a function of all the others. For example: a 
body is immersed in a viscous compressible liquid 
having a free surface and under the influence of 
gravity (acceleration g). Then the following is a 
full set of dimensionless and independent quantities : 

F viv wv 
pvt” vy’ a’ ig’ 

* It should be noted that f merely stands for “‘ a func- 
tion.” It obviously stands for different functions in 


, 
a 








F = pV? > kn (ey. . (9) 
n ld 


(18) and (19). 





where the last isthe Froude number. Consequently, 
¥F Viv ¥) 
pvr” (= a’ Ig/’ 

The word “independent ” should be amplified to 
“logarithmically independent.” This means that 
the logarithms of the parameters are “linearly 
independent.” Then no parameter can be expressed 
as a product of powers (or roots) of the remainder. 
Normally, the number of independent dimensionless 
parameters will be equal to the number of quantities 
concerned in the phenomenon, less the number of 
fundamental quantities (three, namely, M, L, T, 
for purely mechanical phenomena). However, the 
number of ters may be greater than this. 
It should be noted that the fewer the independent 
parameters the more definite and helpful is the 
result of the dimensional analysis. 

Suppose that it has been decided to investigate a 
physical phenomenon, with the hypothesis that the 
relevant physical quantities are M,, @, ... M,. 
Let the fundamental quantities be F,, F,... F, 
(eg., L, M, T in purely mechanical phenomena). 
Also, let it be known that 


Os Fi" Fy ... Boer . (20a) 


where s ranges from 1 to n. It is required to find a 
non-dimensional quantity which is a product of 
the quantities @. Put 


7 QOn OF ... Oe. 


where the indices x are to be found. Substitute 
from (20a) in (20b) and equate indices. Since a 
is to be non-dimensional, we get, by considering the 
total index of F,,, 


ZyLim + Ze Sqm + --- + Fn nm = 0 + (20c) 


and there are r such equations. Since the equations 
(20c) are homogeneous, they merely establish the 
ratios of the unknown z; in other words, there is no 
essential distinction between a non-dimensional 
parameter 7 and a power of it. 

The number of unknown ratios in (20c) is (n — 1) 
and the number of equations is r. Hence there will 
normally be (n — r — 1) degrees of indeterminacy 
in the solution, or (n —r) linearly independent 
particular solutions. For example, values may 
be arbitrarily assigned to (n — r) of the numbers z 
and, normally, the r equations (20c) will then 
uniquely determine the remaining r unknowns, 
Thus, normally, the number of independent dimen- 
sionless parameters is (n—r). But it is known 
from the theory of linear homogeneous equations 
that the number of linearly independent solutions 
may be greater than (n — r). This occurs when the 
equations (20c) are not linearly independent. In 
such cases, the number of independent dimensionless 
parameters is greater than (n —r). It may happen 
that a particular quantity @, (or several of the 
quantities @) is absent from all the non-dimensional 
parameters; then any attempt to express @, 
in terms of the other quantities @ would fail. 
This indicates that the problem has not been 
properly formulated. 

In any but the simplest cases, the choice of 
dimensionless parameters is not unique, for any 
product combination of a pair or more of them 
will also be dimensionless. The final choice should 
be guided by convenience and by the results of 
experiments, as shown below. Equation (20) illus- 
trates a systematic choice, for only the first para- 
meter under the functional sign depends on vis- 
cosity, only the second on compressibility, and only 
the third on gravity. 

The choice of the parameters should be guided 
by the following considerations, namely, simplicity 
and convenience ; the choice should be systematic ; 
and it is very desirable that the unknown function 
of the parameters should, in fact, be as nearly as 
possible a mere constant, at least for the ranges 
of the variables with which the particular appli- 
cation happens to be concerned. The first two 
items have already been touched on, but the third 
deserves some discussion. Taking equation (11), for 
the force on a body immersed in a stream of viscous 
incompressible fluid, by way of example: suppose 
that 


+ (20) 


- (206) 


I(x) - (21) 


BAC 
C) 
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Then equation (11) can be written in the equivalent 


F t Vip 
pve ~ soih yp 
or 
- (22) 


This last is a relation between the pairs of non- 
dimensional parameters 
F 
5 ose “ite 

and it has exactly the same validity as (11). Now 
experiment shows that, when R is small, f, (R) is 
nearly constant, while f(R) is nearly constant 
when R is very large. Consequently, the preferable 
form of the relation is (22) when R is small, but 
(11) when R is very large. 

Another interesting example is provided by 
equation (19), for the force on a body immersed in 
a stream of fluid which is both viscous and com- 
pressible. We may write 


t(R,M) = +(5. ). . (23) 


But 
R tla 
u™ a . ° + (24) 
and, accordingly, (19) can be written 
{¥F ” la V 
pve 4(*, *). 
This has the advantage over (19) that the linear 
and velocity scale factors are separated ; the multi- 
pliers of / and of V are properties of the medium 


only. The non-dimensional linear scale number = 


+ (25) 


has a particularly simple interpretation when the 
fluid is a gas. According to the kinetic theory of 
gases, 


(5) rma) 


where A is the mean free path of the molecules of 
the gas. For air 


ta i 
('2) -140(!). . 
Accordingly, (25) may be replaced by 
F ww 
pw ~ (13): 
It is clear, of course, that, when the mean free 
path of the molecules of the gas is comparable with 
the dimensions of the immersed body, the pheno- 
mena will differ profoundly from the normal case, 
where \ is very much smaller than 1. This has been 
amply confirmed by experiments made by Knudsen* 
others on the flow of gases at very low densities. 


It might have been supposed that (j) would have 


to be introduced as s new non-dimensional para- 
meter when this ratio is not large, but the —aee 
t shows that this is not so; 
(19) and (27) are equivalent when the fluid oy a 
gas. The relation (27) is due to Foch.t 
Dimensional analysis can be applied whenever 
the equations describing the physical phenomena 
are “complete,” that is, when they hold good 
whatever may be the sizes of the fundamental units 
. In many instances, the set of funda- 
mental units will differ from, and may be more 
extensive than, L, M, T. For thermal phenomena, 
for example, the equations will usually hold when 
the units of heat quantity and of temperature are 
arbitrarily chosen; consequently, these must be 
as fundamental units. (Joule’s equivalent 
is therefore a dimensional constant.) Any increase 
in the number of fundamental units reduces the 
number of independent non-dimensional parameters 
and so makes the findings of dimensional analysis 
more definite. 
Dimensional analysis provides a relatively easy 


+ (26) 


- (27) 





* M. Knudsen, The Kinetic Theory of Gases. Methuen 
and Company, 
W.C.2. (1934). 

+t A. Foch, “ Remarques & propos de la Viscosité en 
Régime Supersonique,” Les Cahiers d’Aérodynamique, 
Jan.-Feb., 1946. 


Limited, 36, Essex-street, London, 





method for investigating some of the conditions 
required to ensure the hysical similarity of two 
—— and for establi the relations between 
in such systems; but it must be 
= that dimensional analysis by itself does 
not nae the full set of conditions for similarity, 
and these must be found by independent inquiry. 
For instance, the phenomena in two systems, which, 
for convenience, may be called the “ prototype ” 
and the “‘ model,” will, in general, only be similar 
in the following circumstances. Firstly, when the 
systems have exact geometrical similarity at the 
initial instant ; this includes the requirement that 
the distributions of physical properties, such as 
density, elasticity and conductivity, are geometric- 
ally similar at the initial instant. Secondly, when 
the boundary conditions are similar; and, thirdly, 
when the substances concerned are similar. This 
requires, for instance, that, if a gas A occurs in the 
prototype system and a gas B in the model system, 
these gases have the same ratio of specific heats y 
and the same Prandtl number o.* It is sometimes 
possible to waive some of these conditions; for 
example, y is usually unimportant when the Mach 
number of the motion is less than, say, 0-5. 

Any result provided by dimensional analysis 
could be deduced from the differential equations of 
the problem by transforming these and the boun- 
dary conditions into non-dimensional forms. How- 
ever, the technique of dimensional analysis provides 
a short cut to the results. 

It is important to note that we have no right to 
assume, without special inquiry, that a slight lack 
of similarity between prototype and model is un- 
important. Small deviations from similarity will 


of small stability are sensitive. An important 


¥ | instance of a sensitive system is an aerofoil 


placed 
in a stream of air. Experiment shows that the 
position of the transition from laminar to turbulent 
flow in the boundary layer is very sensitive to the 
presence of slight waviness of the surface and of 
even very local roughness. It is also sensitive to 
turbulence in the air stream. 

Dimensional analysis is unquestionably a valuable 
instrument of investigation, but it is not a means for 
getting something for nothing, a species of magic. 
T. H. Huxley made a celebrated obiter dictum on 
mathematics which applies with equal force to dimen- 
sional analysis. ‘“‘ Mathematics,” he said, “ may 
be compared to a mill of exquisite workmanship, 
which grinds you stuff of any degree of fineness ; 
but, nevertheless, what you get out depends on what 
you put in; ee eee 
will not extract wheat flour from peascods, so 
pages of formule will not get a definite result out of | , 
loose data.” 





BRITISH ASSOCIATION OF USED MACHINE TOOL MER- 
CHANTs.—A booklet outlining the aims and objects of 
the British Association of Used Machine Tool Merchants 
has been issued by the Association in order to place before 
eligible firms the advantages of membership. The book- 
let also contains a foreword by the President, Mr. S. A. 
Bunn, and a list of officers. Oopies may be obtained 
from the secretary, Mr. O. W. Allen, West India House, 
96-98, Leadenhall-street, London, E.0.3. 





Messrs. YARROW AND COMPANY, LIMITED.—The firm 
of Yarrow and Company—who are literal contemporaries 
of ENGINEERING, having been founded in 1866—have 
been notable at all periods of their history for up-to-date 
practice in the construction of ships and steam plant. 
Reoent brochures received from them illustrate this in 
relation to ships of the types (high-speed and shallow- 
draught) in which they have specialised, and the X-ray | cen’ 
and hb t laboratory maintained at their 
works at Scotstoun, Glasgow, for general research and the 
examination of welded work. They have also sent us a 
reprint of the paper on “ Tubular Air Heaters of Welded 
Construction,” by three members of their staff, Mr. 
A. N. Olark, Mr. James Loughray and Mr. W. Denovan 
Garrick, which received an award of 2,000 dollars in the 
competitions organized by the James F. Lincoln Arc 
Welding Foundation. 








* The Prandtl numbero = ~, where vis the kinematic 


viscosity and 7 is the ther ductivity = ther- 
mal conductivity/pCcp. Itis the ratio of the diffusivity of 


daet, 








vorticity to the diffusivity of temperature in the gas. 


be important in “ sensitive ” systems, and all systems | po 





PROBLEMS IN BRONZE FOUNDRY 
PRACTICE.* 


By Prorgessor Austen J. Surru, Ph.D. 


OF mech Gite a genie eal of cnet ban Rive 
given to the pram ity of achieving sound castings of 
the brass and bronze alloys through application of 
sound scientific principles to the melting and gating 
procedures. Many of the became evident 
during the war when virtually all foundry products 
were manufactured to Government specifications, with 
which many foundries had had no experience. 
Ea cone samc an eat = 
actively advanced after a comparatively long 

of relative lethargy. The many recent papers publi hed 
in England have shown that the problems have been 
the same on both sides of the ocean. The British 
publications have been most eagerly awaited in the 
United States and the names of a number of the 
British workers are almost as familiar to the members 
of the American Foundrymen’s Society as they are to 
the members of the Institute of British Foundrymen. 

Rather than to present, as an exc paper, a 
report on original research on bronze-fo ice, 
it seems more desirable to review some of the problems 
for which foundrymen have not yet got an answer and 
to touch on some of the work that is going on in the 
United States. Although 8. L. Finch; in a most 
stimulating paper before this Institute two years 96°, 
described the process of the freezing of castings, a 
somewhat different point of view makes it desirable to 
reconsider the whole casting process and to discuss some 
of the factors afft the final uct. 

To get some idea of certain of the factors that affect 
the freezing process, it will be well to describe a simple 
experiment on freezing. A series of cylindrical blocks 
4} in. long and nominally 2 in. in diameter, but with a 

erous taper, were moulded in green sand with the 
or oan up and open to the air. Castings were 
ured at different temperatures down to a temperature 
near that of initial solidification. P was Ta 
so that the temperature in the mould at the ay oe of 
pouring was very little below the actual ee 
perature. The alloy used was “ steam ” of the 
nominal composition 6 per cent. Sn, 3-5 cent. Zn, 
1-5 per cent. Pb, balance Cu. The castings 
were split down the centre and etched. Pee tem- 
peratures from 2,400 deg. F. (1,315 deg. C.) down to 
1,900 deg. F. (1,037 deg. ©.) were employed. With a 
pouring temperature of 1,950 deg. F. (1,065 deg. C.) a 
grain size of some yy in. diameter was obtained, and at 
1,900 deg. F. the grain was even too fine to estimate by 
visual inspection. Initial solidification in this alloy 
occurs at about 1,870 deg. F. (1,021 


- C.). The 
block poured at 1,900 deg. F. (1,037 deg. |) showed a 
overall shrinkage and the top was filled with 


ae oa Pr erpnain fpr prereens. took place too rapidly 
to it the escape of entrapped gases. 

fronting commences st ports in the liquid, that is, 
at tag which may be particles of foreign matter or 
may be associations of two or more atoms brought 
aa through temperature c alone. As freezing 


growth from the nuclei will in the 
, erm away from which heat is being a! but 
still along definite crystallographic axes. There is a 


Sang Suth, 80 7 a8 CE ae, 
ferred axial direction may make with the cooling direc- 
tion and beyond which growth will not occur. This 
limiting angle is, of course, modified by adjacent 
freezing crystals. Were there to be but a very slight 
temperature gradient, the crystals would tend to grow 

in all directions from the nuclei iy Rveeer 2 p_poren 
the final shape of the grains gp Soom 
ference from adjacent growing crystals. 
perature gradient becomes greater the growth becomes 
more uni-directional. Superimposed on this effect is 
the temperature over which both solid and liquid can 
co-exist—the range. A narrow freezing range 
accentuates the effect of temperature gradient: a Aye 

“ mushy ” range rather obliterates it. 

When molten metal is into a mould the metal 
in contact with the s of the mould will form 
meth easied Walo® tee Sreciag posh Many of Ware 
——< cooled below its freezing point. Many of these 

tion will be oriented unfavourably 
Sr peck opel others will be in a more favour- 
able ion and growth will <= prog N 
with by the growth from those centres w 2 
*calie A in their orientation. Hence, at the osgans ed 
of a casting there is a thin layer of fine-grained material 
almost completely randomly oriented. This as-cast 
ee sty See eee ee a ah hae. 
Leakage often becomes apparent only after this 
has been machined away. The layer is ¢ in-all 
castings with the exception of those the mass of which 





* Official exchange paper from the American Foundry- 
men’s Society, presented at the 46th annual meeting of 
the Institute of British Foundrymen, at Cheltenham, on 
Thursday, June 16, 1949. Abridged. 
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is so great with respect to the cooling velocity that the 
surface layer is re-melted. 

If the metal be poured hot, the metal remaining at 
the centre after this initial surface isation will 
still be too far above the melting point to form: new 
crystallisation centres. As a consequence, i 
metal will build on the surface which are 
favourably orien’ for wth, and the product will 
be a dendritic structure, t! pa gape —— 

wing towards the centre until sto o! en- 
rites growing from the opposite a if eeding 
cannot wholly replace the solidification contraction 
with this ttern, centre-line shrinkage results. 
Sass cuadan ties teldiond © pak twa clan of cathots 
consequence in the copper-base alloys it will not be 
considered further here. 

As the pouring tem is lowered, the metal at 
the centre drops into the nucleation temperature range, 
so that new points of isation are formed at the 
centre even while dendrites are growing inwards from 
the surface. As the dendrites approach the centre they 
will be checked from further growth by these new grains, 
which will be more or less equi-axed. This condition 
ai first in a casting poured at 2,300 deg. F. 
( deg. C.), and bho © ayy gealcialaea 
poured at 2,100 deg. F. (1,148 deg. C.). 

Finally, at 2,000 deg. F. (1,093 deg. C.), nucleation at 
the centre is far too rapid for dendritic growth to take 
place, and the entire block takes on an equi-axed struc- 
ture ex: a 0S ae eee With still more 
rapid nucleation ing from lower pouring tem- 
pty the size of ve? ober grains becomes 
reduced and there is a complete disa ce of any 
significant dendritic growth. Nucleation at the centre 
can be pronounced only in alloys with a ing range, 
since such alloys may form nuclei over a 
tem: permitting freezing to take place at a 
number of centres at once. In a pure metal such as 

, the invariable freezing habit is dendritic down 
to the point where the metal can no longer be poured, 
for, with no freezing range, any temperature gradient 
is significant, and the ient can only be from the 
surface inwards. 

an Semeee Se Sat apenas, odeee 
@ mush a fairly steep temperature ient is 

ised Sor Gandsttie growth ; thet fe to cay, a marked 

in tem from the surface of the casting 
to the centre. the difference be less than a certain 
amount, equi-axed grains may grow in the centre. 
The mould surface produces a marked chilling effect 
on the first metal coming in contact with it. If the 
mould is heated greatly, as by a large mass of metal 
taking a considerable time to freeze, the effect of a 
temperature gradient is lost regardless of the 
temperature. Thus, in alloys with a mushy 
range, there would appear to be a limiting sectional 
size beyond which it would not be possible to have a 
wholly dendritic structure regardless of pouring tem- 
postee. Also, with thinner sections there would be a 
ower limit below which equi-axed grains would be unable 
to form, no matter how low the one temperature. 

With the normal soiid-solution alloy cooling from the 


reasonably good measurements have been made of 
liquid contraction; for the brass and bronze alloys, 
the work of Sager and Ash at the National Bureau of 
Standards a number of years ago still a to be 
quite reliable. Solid contraction is simply a re-state- 
ment of the familiar thermal coefficient of expansion. 

Solidification contraction is much less easily defined. 
If the alloy freezes over a of temperatures, then 
= eee vets © Sees ee ee 
simultaneously, for liquid and solid will both be 
present and also liquid in the process of transforming 
i i “ solidification ” 
contraction have been made for a number of alloys. 
The measurements that have been made are restricted 
to the conditions of the a. since cooling rates 
govern the composition hases as they pass through 
F ceametemeation alah oak tents SEG the Gt ae 
traction characteristics. Little is known of the depen- 
dence of the observed contraction characteristics on 
cooling rates. An evaluation would call for knowledge 


of the tion behaviour and of the phase equilibria 
of the alloys in question. With the —s of this 
knowl , there again should be excellent possibilities 
for ion. 


At this point it will be of interest to consider the 
blems involved in the production of a sound casting. 
The blocks described earlier may be thought of as 
analogous to risers on regularly-gated castings. In 
order to fulfil the purpose when used as a feeding head, 
the riser must remain molten as long as the casting is 
above the temperature of final solidification. As the 
casting solidifies contraction takes place, and the 
resulting voids must be filled with molten metal from 
the riser. eer ee cannot take place if the 
riser, or the gate ween riser and casting is not 
sufficiently molten to permit flow. 
Without inquiring further into the mechanics of flow, 








a difference of temperature is required between casting 
and riser to permit flow to continue until the point at 
which the casting has solidified. As is well understood, 
the riser as a feeding head is fulfilling a twofold purpose, 
it is providing liquid metal to offset the shrinkage a 

lace in the casting and is establishing a local region o' 
high temperature in the — to promote directional 
solidification so that the m can be fed. Practical 
observation by the author has been that if sectioned 
feeding heads show equi-axed regions, little 
feeding will have taken . The provision of such 
risers with hotter metal—indicated by a more fully 
dendritic structure—has usually been effective in 
avoiding unsoundness in the casting. 

The same reasoning applies to the casting itself. A 
casting showing considerable equi-axed structure adja- 
cent to the feeding head will be fed only with difficulty, 
regardless of the inherent ability of the head to feed. 
As indicated earlier, in heavy sections the effect of 
temperature gradient is small and an equi-axed structure 
is to be ga Such castings are difficult to 
cast soundly, and the normal amine & to Gok 
cold as possible in order to “~ contraction to a 
minimum. With such practice, little feeding takes 
place from risers, the risers functioning almost solely 
as heat reservoirs. 

The problems discussed thus far have been concerned 
only with the physical behaviour of solidifying metal, 
assuming the metal, as it lies in the before pouring, 
to be in an ideal condition for producing a sound casting. 
These problems are complex and, unfortunately, in a 
study of them it is exceedingly difficult to control the 
other variables that enter into, yet are not a part of, 
the freezing process. Gas, whatever the source, is the 
principal offender, and has long been a subject for 


of | discussion among foundrymen. 


Of the gases, hydrogen appears to be the worst 
offender, whatever the metal being cast, ferrous or 
non-ferrous. A relatively high solubility in the molten 
state and low solubility in the solid state means that 
large volumes of gas may be rejected in the freezing 
range in melts which have been e to adverse 
atmospheres. Hydrogen, either as such or in com- 
bination, is present in copious quantities in melting 
atmospheres provided by gas liquid fuels. With 
electric melting, water vapour in the air can be dis- 
associated at melting temperatures by carbon or carbon 
monoxide from crucible or lining materials, coke 
covers, etc., yielding free hydrogen. Carbon mon- 
oxide has been strongly suspected in the past of being 
itself a cause of porosity. Current opinion seems te be, 
however, that the carbon monoxide—water vapour 
reaction, which produces hydrogen, is responsible. 
The industry is indebted to T. F. Pearson and 
W. A. Baker for clarifying this point. 

The quality of the metal as indicated by the test 

imen is usually considered as a measure of the 
an toning < the melt. Badly gassed metal will 
show up in almost any test specimen cast under normal 
fi conditions. The gassing to be considered is 
ly taken for granted to be hydrogen. Obviously, 

the rejection of gas in the dentrites in the freezing 
range will interfere with feeding mechanisms, resulting 
in unsoundness and lower density in the casting. In 
most of the work that has been carried out, the effect 
of gas rejection has been considered only with respect 
to solubility at atmospheric conditions. In gas-free 
metal, however, a virtual vacuum should exist in the 


voids ed up by simple freezing contraction. 
Inasmuch as gas solubility decreases with decreasing 
the gas dissol in metal adjacent to voids 


this freezing contraction will be 
rejected to a much higher degree than anticipated 
from knowledge of the solubility at atmospheric 
. It must be concluded that any confined 
void developed thro freezing contraction will 
contain rejected gas. e ure will diminish 
with lowering gas contents of the melt, but will not be 
absent except in metal which is absolutely gas-free. 
In line with the above reasoning, zinc in the brasses 
and zinc-bearing bronzes can be assumed to vaporise 
into the voids at the low pressures involved, thus con- 
tributing a certain micro- ion to the alloys. 
The question that arises is whether this rejected gas 
(or vapour) can be re-dissolved sufficiently rapidly to 
— complete feeding to take place. The author, 
observation of many bronze micro-samples, 
doubts the probability of such re-solution. In all the 
samples examined, none has been found completely 
free from shrinkage of the sort variously known as 
incipient shrinkage or micro-shri . Included in the 
examination were the i test specimens 
showing exceedingly high physical ors omg To the 
author, this is one of the reasons why the as-cast pro- 
perties never quite equal the properties of the same 
materials after being worked and annealed. A major 
problem confronting metallurgists and foundrymen is 
that no good method has been developed for deter- 
ining gas contents, either of a melt or of a casting of 
the -base alloys. 
In the research work that has appeared, properties of 





castings have been predicated on an egiinny * melt- 
—. As generally implied, high melt-quality 

efines melts which are so low in deleterious gases and 
other impurities that the metal, as it is poured from 
the is capable of producing superior castings if the 
moulding sand and gating technique be correct. This 
melt-quality is ordinarily measured by the properties 
shown in test-specimens cast from the melt. As 
pointed out earlier in the paper, inadequacies of the 
test-specimens as 4 measure of melt-quality make for 
rather poor definition of this quality. Furthermore, a 
test-specimen yields only a post mortem measure of the 
quality of a heat, whether good or bad. 

To overcome this, a research project is now being 
carried out at the University of Michigan under the 
sponsorship of the Brass and Bronze Research Com- 
mittee of the American Foundrymen’s Society for the 
development of a fracture test. By correlation of a 
ae examination test with the i < a 
physical test-specimen from the same heat, it is hoped 
that a useful test can be developed which can be 
quickly performed and thus show the melt quality of 
a heat before the heat is poured. Such a test would be 
of the greatest value to the bronze foundryman, in the 
avoidance of rejects from melts which have gone off 
the track. This project has only recently been 
initiated, and although it is a very difficult task, it is 
earnestly hoped that a useful test procedure will result. 

Another cause for the rejection of castings is included 
in that general term used by all foundrymen, “ dirt.” 
Dirty castings may result from a variety of causes. 
Here it is proposed to touch on only that variety which 
results from entrap dross. At normal pouring 
temperatures virtually all alloys oxidise readily in 
contact with the air. In most alloys, the formation of 
an oxide skin is ion against further oxidation. 
If it is F a gone to form and keep intact a single oxide 
layer, clean castings will result (if other conditions are 
correct). In the usual running of a mould, turbulence 
of the metal stream will cause breeking up of the first 
oxide layer and present fresh metal to oxidised. 
Thus, it is possible for large amounts of metallic oxide 
to be entra in the casting; such castings are 
described as “ dirty.” All castings are susceptible to 
this type of defect, but in alloys which form 
oxides of a density near that of the alloy, such defects 
may become a serious cause of rejection. The alu- 
minium bronzes produce clean castings only with the 
greatest care, because of the formation of the highly 
refractory aluminium oxide. 

By avoiding turbulence and maintaining a stream- 
line flow, the first-formed oxide skin will not break 
away to expose fresh metal, and this technique is an 
objective in sound gating practice. The mechanics of 
flow in bronze have been studied extensively 
at the Naval Research Laboratory, and a report on this 
work has been made in the American Fou , 
vol. 10 (5), page 59 (1946), by Robertson and Hardy. 
The theory of turbulent and streamline flow has been 
carefully considered and experiments have been = 
formed to test the application of the theory. e 
underlying principles developed by Robertson and 
Hardy are a noteworthy advance and show the way for 
a t deal of valuable experimentation. 

t has been the intention in the present paper to 
review the mechanics of solidification of the brass and 
bronze alloys and to touch on a few of the factors that 
interfere with normal solidification processes. Recent 
American investigations on these factors have been 
discussed, not from the standpoint of a critica] review, 
but more to indicate the present state of knowledge. 
The writer has endeavoured to point out what is not 
known rather than what is known, in the sincere hope 
that someone, whether research worker or practical 
foun: will be inspired to follow up that spark of 
an idea which will help to advance the foundry art to 
a true science, 





GAUGE AND TOOL MAKERS’ ASSOCIATION.—The annual 
genera) meeting of the Gauge and Tool Makers’ Associa- 
tion will be held on Wednesday, June 29, at the Savoy 
Hotel, Strand, London, W.C.2. The meeting will be 
preceded by a luncheon. 





SHortT-CincurrT TESTING OF ELECTRICAL APPARATUS.— 
A new and enlarged edition of their publication giving 
general informaiics on the short-circuit testing and 
certification of electrical apparatus has been issued by 
the Association of Short-Circuit Testing Authorities, 36, 
Kingsway, London, W.C.2. The objects of the Asr *tia- 
tion are to conduct an organisation for the short-c_rcult 
testing of switchgear, fuses, power and current trans- 
formers, and other electrical apparatus, and to advance 
the art of short-circuit testing in all appropriate ways. 
Stations are available at Trafford Park, Chelmsford, Bir- 
mingham, Stafford, and Hebburn-on-Tyne, where tests 
are carried out and from which reports of performance 
and certificates of rating under the seal of the Association 
are issued. These certificates are endorsed by the 
National Physical Laboratory. 
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HIGH-VOLTAGE TRANSMISSION IN 
GREAT BRITAIN.* 
By T. G. N. Haupang, M.A., M.Inst.C.E., M.1.E.E. 


Ins this paper, an attempt is made to a h the 
blem of power transmission in Great Britain on 
lines. A detailed approach would require more 
statistical information than has been published and 
would not be possible without the assistance of data 
which is only available to the British LHlectricity 
Authority. Even with such data, precise calculations, 
especially of the advantage to be from inter- 
connection, would be hard to make, and would still 
involve assumptions about future conditions. 
In 1928, the maximum demand for electricity in 
this country was sbout 3,000 MW and the snnual 


consumption 9,000 million kWh. At the t time, 
the maximum demand is about 12,000 and the 
consumption 46,500 million kWh. Making the 


conservative assumption on aa hae next 20 years 
the average geometric growt! 7 per cent. 

1958, the consum: will be 91,540 chillion k 

vith a maximum of 21,010 MW, and will have 
risen to 180,100 million kWh with a maximum demand 
of 37,630 MW in 1968. To cater for this growth in 
load an enormous increase in capacity will 


be nquieed Comes Seas Se must also 
be a extension of 


grid, particularly 
as an ever-increasing proportion ote o gall new generating 
stations will be remote from the load. 
connection is tibely to" to 
as in the past, it will 
essential to design a 
imposed on the existi 
higher voltage. The 
high- tage s is best 
a “national "bus-bar.” 
sidered in pene with such a —— po aa gl is 
y, especially in so as this is in- 
Susoned tet tes the inte inter area transfers which are likely to 
be required during the next 20 years. As in the case 
of the inter of generating stations, the 
interconnection of areas, which are themselves 
gates of a large number of stations, can result in a 
saving of plant. The size of the individual unit of 
ee ee 0 ee It is 
ly that 60-MW and larger sets will become general 
in the comparatively near future, partly because the 
amount of plant which can be installed on the site is 
pom my increased and the cost per kilowatt reduced and 
because of the urge to speed up the rate of 
Etaltion The trend towards these larger sets will 
be ees 2 SS ae can be modified to give 
operational flexibility 
othe other main factor is plant availability. It 
that the average non-availability of plant due 
to breakdown is at present between 8 and 10 per cent, 
It would be to assume that this cannot be | 8T©% 
red facing he cnet SEO es 
Stee © oll be sae SS ee 
6 per cent. Taking this figure, it appears the 
amount of generating plant which can be saved by 


complete a Se ae into 
seven isolated areas, will be some 1,400 or the 
country as a whole by 1958 and 2,200 MW by 1968. 





In a fully interconnected system transmission ~ y 
will be needed so that when a local defi of spare 
plant occurs it can be made good by imports from other 


areas. On the average, this transmission capacity will 
be equal to one seventh of the total plant saved or, 
say, 300 MW by 1968. This figure represents the 
maximum import into an area and will only be required 
very rarely. It will not therefore need to be covered 
to any great extent by spare transmission capacity. 
A her reason for interconnection is the existence 
of diversity at times of maximum demand under 
normal conditions; and the _ consequent possibility of 
a saving in the total t required when a 
number of systems are linked. is diversity, however, 
is smaller than that between the relatively small 
systems, although it should be borne in mind in esti- 
ting inter-area transfers. Area diversity cannot be 
reduction in the total 
years’ time, when the use 
heating will no doubt have 
: wy Ss the pola TS aee of Mente teen 
t it 
Ss extreme weather conditions. 
As it takes nearly five years to plan, construct and | Cardiff 
«modern power station into operation, the invit 
> a ay © predicting area loads is a factor 
which will involve surprisingly nee een 8 ee 
with the loads to be in, say, 20 years time. 
Detailed consideration ws, however, that intercon- | of 
nection Por er Bg the great oe in reducing ge 
due to errors, carrying 
ho cyclins must’ tanclnee bo apeaiead on aie ta 1 
mind. Another factor which may prove to be of great 





* Paper read before the British Electrical Power 
Convention, Torquay, on Thursday, June 16. Abridged. 





importance, is that it may be easier to find power- 
station sites in some areas than in others. This will 
again necessitate inter-area transfer capacity. The 
broad conclusion to be drawn from these considerations 
is that the av transmission capacity into each 
area should be at least 250 MW in 1958 and 400 MW 
in 1968, As a result, there will be a direct saving of 
plant (as com: with completely isolated areas) of 
about 1,500 in 1958 and 2,500 MW in 1968. At 
the same time, the operating staff will be provided with 
a flexible system. This estimate of i 
capacity may be compared with the use which has been 
made of the existing facilities. Such a com 

shows that the excesses and deficiencies of t, as 
represented by grid a or exports, fluctuate 
Sebween 4-0-7 gar oom. and — 32-3 per cent. or, if 
the abnormal year 1942-46 is excluded, between 
+ 9-3 cent. and — 7-2 percent. Even if the possi- 
bility that transfer is in some cases limited by trans- 


mission-line capacity, 
conditions in 1968, fend to suggest that the gure of 
aaieed "bus-bar will also 


400 MW given above is conservati 
An extra-high voltage 
came terre ail ap question of switchgear 
i In the early days of the grid the 


7A of the grid was cbout 1,200 MVA. 
‘A was therefore uate. 


maximum fault 


will soon be at certain points. Moreover, as 
the installed ca; , the equivalent reactance 
falls and the it MVA rises. 


connectors. 
rent might be achieved by reactors, 
sooner or later lead to difficulties in con 
voltage and flow of power. The proper 
connectors, the ler hs and reactances of which are 


unequal, is also cult; and the the position is 
the at de inter- 


complicated by the fact that some 
“ee Se distributors. 

The only way of overcoming these difficulties is to 
determine a maximum size of area in terms of installed 
generating plant and to arrange to split the areas when 
they grow beyond this maximum size. The areas must, 
of course, tener ath interconnected ; and this 
can be sati achieved by superim 
Baer veiing? pon the transformers of which pro- 

ide a natural reactive limitation to the fault ‘ ‘in-feed 
oo ee ees See —. It is also 
important, from point of view of flexibility in the 
control of inter-area elmo ~ eg 
should be pure interconnectors and not mixed up with 
distribution. Such a simple -capacity intercon- 
aes *bus-bar would permit control of inter- 


wer flow and would avoid the complications | i 


cal cuuectey? by y 132-kV interconnectors, the dis- 
the electrical characteristics 
ae to 4. ice thats operation. 
me & eer See Cee ee es Yow 
in other countries that the limit of is 
rapidly extending and there are good reasons why a 
higher than 132 kV is necessary for a national 
*bus-bar. Among these are that an increase in voltage 
brings with it a decrease in the number of faults due to 
lightning, a reduction in the difficulty of o 
way leaves for a multiplicity of 132-kV lines, and — 
purely economic question of freedom in 
voltage which gives the lowest annual costs for the 
loads or distances involved. A voltage above 132 kV 
can be justified on grounds of cost alone, although this 
difference Ln & not be geet for a purely interconnecting 
these together with = 


epparing cape, empet — 


which is | 


pe il por 

sae cashes to Spee te aon 132 
the choice is im in cable Te aoee. 
Having in min British fom itions of distance, 300 kV 
may be regarded as a maximum for which the a tus 
should be while an operating of 
275 kV seems the right choice. 

A tentative layout for a 300-kV national *bus-bar, 
imposed on the existing 132-kV 
Tendon to Biiabargh, ths lotter samatag vie Biaiag 

ion to » the 
ham and Manchester and via Sheffield and Newcastle, 
eeeeey There might also be connections between 
Birmingham and Sheffield and Manchester. 
This would give substantial north-to-south and east-to- 
west inter-connection and transmission facilities ; and 
would cost between 20/. and 22/. million at present 
es Such a system would permit the interc 
400 MW or more between all areas and would result 
in a saving of 1,750 MW of generating plan 
country as a whole. This would represent a financial 
ving of 88/. million assuming a figure of 50I. 
kilowatt installed. Within ten years it should thus be 
ible to save 700 MW of plant, about 
million, compared with the capital cost of 20/. to 
221. million for the national "bus-bar. 
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The economies in ing costs which the *bus-bar 
would permit are difficult to estimate even approxi- 
mately. The ama Bl ard the whole of the gener- 
wre % sxe on a basis, however, i is bound to 

in considerable savings. "There is already scope 
for improvement in the operation of power stations, 
since an examination of the operating costs of a 
— of oF of shift oo shows differences of as 
much as 0-1 watt-hour. During off- 
periods it welts possible to transfer energy — 
area to area whenever the difference in operating costs 
exceeded the 300-kV transmission losses. Taking the 
latter as about 5 per cent., transfer becomes profitable 
when the difference in operating costs exceeds about 
0-015d. per kilowatt-hour. It is reasonable to suppose 


losses, vatnae 0084. per koa boar, ‘Dedusing 
per kilowatt-hour. Apart from such normal transfer, 
there is likely to be an appreciable transfer due to 
base-load plant being out of action. Transfer from 
other areas may, in such circumstances, save running 
the more costly two-shift and one-shift stations during 
off-peak hours. Such energy transfer between areas 
may result in savings of at least several hundred 
thousands of pounds per annum in 20 yeais ti 
facilities provided by the 300. "bus-bar 


in fact, that it would place a more flexible instrument 
in the hands of the control and render possible 
substantial 


ydro-electri 
further | Within limits, the "bus-bar might 
purposes, but generally speaking it would be desirable 
to have a system for bulk transmission, 
a voltage of 400 kV, if the loads are sufficiently 
Ts te abo fensonable to expect that, within the meat 
20 years, the whole of Western Europe will be inter- 
connected, probably by a 400-kV system. Sufficient 
attention has not yet been paid to the inter-connection 
a|of Great Britain with the Continent. This would 
involve only ——T short submarine trans- 
mission across waters whic are not excessively deep. 
Some day a Channel Tunnel may obviate the need for 
submarine cables and it is worth while drawing atten- 
ee 
pilot tunnel that might be driven. Many of the argu 
ments in favour of increased inter-connection between 


Wine lantetion of long tiene bility prob. 
oO ° 

lems. Such a development would be favoured by the 
relative cheapness of direct-current cables. 
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50-KW TURBO-GENERATOR FOR 
INSTRUCTIONAL PURPOSES. 


Ly order to assist in the training of electrical- and 

mechanical-engineering students in various of 
the world, Messrs. C. A. Parsons and Company, ited, 
Newcastie-on-Tyne, are presenting to a limited num- 
ber of universities complete turbo-generatin; 
This year marks the Diamond Jubilee of , Faccon 
Parsons and although the presentations were not 
planned specifically to celebrate this event, the coinci- 
dence certainly will remind the recipients of this 
occasion. Each set is designed for a maximum output 
of 50 kW and is eq with all the necessary auxi- 
liaries, including s condenser, air ejector and 
pump. Each comprises a turbine of the impulse- 
reaction type, which runs at 8,000 r.p.m. and drives a 
direct-current generator through single-reduction, 
double-helical gearing at 3,000 r.p.m. 

A photograph of one of the — is reproduced in 
Fig. 1, on this page, while drawings showing elevation 
and plan views are given in Figs. 2 and 3. A sectional 
elevation through the centre line of the turbine is shown 
in Fig. 4, on the page. The bottom half of the 
turbine cylinder for the reaction blading, together with 
the surface condenser, the bottom porti jon of the gear 
ease and the bedplate, form a cage iron casting. 
The steam-end portion of the cylinder is a separate 

ing which incorporates the runaway stop valve, 
the governor valve, the irapulse nano and blading, 
and the bottom-half dummies. The main bedplate is 
fitted directly to the foundation block and has bolted 
to it an extension bedplate which supports the gener- 
ator. The outer end of the steam-inlet portion is 
provided with two feet. These are bolted to I-sections 
of considerable — which, in turn, are attached to 
- the main te and have sufficient flexibility in the 
longitudinal at direction to accommodate the movement 
of the end feet due to thermal expansion. The 
operating steam pressures and temperatures are 
different for the various units, the pressure ranging 
from 120 Ib. per square inch to 200 Ib. per square inch, 
and the temperature from saturation up to 550 deg. F. 
No alteration is made to the blading, however, the 
nozzle area being varied to suit the steam conditions. 
The nozzle block is of forged steel and is built up 
from an inner and outer segment. The steam passages 
are milled into the outer surface of the inner segment 
and the parts are joined by radial rivets. 

There is # single velocity wheel and 14 pairs of 
rows of reaction b ; photographs of the turbine 
rotor and the upper of the stator casing are repro- 
duced in Figs. 5 and 6, opposite. The impulse blades are 
machined from bar stock and have integral roots and 
riveted-on shrouds. The reaction blading, which is 
of the end-tightened type, is of segmental construction, 
the root ions brazed, while the shrouds 
are attached by hand brazing. The shrouds are wider 
than the blades, the projecting portions having knife 
edges which work in conjunction with the faces of 
the spacing sections of the adjacent row of blades to 
provide seals. Monel metal is used for the shrouds 
and stainless iron for both impulse and reaction 
blading. The turbine rotor is provided with a dummy 
— for balancing the end thrust, the usual form of 

byrinth seal being fitted to control leakage of steam 
past the The seal consists of a series of collars 
mac on the turbine rotor and brass strips fitted 
to the turbine casings, the strips working in conjunction 
with the faces of the collars and the surface of the 
shaft to provide seals in axial and radial directions, 
respectively. A pipe is led from the outer end of the 
dummy piston to the turbine exhaust space, thereby 
ensuring that this end of the gland is placed under 
vacuum when the turbine is in operation. The glands 
are of the carbon-ring type, sealing steam being intro- 
duced between the two inner rings and a vent pi 
between the two outer rings. The pressure of the 
sealing steam is reduced by an orifice fitted into the 
supply pipe and regulation of the pressure is provided 
by a valve at the downstream side of the orifice. 

The turbine is fitted with an emergency stop valve 
and a governor valve which, as previously indicated, 
are fitted to the steam-inlet casing. An emergency 
governor of the eccentric-bolt type fitted to the end 
of the turbine shaft is arranged to trip the — 
valve mechanically when the speed exceeds 9,000 r. 
while the governor valve is actuated directly og a 
centrif governor of the axial-spring type. This is 
driven from a cross-shaft, which, in turn, is driven 
at a speed of 2,000 r.p.m. through a worm and worm- 
wheel reduction gear, the former being fitted to an 
extension of the turbine shaft; the cross shaft, worm- 
reduction gearing and turbine-extension shaft can be 
seen to the left of Fig. 4, opposite. A hand regulating 
mechanism is provided, es which the speed at any load 
can be set to any requi ae within the range of 
the governor. The cross s also drives a gear-type 
lubricating-oil pump, the tank for which is incorporated 
in the turbine bedplate; a hand-operated pump is 
provided also for priming the system when starting 





50-KW GEARED TURBO-GENERATOR. 


MESSRS. C. A. PARSONS AND COMPANY, LIMITED, NEWCASTLE-ON-TYNE. 

























































































Condenser Tube +e 
Vac ithdrawal ipese / 
' ; : 











(9540.6) 



































“ENGINEERING” 











JUNE 17, 1949. ENGINEERING. 


561 














r 
/, pr 


} N \ SSS . 





S 





hLhbddaa 


z 
ttt ttt) 


| 
S WAY 
SONY 


5 PPT 
“SQ iZ Mas ry 
ASS ESSDZ 


YU 

A Uf 

Fo as 

Wy, 
yy 

YY 
RG, 
ww, 


SS 


Wty 


ttt tbh 





Uhl Ze 





= . IN ar 
; SS SSS LSS 
; WN te 


> 
\ 


QS 


? 











| 


S RGSS NA MIATA SSS 








OO0000000000 
CO0DN0N0N000000N0 \ 
CODD ODNDN0NN0N00000 00 
jojo ofojolojeolejolejejejeyelelole 
Ni OOON0NDNNOONOOCSCCCOCOC OO fk 


12) 


Wy 
Vth p> rome p> 


Viddddda 
Y 


50-KW GEARED TURBO-GENERATOR. 


MESSRS. C. A. PARSONS AND COMPANY, LIMITED, NEWCASTLE-ON-TYNE. 
































ee aa... . 


Lddddddddddddddddadddddddddddddddddaadadadddédd 


Ka 





SY NN 
VSO 














Fie. 5. Tursrwe Roror. 

















Fic. 6. Upper Parr or Casrina. 











“ENGINEERING” 
up. The surface condenser is arranged below the 
turbine exhaust, its axis being at right to the 


longitudinal axis of the turbine. It is the two- 
flow type, having a cooling surface of 90 sq. ft., and is 
designed to maintain a vacuum of 26 in. of mercury 
when supplied with cooling water at a temperature 
of 75 deg. F. A two-stage steam-jet air ejector is 
fitted and a motor-driven pump is provided for the 
extraction of the condensate. 

The generator is a shunt-connected compound-wound 
machine having a rated output of 50 kW at 240 volts. 
The armature core is built up from electrical sheet-steel 
laminations, which are assembled directly on to a 
steel shaft. The end rings are of light-alloy construc- 
tion, which, in addition to locating the core, also 
support the end windings. The core-plate assembly is 
insulated by stoved varnish and the armature conduc- 
tors by moulded Micanite, the conductors being held 
in position in semi-closed slots by linen wedges treated 
with Bakelite. The commutator is of the shrunk-ring 
type, solid risers, integral with the segments, being 
provided in order to prevent carbon dust from entering 
the windings. The magnet yoke is of cast iron and is 
provided with shields at both ends. The complete 
generator casing is mounted in trunnions and is fitted 
with a torque arm, thereby enabling the generator to 
be used as a dynamometer for measuring the total 
output from the turbine. The machine is ventilated 
by an axial-flow fan fitted to the turbine end of the 
armature shaft, the air being directed on to the com- 
mutator before exhausting to atmosphere. 

Many extra features are embodied in the machine 
so as to provide the maximum facilities for instructing 
students. In addition to the usual series turns in 
each interpole, for example, a separately-excited auxi- 


liary wi g is fitted which is controlled by a potentio- 
meter rheostat so as to permit the effect of in le 
field strength on commutation to be observed. er- 


more, the leads and terminals are arranged so that the 
compounding windings may be diverted or disconnected 
at will for demonstrating the characteristics of shunt- 
and compound-wound machines. To enable detailed 
test data to be obtained, provision is made for measuring 
the steam pressure and temperature before and after 
the stop valve, while pressure connections are provided 
in the impulse-wheel chamber, at several inter-stage 
points in the reaction blading, and at the turbine 
exhaust. The pressure and temperature of the steam 
supplied to the ejector also is measured, and a number 





of —— and temperature points are incorporated 
in the cooling-water circuit. 
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LAUNCHES AND TRIAL TRIPS. 


8.8. “ Osto.”—Single-screw cargo vessel built by 
Messts. Short Brothers, Limited, Sunderland, for the 
Dampskibsselsk. Pacific A/S, Copenhagen, Denmark. 
Main dimensions: 330 ft. by 47 ft. by 27 ft. 11 in. to 
shelter deck; deadweight capacity, about 3,700 tons 
on a draught of 20 ft. Triple-expansion engine of reheat 
design and two multitubular oil-burning boilers, installed 
by Messrs. George Clark (1938), Limited, Sunderland. 
Service speed, 12 knots. Launch, June 9. 


8.S. “ Jason.”—Singie-screw cargo liner, carrying 
some 30 passengers, built by Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, Wallsend-on-Tyne, for 
the Blue Funnel Line of the China Mutual] Steam Navi- 
gation Company, Limited (Messrs. Alfred Holt and 
Company, Liverpool). Main dimensions: 485 ft. (be- 
tween perpendiculars) by 69 ft. by 38 ft. 6 in.; dead- 
weight capacity, about 11,500 tons on a draught of 
30 ft. 9in.; gross tonnage, about 11,500. Steam turbines 
with double-helical double-reduction gearing and two 
Foster Wheeler oil-burning boilers, constructed by the 
Wallsend Slipway and Engineering Company, Limited, 
Walisend-on-Tyne, to develop 14,000 s.h.p. at 106 r.p.m. 
in service, and a speed of 18 knots. Launch, June 9. 


S.S. “ Persic.”—Twin-screw refrigerated-cargo liner, 
built by Messrs. Cammell Laird and Company, Limited, 
Birkenhead, for Messrs. Shaw Savill and Albion Com- 
pany, Limited, London, E.C.3. Main dimensions: 
561 ft. by 72 ft. by 43 ft. 4} in. to shelter deck; dead- 
weight capacity, about 13,200 tons on a draught of 
31 ft. 3 in.; gross tonnage, approximately 13,750. 
Two sets of single-reduction geared turbines and two oil- 
fired Foster Wheeler boilers, to develop a total of 14,000 
s.h.p. at 119 r.p.m. in service. Speed, 17 knots. Launch, 
June 10. 


M.S, “ VIKINGEN.”—Single-screw oil tanker, built and 
engined by Messrs. Harland and Wolff, Limited, Belfast, 
for the Tanker Corporation, Panama City, Panama 
(Messrs. Johan Rasmussen & Co., Sandefjord, Norway). 
Main dimensions: 487 ft. 6 in. by 59 ft. by 34 ft. 10 in. ; 
deadweight capacity, about 12,000 tons on a draught of 
27 ft. 6 in.; gross tonnage, about 8,200. Six-cylinder 
single-acting four-stroke Harland-B. and W. Diesel 
engine developing the required horse-power at 115 r.p.m. 
Launch, June 10. 


M.S. “ STEINGRIM STANGE.”—Single-screw oil tanker, 
built by Sir James Laing and Sons, Limited, Sunderland, 
for Skibs A/S Arnstein (Messrs. Harald Stange & Co. A/S), 
Oslo, Norway. Second vessel of an order for two. Main 
dimensions: 475 ft. (between perpendiculars) by 67 ft. 
44 in. by 37 ft. 4 in.; deadweight capacity, about 
15,400 tons on a summer draught of 28 ft. 114in. Four- 
cylinder oil engine supplied by Messrs: William Doxford 
and Sons, Limited, Sunderland, to develop a speed of 
124 knots. Launch, June 10. 

8.S. “‘ PLaTHoim.”—Single-screw trawler, built by 
Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for Messrs. Neale and West, Limited, Cardiff. Main 
dimensions: 137 ft. 6 in. (between perpendiculars) by 
25 ft. by 13 ft. 6 in.; gross tonnage, 320. Triple- 
expansion engines of 680 i.h.p. at 125 r.p.m., and one 
oil-burning boiler, constructed and installed by Messrs. 
Amos and Smith, Limited, Hull. Launch, June 11. 





CONTRACTS. 


Messrs. THE HUNSLET ENGINE COMPANY, LIMITED, 
Jack-lane, Leeds, 10, are building a 0-6-2 tank loco- 
motive for the 2 ft. 6 in. gauge Nepal Government 
Railway. The cylinders are to have a diameter of 
102 in., and a piston stroke of 16 in. The wheels are 
to be 30 in. in diameter, the boiler pressure is to be 
180 Ib. per sq. in., and the weight, loaded, 23 tons. 


Messrs. MARCONI’S WIRELESS TELEGRAPH COMPANY, 
LIMITED, Marconi House, Chelmsford, Essex, have 
received an order from Cable and Wireless, Limited, for 
22 Marconi-Siemens radio-telephone terminal units for 
installation in various parts of the world. These 
terminal units have been designed to minimise the special 
problems of linking radio and land-line transmission. 
They ensure stability of signals and provide facilities for 
controlling the signal level, for discriminating against 
line and radio noises and for rendering conversation 
unintelligible to unauthorised listeners. The terminal 
units include full alarm and testing facilities; they can 
be remotely controlled and a number of terminals can 
be handled simultaneously from a central control. 





CENTENARY OF “ THE Gas JOURNAL:” ERRATUM.—In 
referring, on page 543, ante, to the centenary issue of 
The Gas Journal, we stated inadvertently that our con- 
temporary claimed to be “ the oldest trade paper in the 
world,” instead of “‘ the third oldest.” In fact, The Gas 
Journal was preceded by The Builder (1842) and The 
Mining Journal (1835); and The Mechanic’s Magazine 
(now Mechanics) dates from 1823. 





BOOKS RECEIVED. 


Engineering Coliege Research Council of the American 
Society for Engineering Education. Telling the Story 
of Engineering Research. The Secretary, Engineering 
College Research Council, College of Engineering, State 
University of Iowa, Iowa City, Iowa, U.S.A. [Price 
50 cents.) 

Engineering Contracts and . By Ropert W. 
ABBETT. Second edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 3.75 dols.] Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
22s. 6d. net.) 

The Specifications and Law on Engineering Works. By 
Walter C. SaDLER. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
{Price 5 dols.] Chapman ard Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 30s. net.] 

Handbibliothek fiir Bauingenieure. Edited by ROBERT 
Orzen. Part 4. Konstruktiver Ingenieurbau. Volume I. 


with Particular Reference to Contemporary Influences and 
Conditions. By. M. J. B. Davy. Second edition. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 8s. 6d. net.) 

Der Boden als Baugrund. Mit Ergebnissen eigener 
Versuche. By Dr.-Inc. HEINRICH PREss. Third 
revised edition. Wilhelm Ernst und Sohn, Hohen- 
zolierndamm 169, Berlin-Wilmersdorf, Germany. 
{Price 6 DM.] 

Statik leicht verstdéndlich dargestellt. Part I. Graphische 
Statik. Revised by FRIEDRICH STIEGLER. Sixteenth 
edition. [Price 3 DM.] Part III. Grdssere Konstruk- 
tionen und Stahibetan. Revised by FRIEDRICH STIEGLER. 
Fifteenth edition. [Price 3.40 DM.] Wilhelm Ernst 





und Sohn, Hob ierndamm 169, Berlin-Wilmersdorf, 
Germany. 
Die Verbr kraft hi Edited by PRroressor 





Dr. Hans List. Volume I. Part I. Vorwort und 
Einfihrung zum Gesamtwerk, by Dr. Hans List; and 
Die Betriebsstoffe fiir Verbr gskraft: hi . by 
Dr. A. Poiippovica. Second edition. Springer-Verlag, 
Mélkerbastei 5, Vienna 1, Austria. [Price 11. 16s.] 

Bergbau-Archiv. Volume 9. Gesammelte Beitrdge aus 
Wissenschaft und Praxis des Bergbaus. Editors: 
Cc. Pommer and D. OTTro van Rossum. Verlag 
Glickauf G.m.b.H., Hauptstrasse 43, (22a) Kettwig, 
Ruhr, Germany. [Price 15 DM.] 

Giorgis rationales MKS-Mass-System mit Dimensions- 
kohdrenz fiir Mechanik, Elektromagnetik und Atomistik 
fundiert auf Kalantaroffs [(LTQ¢)-System. By 
PROFESSOR EUGEN BODEA. Second edition. Verlag 
Birkh&user, Elisabethen-strasse 15, Basle, Switzerland. 
[Price 24.50 Swiss francs.] 

Lancashire County Council. Road Plan for Lancashire. 
A Report on Existing and Proposed Road Communi- 
cations Within the Administrative County. Prepared by 
JaMES DRAKE, County Surveyor and Bridgemaster. 
County Offices, Preston, Lancashire. [Price 25s.] 

Hot-Water Engineering. Edited by E. Mottoy. Second 
edition (revised). George Newnes Limited, Tower 
House, Southampton-street, Strand, London, W.C.2. 
[Price 21s. net.] 

The Physical Chemistry of Process Metallurgy. Discussions 
of the Faraday Society, No. 4. Gurney and Jackson, 
98, Great Russell-street, London, W.C.1. [Price 30s.] 

The Annals of the Computation Laboratory of Harvard 
University. Volume XI. Tables of the Bessel Functions 
of the First Kind of Orders Forty Through Fifty-One. 
By the SraFF OF THE COMPUTATION LABORATORY. 
Harvard University Press, Cambridge 38, Massa- 
chusetts, U.S.A. [Price 10 dols.}] Oxford University 
Press (Geoffrey Cumberlege), Amen House, Warwick- 
square, London, E.C.4. [Price 55s. net.) 

The British Electrical and Allied Industries Research 
Association. Technical Reports. No. G/T216. Con- 
sistency of Timing Obtained with Heavy Trigger-Released 
Mechanisms. By L. GosLanp and A. A. Hupson. 
[Price 12s. met.] No. L/T182. Rheological Properties 
of Dielectric and Other Materials—Second Report. By 
Dr. G. W. Scorr BLam and J. E. Carryn. [Price 3s. 
net.) No. L/T200. Dielectric Properties and Premelting 
in Ketones. By Dr. V. DANIEL. [Price 6s. net.] No. 
M/T99. Production, Flow and Effects of Harmonics 
in A.C. Transmission Networks. By H. R. J. KLEwe. 
[Price 68. net.] Offices of the Association, 15, Savoy- 
street, Strand, London, W.C.2. 

Design and Construction of Reinforced-Concrete Bridges. 
By A. W. Leeat, G. Dunn and W. A. Falrpurst. 
Concrete Publications, Limited, 14, Dartmouth-street, 
London, S.W.1. [Price 30s.] 

Mines, Minelayers and Minelaying. By Captain J. S. 
Cowiz. Oxford University Press (Geoffrey Cumber- 
lege), Amen House, Warwick-square, London, E.C.4. 
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' PERSONAL. 


Mr. A. G. Ramsey, O.B.E., B.Sc.(Eng.), M.I.C.E., 
M.1I.Mech.E., M.I.E.E., has accepted the invitation to 
continue as President of the Association of Supervising 
Electrical Engineers for a second year. He will deliver 
his second presidential address at the opening meeting 


'of the Association’s London session on October 18. 


Mr. L. R. PERKINS has been re-elected chairman of the 
Executive Council of the Association for the 1949-50 
session. Mr. F. W.Smrru has been elected vice-chairman 
and Mr. E. J. Surron, M.I.E.E., has been re-elected 
honorary treasurer. 

Dr. A. Pope, who was appointed lecturer in engineering, 
with special responsibility for research, at the University 
of Sheffield, in 1945, is to succeed Prorgssor C. H. 
BULLEID, O.B.E., M.A., A.M.1.C.E., M.I.Mech.E., in the 
Chair of Engineering of the University of Nottingham. 
Dr. Pope will take up his duties at the commencement of 
the 1949-50 session. 

Mr. J. C. NEEDHAM, senior managing director of 
Messrs. Evershed and Vignoles, Limited, Acton Lane 


*| Works, Chiswick, London, W.4, retired on May 31 


after 48 years of service with the company. Myr. Need- 
ham, who was elected to the board in 1936 and became a 
managing director in 1940, retains his seat on the board. 

A further recent addition to the staff of Power Jets 
(Research and Development) Limited, is that of Mr. 
D. L. Brown, A.M.1.C.E., A.M.I.Mech.E., M.I.Gas.E., 
A.F.R.Ae.S., who has been appointed Principal of the 
School for Gas Turbine Technology, Lutterworth. 

Mr. R. A. Davis, O.B.E., has relinquished the position 
of deputy managing director of Harry Ferguson Limited 
and has resigned from the board of that company. 

Mr. Jonn Austin, M.I.N.A., M.I.Mar.E., chief super- 
intendent engineer, Cunard White Star Limited, who 
joined the shore staff of the Cunard Steamship Company 
in 1912, retired on superannuation as from June 11. 
Mr. THomas MCLAREN, B.Sc., M.I.N.A., M.I.Mar.E., 
who has been the company’s principal assistant super- 
intendent engineer since June 1, 1948, has been appointed 
chief superintendent engineer to succeed Mr. Austin. 

Mr. R. SALTER BacueE, of Messrs. Geo. Salter and 
Company, Limited, West Bromwich, has been elected 
President of the West Bromwich and District Manu- 
facturers’ Association. We announced last week his 
re-election as President of the Coil Spring Federation. 

Following the announcement of the retirement of 
Mr. V. W. Bone, J.P., from the board of Ruston and 
Hornsby, Limited, recorded on page 490, ante, we learn 
that he has relinquished the positions of chairman 
and director of Davey, Paxman and Company, Limited, 
Standard Ironworks, Colchester. Lt.-CoLt. H. RIGGALL, 
J.P., has been elected chairman in succession to Mr. Bone, 
and Mr. P. A. SANDERS, C.B.E., D.L., J.P., has been made 
deputy chairman. Sim Joun B. GREAVES, C.3.E., has 
been elected to the board and appointed managing 
director in succession to the late Mr. EDWARD PAXMAN. 
Mr. G. W. Bone, M.A.(Cantab.), only son of Mr. 
V. W. Bone, has been appointed works director of Davey, 
Paxman and Company, Limited. 

Among the staff changes made by THomas Dr La 
RvE AND Company, LIMITED, are the following. Mr. 
W. F. CaMPLine will assume control of all factories of the 
Plastics Division and the Potterton Gas Division. 
Mr. E. A. Davis, at present technical manager of the 
Plastics Division, will be appointed manager of the 
technical sales development department on July 1. He 
will also continue to supervise the research and develop- 
ment department in Tynemouth. Mr. H. KeLiy has 
been appointed technical manager of the Plastics 
Division; Mr. F. S. Ineiis, works manager of the 
Tynemouth factory; Mr. 8. Dow, assistant works 
manager of De La Rue Extrusions, Limited, and De La 
Rue Floors and Furnishings, Limited ; and Mr. G. Hm, 
works manager of the fabrication unit at Cricklewood 
(formerly, Hill, Norman and Beard Plastics, Limited). 

Mr. P. W. CasTLE has been elected chairman of the 
London Students’ section of the Institution of Electrical 
Engineers for the 1949-50 session. 

Toe A.P.V. Company, Limirep, Wandsworth Park, 
London, 8.W.18, announce that their telephone number 
has been changed to VANdyke 4492-9 and their tele- 
graphic address to: Anaclastic, Westphone, London. 

Tue COoRONET Brick COMPANY, LIMITED, 411-419, 
Salisbury House, London Wall, London, E.C.2, announce 
that the disposal of the works of one of the subsidiaries, 
the Hemet HempsTeaD PaTENT BRICK COMPANY, 
Limtrep, to the Hemel Hempstead Development 
Corporation has been satisfactorily completed. The 
Coronet Brick Company have now acquired the whole of 
the share capital of RamvrorpwaRE Limtrep, which 
firm will continue to operate under its own name as & 
subsidiary of the Coronet Brick Company. 

Messrs. BROOKHIRST SWITCHGEAR, LIMITED, North- 
gate Works, Chester, inform us that Mr. T. G. EVANS 
has been appointed to assist Mr. H. R. RENFREE at 
their branch office at Legal and General Building, 
7, South-parade, Leeds. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—The output of ingots and castings 
during May was equivalent to an annual rate of 
2,538,100 tons, so that Scottish makers maintained 
production in excess of the 2,500,000-tons mark for the 
fourth successive month. The result has materially 
raised the production level for 1949 to date above the 
actual total of 2,253,900 tons in 1948, as, in addition to 
the good performances in April and May, the average for 
the first quarter was at a rate of 2,297,400 tons per 
annum. The production of pigiron during May was even 
more gratifying, the annual equivalent of 845,600 tons 
being the highest monthly figure recorded for the year, 
comparing with 743,500 tons for April and an average of 
678,500 tons for the first three months. In 1948, the 
output during May was at a rate of 793,300 tons per 
annum, while the actual production for the year was 
765,700 tons. Essential raw materials continue to 
arrive at a satisfactory rate, and production of both steel 
and iron is maintained at a high standard. There is still 
little sign of any weakening in the aggregate demand from 
consumers. Rerollers of bars and light sections are 
working at high pressure, while sheetmakers, although 
operating at full capacity, are making little impression 
on their heavy commitments. 

Scottish Coal.—Shipments to foreign ports during May 
totalled 97,567 tons, thus failing to maintain the rise in 
exports which had been consistently recorded since the 
beginning of the year. The figure, which was affected 
by the two-days’ holiday, corresponded to the rate of 
dispatches in April, when 102,637 tons were stemmed, 
but compared unfavourably with the loadings of 
125,299 tons in May a year ago. Denmark was the 
principal recipient during May, taking 27,079 tons, 
followed by Eire with 24,792 tons. The sub-standard 
production at the pits contributed largely to the result, 
and little satisfaction can be derived from the current 
output, which remains at least 20,000 tons below the 
divisional target «* 500,000 tons. Inland consumers are 
fairly well supplied at present, owing to the reduced 
requirements for space-heating. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—One of the largest steel plants worked 
throughout the holiday period in accordance with long- 
established practice; other steelworks resumed fairly 
satisfactorily on Tuesday. There is no lack of orders for 
high-grade steel, the problem being rather to comply 
promptly with them. Some manufacturing firms report 
that they have been able to secure supplies of high- 
carbon steel sheets and bars with less difficulty, but this 
is not a general experience. Engineering works are well 
booked. Firms specialising in the construction of large 
excavators of American type for opencast mining have 
many months’ work on their books. Increasing interest 
is being taken in the development of drift mining on 
the Derbyshire-Nottinghamshire border as an alternative 
to op€ncast mining, about which strong complaints have 
been made of noise and dust by day and night. It is 
understood that the result of experience of drift mining 
will determine the development of opencast sites. District 
firms specialising in the manufacture of centrifugal 
castings have many orders on their books, and in some 
cases are seeking additional labour. Makers of steel 
bridges have a great deal of work in hand to fulfil orders 
from various parts of the world. Unskilled labour is 
rather more plentiful and some firms are now combirg 
out the elderly men. There is a dearth of highly-skilled 
labour for specific work, especially in the agricultural- 
steel trades. 

South Yorkshire Coal Trade.—There is a gradual 
recovery in the supply position following the Whitsuntide 
holiday, but the return to work at the pits on the day 
of intended resumption was poor. The railways have had 
their requirements satisfied, and industrial users have 
been able to secure sufficient coal, but there had to 
be some curtailment in the supplies alloca for ship- 
ment abroad. Coking coal is in strong request to restore 
the reserves which were heavily drawn upon during the 
holidays. Hard coke is in full request on inland account, 
and there are fair shipments of large coke abroad in 
spite of complaints of high prices. Gas coke is in fair 
supply. House coal is quiet. 





STABLE COLD-CATHODE THYRATRON FOR ELECTRICAL 
EQUIPMENT.—The cold-tathode thyratron recently 
introduced by Messrs. Mullard Electronic Products, 
Limited, Century House, Shaftesbury-avenue, London, 
W.C.2, has been designed to give a high continuous 
cathode current with consistent striking characteristics. 
The cathode activation has been improved to increase 
the life and ensure reliability. The thyratron is also 
highly stable and free from photo-electric and temperature 
effects. These features, as well as the fact that no 
cathode heating is required, render this device parti- 
cularly suitable for operating relays and for a number 
of industrial electronic applications. 











NOTES FROM CLEVELAND AND 


THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—There is no indication of any 
reduction in the heavy demand for iron and steel for home 
purposes or for shipment overseas. Some contraction in 
the volume of new business passing is attributed to the 
inability of producers to add to their extensive com- 
mitments, except for supply over periods well ahead. 
At the same time there are signs that a reduction in the 
strength of the sellers’ market is not unlikely—the fall 
in basic metal prices, conditions on the Stock Exchange, 
and labour unrest are pointed to as possible preliminaries 
to a general fall in the trade barometer. Shrinkage of 
steel production in the United States is also regarded as 
an important pointer to the trend of events. Native 
raw materials are in improving supply and imports of 
foreign iron ores continue on a substantial scale, while 
parcels of iron and steel scrap from home sources and 
from abroad are large. Pig iron is becoming less scarce, 
but ordinary foundry iron is still needed in larger 
quantities than are coming forward. Regular users of 
East Coast hematite are also experiencing difficulty in 
securing sufficient tonnage for their requirements. The 
demand for steel is still in excess of the supply. 

Foundry and Basic Iron.—Foundry owners are still 
hampered by inadequate supplies of pig iron, but 
deliveries are increasing and thé position is helped by the 
maintenance of ample deliveries of good cast-iron scrap. 
There seems no likelihood, however, of a resumption in 
the make of ordinary foundry pig on Teesside, and North 
East Coast consumers are dependent on deliveries from 
distant producing areas. 

Hematite, Low-Phosphorus and Refined Iron.—The 
limited make of hematite in North Yorkshire and the 
County of Durham is readily taken up and an increase in 
tonnage available would be welcome. Low- and medium- 
phosphorus iron producers are disposing of their outputs, 
and manufacturers of refined iron are able to meet the 
actual requirements of their regular customers. 


Manufactured Iron and Steel.—Manufacturers of semi- 
finished and finished iron are actively engaged on good 
contracts and hope to keep their works well occupied 
throughout the year. Steel producers have plenty of 
workin hand. Ingot output is maintained at a high level 
and various types of steel semis are reaching the re- 
rolling mills on a satisfactory and improving scale ; still 
larger deliveries of billets and sheet bars would be 
acceptable. An outstanding feature in the finished 
branches of the steel trade is the continued phenomenal 
demand for sheets. Specifications for the lighter gauges 
of plates are extensive, and makers of rails, joists and 
sections have as much work in hand as they can deal 
with. 





RE-SIGNALLING OF LONDON TRANSPORT BRANCH LINE. 
—London Transport have recently completed the 
modernisation of the signalling system on the 4}-mile 
single line to Chesham. The line joins the main Metro- 
politan line between Amersham station and Chalfont 
and Latimer station. The tablet-type instruments have 
been removed, and the section has been track-circuited 
throughout and provided with two-aspect colour-light 
signals controlled by the track circuits. Six track 
circuits, of the condenser-feed type with injector-type 
relays, have been installed in the section, and are indi- 
cated on overlapping illuminated diagrams in the signal 
boxes at each end. Current for the signalling is pro- 
vided from the national grid system, but stand-by 
power units are provided. 





THE LATE Mr. P. W. LEE.—We regret to record 
the sudden death of Mr. Percy Wilton Lee, which 
occurred at his home at Tapton Holt, Sheffield, on June 8. 
Mr. Lee, who was a director and chairman of Messrs. 
Artbur Lee and Sons, Limited, steel wire, rod and strip 
manufacturers, Attercliffe and Meadow Holt, Sheffield, 
was in his 76th year. He was educated at St. George’s 
College, Harrogate, and at Bedford Modern School, and, 
in 1892, joined his father, the late Mr. Arthur Lee, and 
brother, the late Mr. A. S. Lee, in a business purchased in 
1874 by Mr. Arthur Lee, and previously known as 
James Fairbrother and Company. In 1892 the firm was 
formed into a limited liability company with Mr. Arthur 
Lee as governing director. In 1903, Mr. Arthur Lee was suc- 
ceeded by his two sons. Mr. P. W. Lee, and Mr. A. 8. Lee, 
who became managing directors. Mr. A. 8. Lee retired 
in 1939 and died in 1941, but Mr. P. W. Lee retained the 
managing directorship until July 31, 1945, when he 
retired and was succeeded by his eldest son, Mr. G. 
Wilton Lee. Mr. P. W. Lee, however, retained his seat 
on the board and was holding the position of chairman 
at the time of his death. In 1945 Mr. P. W. Lee also 
relinquished the chairmanship of the Patented Steel 
Rope Wire Association after occupying it for 31 years. 
He was, moreover, a vice-president of the British Steel 
Wire Industries Association for 20 years and served as 
Master Cutler in the year 1927-28. 
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NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
eolumn shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meetiog. 





ELECTRODEPOSITORS’ TECHNICAL SocieTy.—Monday, 
June 20, 5.30 p.m., Northampton Polytechnic, St. Jehn- 
street, Clerkenwell, E.C.1. “ Tank Linings and Insulating 
Materials,” by Mr. V. Evans. 

IRON AND STEEL INsSTITUTE.—JIron and Steel Engineers’ 
Group: Wednesday, June 22, 4, Grosvenor-gardens, 
Westminster, S.W.1. 10 a.m., “ Continuous Steel Strip 
Pickling,” by Mr. R. W. Treasure. 11.30 a.m., “ The 
Disposal of Spent Acid Pickling Liquor,” by Mr. 
W. B. Wragge. 2 p.m., “ The Design and Operation of 
Annealing Plant for Mild-Steel Sheets and Ooils,” by 
Mr. R. D. Pollard, Mr. H. Edwards, Mr. J. F. R. Jones 
and Mr. J. Bromley-Davies. 

INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, June 27, 7.30 p.m., Mines 
Department, The University, Leeds. ‘“‘ Mining Engineer- 
ing,” by Professor J. T. Whetton. 





NOTES FROM THE SOUTH-WEST. 


CaRpIFF, Wednesday. 

The Welsh Coal Trade.—The production of opencast 
anthracite in the Gwaen-cae-Gurwen area has now 
reached 2,000 tons a week. The Coal Board hopes to 
recover 443,000 tons of coal from seven sites. A washery 
and disposal point is under construction near Ammanford 
to serve the Blaenau group of opencast sites where pro- 
duction is expected to begin in October. About 2,000 
men at Blaenavon, who had been on strike for a week, 
decided to return to work and to leave the matter in 
dispute—the question of wet conditions in the mine—to 
their lodge committee to negotiate. Demanding the dis- 
missal of a fireman who was alleged to have been involved 
in an incident with an underground man, 950 men at the 
Groesfaen Colliery, near Bargoed, which has a daily 
output of 1,500 tons, came out on strike. They rejected 
a plea made to them by Mr. Will Arthur, general secretary 
of the South Wales area of the National Union of Mine- 
workers, to return on the understanding that the Coal 
Board would hold an immediate inquiry into the matter 
on the spot. Trading conditions have been even more 
difficult on the steam-coal market throughout the past 
week. The demand has continued, but the market has 
been slow in recovering from the setback caused by the 
holiday interruption. Outputs have returned normal 
slowly, and consequently the supply position has been 
affected. There has been a keen inland demand for all 
coals except some of the very lowest grades, such as the 
opencast small qualities, and the orders in hand were 
usually sufficient to absorb the bulk of the productions 
over the next month or so. Consequently the amount 
available for shipment abroad was limited. The exports 
maintained were chiefly for the French, Portuguese, 
Italian and Argentine markets. Bunkers were in brisk 
request, but were scarce, while cokes and patent fuel 
were also in strong demand. 








Fiat-Borrom Rams on BrimisH Rarways.—The 
new British Railways standard 109-Ib. flat-bottom rail 
track, which was described on page 113, ante, was laid 
for the first time on Whit Monday, June 6, on the down 
main line of the North Eastern Region, between Tollerton 
and Alne, at a point about 104 miles north of York on 
the East Coast route between London and Edinburgh. 
About 1,000 yards of the old bull-head rail track was 
replaced by pre-assembled 60-ft. lengths of the new 
track. The 1949 track-renewal programme of British 
Railways will cover 1,484 miles of track, of which 463 
miles will be re-laid with flat-bottom rails. 





Messrs. RosE, DOWNS AND THOMPSON, LIMITED.— 
Few engineering firms in this country have a longer 
history than Messrs. Rose, Downs and Thompson, 
Limited, Old Foundry, Hull, who were established in 
1777. The founder was John Todd, a millwright who, 
in 1803, took into partnership Duncan Campbell, a pupil 
of John Smeaton. Campbell’s daughter, who married a 
Captain John Rose, carried on the business herself after 
her father’s death, engaging as manager James Downs, 
who had worked on the Clyde with Robert Napier. A 
grandson of Mrs. Rose, John Campbell Thompson, was 
taken into partnership in 1874, thus providing the third 
name in the title since borne by the firm. The present 
managing director is Mr. Leslie Hall Downs, C.B.E., 
M.A., M.I.Mech.E. These particulars, and many more 
details of the growth of the business, are contained in a 
brochure entitled At the Tail of Two Centuries, describing 
the expansion of the works from a simple foundry and 
general engineering shop to one of the best-known 
establishments in the world for the production of oil-mill 
machinery, oil-extraction plant, hydraulic presses and 
associated equipment. The brochure is well produced 
and liberally illustrated. 
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THE FOUNDING OF 


THERMODYNAMICS. 


HowkvER many discoveries are made in physical 
science, and however fascinating the stories of those 
discoveries may be, there are few records, whether 
regarded from the biographical point of view, or 
from the purely scientific aspect, which surpass in 
interest those relating to the researches which led 
to the overthrow of the caloric theory of heat and 





.| which firmly established Joule’s reputation as an 


the founding of the science of thermodynamics. 
One landmark in this branch of scientific history is 
James Prescott Joule’s paper “ On the Mechanical 
Equivalent of Heat,” communicated to the Royal 
Society by Faraday (Joule was not then a Fellow) 
on June 21, 1849, a century ago. It was this paper 


original thinker and a clever experimentalist, and 
marked the climax of the battle for the new ideas. 
It was in this paper that Joule gave the value of 
772 ft.-lb. for the mechanical equivalent of heat, 








the current week’s issue 
than first post Wednesday. 


“ ” 





proofs for 
The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession ‘or more 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
must be received not later 


b- 
lication, otherwise it may be impossible to submit 
approval, 


found in engineering text-books for half a century. 
In previous papers (some of which had been refused 
by the Royal Society), Joule had given the values 
of 838, 770, 798, 890 and 781 ft.-Ib., but it was his 
last determination which was accepted as the most 
accurate. It was not superseded until the still more 
refined investigations of the American physicist, 
H. A. Rowland, of Baltimore. 

Though slow to see that they had been provided 
with a new yardstick for measuring the efficiency 
of their machines, engineers gradually absorbed the 
new theory—John Bourne, in the fifth edition of 
his great work on The Steam Engine, devoted 
much space to Joule’s various papers—and soon 
none disputed Kelvin’s dictum that Joule’s work 
was “the very foundation of our knowledge of the 
steam engine and steam power.” But Kelvin 
himself (then plain Professor Thomson), though he 
had heard Joule’s paper of 1847 delivered at Oxford, 
was not easily convinced ; in 1848, in a paper read 
to the Cambridge Philosophical Society, he said, 
“. . . the conversion of heat (or caloric) intc 
mechanical effect is probably impossible, certainly 
undiscovered. In actual engines for obtaining 
mechanical effect through the agency of heat, we 
must consequently look for the source of power, 


follow his own bent and it was in a room in his 
father’s house that he began experimenting. At 
20, he published a paper “On an Electromagnetic 
Engine ” and between that and his paper of 1849 

4 ith 


= wrote more than a score of others dealing 


heating in electrical circuits, the origin of heat of 


569 | combustion, specific heat, the rarefaction and con- 


densation of air, the mechanical equivalent of heat, 
electrolytic heat, the theory of heat, the velocity of 
sound in gases, and on shooting stars. His paper 
of 1849, published in the Philosophical Transactions 
of 1850, was said by Sir Dugald Clerk, in the first 
Joule Memorial Lecture, delivered at Manchester 
on December 14, 1920, to be a perfect model of 
what a scientific paper should be; the work of the 
earlier experimenters is clearly described, the 
apparatus used is explained, and the results 
obtained are stated. The paper, which was a 
short one, concluded “ by considering it as demon- 
strated by the experiments described: first, that 
the quantity of heat produced by the friction of 
bodies, whether solid or liquid, is always proportional 
to the quantity of force expended, and, second, that 
the quantity of heat capable of increasing the 
temperature of a pound of water (weighed in vacuo, 
and taken at between 55 deg. and 60 deg.) by 
1 deg. Fahr. requires for its evolution the expenditure 
of a mechanical force represented by the fall of 
772 lb. through the space of one foot.” Among the 
curiosities of scientific history, however, must be 
the fact that, in accordance with the wishes of the 
Royal Society’s Committee, to whom the paper of 
1849 was referred, a third proposition to the effect 
“that friction consisted in the conversion of 
mechanical power into heat” was suppressed. 
Many of the Joule relics were lost when the 
premises of the Manchester Literary and Philoso- 
phical Society were destroyed during the recent war, 
but fortunately the paddie-wheel apparatus des- 
cribed in the paper has been preserved at the Science 
Museum and was exhibited at the recent conver- 
sazione of the Royal Society. 

Outstanding as was Joule’s work, and novel and 
sweeping as was his view that “ the grand agents of 
Nature are by the Creator’s fiat indestructible’ and 
that “‘whenever mechanical force is expended an 
exact equivalent of heat is always obtained,” he 
was but one of several thinkers and experimentalists 
who, doubting the dogma that heat was a substance 
—known since 1789. by Lavoisier’s name for it, 
“ caloric ’—observed, reflected, theorised, experi- 
mented and wrote. In classic times, “heat” and 
“cold ’” were both regarded as material substances. 
Newton, Boyle, Hooke and Descartes, however, 
regarded heat as a mode of motion. The Eighteenth 
Century men abandoned this view in favour of the 
materialistic theory, which held sway until the work 
of Joule and his contemporaries. There were 
phenomena hard to explain on any materialistic 
basis, and inquiry followed inquiry. A workman in 
a French gun-factory had ignited tinder by the 
compression of air, and Dalton, in 1800, read a 
paper “On the heat and cold produced by the 
mechanical condensation and rarefaction of air.” 
Rumford, in 1798, had recorded his observations on 
the heat generated when boring cannon, in his 
paper “Inquiry Concerning the Sources of Heat 
Excited by Friction’’; and a little later Davy had 
melted ice by rubbing. It was the steam engine 
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which raised other questions and led to the famous 
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®ssay of the French military engineer, Sadi Carnot* 
(1796-1832), Reflexions sur la Puissance Motrice du 
Feu.” It was published in 1824, but few copies 
were printed. It caused little comment and nearly 
all Carnot’s manuscripts, etc., were burned in 1832 
because he had died of cholera. Some of- his 
notes escaped the flames, however, and these show 
clearly that though, in 1824, Carnot accepted the 
caloric , he svas already turning to a mechani- 
cal theory of heat. The importance of Carnot’s 
essay was emphsised by his countryman, the railway 
engineer, Benoit Paul Emile Clapeyron (1799-1864) 
in a memoir of 1834 “‘ Sur la Theorie Mécanique de la 
Chaleur.” The paper of the Coblenz pharmacist, 
Karl Friedrich Mohr (1806-79), entitled “‘ Veber die 
Natur der Warme,” appeared in 1837; and Mare 
Seguin (1786-1875), another French railway engineer, 
in 1839 published his “* De Influence des Chemins de 
Fer.” Seguin said that it was from his uncle, 
Montgolfier, of balloon fame, that he had the idea that 
heat is certainly not matter, but corresponds to a 
certain kind of energy. These various papers 
contained the germs of the new doctrine, which the 
1840’s were to see firmly established. Exactly 
contemporary with Joule’s several papers of the 
*forties were the 1842 paper of Julius Robert Mayer 
(1814-78), entitled “‘ Bemerkungen iiber die Kraft der 
unbelebten Natur” ; the Thesis concerning Forces of 
1843 by the Copenhagen municipal engineer, Ludwig 
August Colding (1815-88); the volume of lectures 
of W. R. Grove (1811-96), the British physicist, 
entitled Correlation of Physical Forces, published 
in 1846; and the memoir “Die Erhaltung der 
Kraft,” read to the Physical Society of Berlin in 
1847 by Helmholtz. In the 1850’s came the work 
of Thomson, Rankine, Clausius and others, Ran- 
kine’s Steam Engine containing the first systematic 
treatise on thermodynamics. 

The name most frequently coupled with Joule’s 
is that of Mayer. Four years older than Joule, 
Mayer had neither the leisure, the means, nor the 
opportunities of his contemporary, and his life was 
by no means a placid one. As a young doctor, he 
made a voyage as a ship’s surgeon to Batavia, and 
it was his observations on the blood of a patient 
in a tropical climate which was the origin of his 
scientific writings. Joule had studied the subject 
of heat from the electrical, chemical and mechanical 
aspects ; Mayer did so from the physiological aspect. 
Returning home in 1841, he set up in practice in 
the town of his birth, Heilbronn, and there wrote 
his essay of 1842. Declined by Poggendorff, it was 
accepted by Liebig, but attracted little attention. 
Another paper of 1845 met with no better response. 
The absence of appreciation combined with family 
losses affected Mayer’s mind. A month before 
Joule’s paper of 1849 was read, he attempted suicide, 
and two years later was placed in a mental hospital. 
Set free in 1853, he resumed his writings, but was 
never the same man again. Later, a few voices in 
Germany were heard in his praise, but it was John 
Tyndall who, by his lectures and translations, 
obtained for Mayer a place among the immortals. 
In 1870, the Royal Society awarded the Copley 
Medal to Joule ; next year they gave it to Mayer. 
He died seven years later at Heilbronn, and there, 
in 1892,+ a statue of him was unvéiled. There was 
much controversy over the claims made respectively 
for Joule and Mayer, but it is generally agreed both 
should be held in honour. “ Mayer’s real merit,” 
wrote Maxwell, in his Theory of Heat, “consists in 
the fact that, having for himself made out, on 
inadequate and even questionable grounds, the 
conservation of energy, and having obtained (though 
by inaccurate reasoning) a numerical result correct 
so far as his data permitted, he applied the principle 
with great power and insight to the explanation of 
numerous physical phenomena.” Side by side with 
this may be read Kelvin’s remark that Joule’s 
fundamental discovery was the result of “ measure- 
ment, rigorous experiment and observation, and 
philosophic thought all round the field of physical 
science.” From a study of the early history of 
thermodynamics, and its pioneers, the i i 
fact emerges that all the work that really mattered 
was done by students still in their twenties. 





* See ENGINEERING, vol. 108, page 4, (1919), vol. 121, 
page 141, (1926) and vol. 161, page 160, (1946). 
? Ibid., vol. 54, page 758, (1892). 


DELAY IN THE DELIVERY 
OF MACHINERY. 


THERE is a question which often troubles those 
who order, as well as those who supply, machinery 
or plant. It is this: What are to be the conse- 
quences of delay ? During the past ten years, war 
conditions have made it so difficult for the manufac- 
turer to guarantee production by a given time, that 
those who orders have had to put up with 
“the best that can be done.” Vexation and delay 
there has been, but a glance at the law reports 
suffices to show that it has been seldom possible, 
or worth while, to seek legal redress. But now that 
things have more or less returned to the normal, 
now that the manufacturer is unable to say “ another 
job I have in hand is entitled to first priority,” it 
may be that those concerned will be able to enforce 
their legal rights. What, then, is the position if 
machinery is ordered to be delivered by a certain 
date, and there is delay ? How far and in what 
cireumstances can he be made liable ? 

A broad principle was enunciated nearly a hundred 
years ago-in the case of Hadley v. Baxendale—a 
case well known to every law student. In that 
case the facts were these. The broken shaft of a 
mill was delivered to a carrier to a manufacturer, 
to serve as a pattern for a new shaft. Until the 
new shaft was delivered the mill was necessarily 
kept idle, but of this the carrier was not aware. The 
carrier did not deliver the shaft within a reason- 
able time ; and in these circumstances it was held 
that the mill owner could not recover in respect of 
profits during the period of delay. It was laid 
down that, upon a breach of contract, such damages 
are to be awarded as may reasonably be supposed 
to have been in the contemplation of both parties 
when they made the contract, as the probable result 
of the breach of it. In that case, of course, the delay 
was the fault of the carrier ; but there is good ground 
for saying that, if the shaft had been delivered in 
time, and the manufacturer had failed to do what 
was required within the agreed or a reasonable time, 
he would not have been responsible for the conse- 
quential damage, unless he knew or ought to have 
known what the consequences of delay would be. 

If he who orders a new machine to be delivered, 
or an old machine to be repaired by a certain date, 
expressly tells the party with whom he contracts 
what the consequences of delay will be, no difficulty 
can arise; but the known facts may be such that 
it will be obvious to everyone that delay must 
cause damage. This point was well illustrated in a 
recent case in the Court of Appeal (Vietoria Laundry 
v. Newman Industries, Limited (1949) W.N. 213), in 
which the facts were these. The plaintiffs, who were 
Jaunders and dyers, required a new boiler as they 
were extending their business. The defendants, in 
January, 1946, agreed to sell them a second-hand 
boiler for 2,1501. While they were not experts on 
the subject of boilers, they knew, at the time of the 
agreement, that the plaintiffs required the boiler 
for use in their business. It was not until April 
that the plaintiffs told the defendants that they 
wanted the boiler urgently. They did not tel] them 
expressly what they wanted it for. Delivery was 
arranged to take place in June, but owing to an 
accident, the boiler did not arrive until] November. 
In these circumstances, the plaintiffs claimed 
damages for loss of the profits they would have 
made over a period of about five months. The 
judge who tried the case held that they were not 
entitled to these damages because (a) the special 
object for which the boiler was purchased was not 
made known to the defendants ; (6) that delay in 
delivery was not going to lead necessarily to loss of 
profits; and (c) that the circumstance that the 
plaintiffs required the boiler to extend their business 
was immaterial. 

The Court of Appeal, however, reversed this 
decision. Lord Justice Asquith said that the true 
question was not what was bound necessarily to 
result from the delay, but what was likely or liable 
to do so, and that was amply conveyed to the 
defendants by what was communicated t them, 
plus what was patent without e comm«nica- 
tion. ‘ Reasonable people,” he said, “in the shoes 





of the defendants must be taken to foresee, without 





any —— intimation, that a laundry which, at a 
time when there is a famine of laundry facilities, 
was paying 2,0001. odd for plant, and intended to 
put such plant into use immediately, would be 
likely to suffer in pocket from five months’ delay in 
the delivery of that plant.” The Lord Justice also 
said that he differed from the view expressed by the 
judge that damages for loss of profit in the business 
ought not to be awarded, because the boiler was 
not a whole plant capable of being used by itself as 
a profit-making machine. It must have been clear 
that failure to deliver a boiler would necessarily 
stultify the plaintiff's business. In these circum- 
stances the case was remitted for assessment of 

on the. basis that the defendants were 
liable for the delay. 

This decision appears to accord with good sense. 
He who supplies a boiler must be taken to know 
that without a boiler a factory may be brought to a 
standstill. Nevertheless, the principle must not 
be extended too far. If part of a machine be 
ordered, the manufacturer would have to be warned 
that failure to deliver it within a particular time 
may result in the whole machine being out of action 
with resulting loss. So in a case of Portman v. 
Middleton, 4 C.B.N.S. 322, a man contracted to 
repair a threshing machine before the harvest. He 
sub-contracted for the supply of a new firebox to 
be made within a fortnight, but he did not inform the 
supplier of the firebox of his own contract to put 
it into the threshing machine so as to have it ready 
before the harvest. It was held that in these cir- 
cumstances the supplier of the firebox was not 
liable to pay to the repairer of the threshing machine 
the loss of profit which he had had to pay to the 
owner. After all, it is a question of degree. Ifa 
blacksmith is asked to make a linch-pin within 
a week, and he does not produce the article until a 
fortnight later, the owner of the cart would hardly 
expect to be able to claim damages because his cart 
was useless for three weeks. 





NOTES. 


Tue Honours List. 


On page 543, ante, we gave a first list of engineers, 
scientists and others in allied fields whose names 
were included in the King’s Birthday Honours List, 
published on June 9; we continue this below. 
Among the new Knights Commanders of the Order 
of the British Empire are Vice-Admiral L. V. 
Morgan, C.B., C.B.E., M.V.O., D.S.C., Admiral 
Superintendent of Portsmouth Dockyard, whose 
paper on the Dockyard, before the Institution 
of Naval Architects, was reprinted on page 414 
of our 164th volume (1947), and Mr. A. E. 
Sylvester, F.C.A.,chairman of the British Gas Council. 
The distinction of C.M.G. has been conferred upon 
Mr. H. Faulkner, M.I.E.E., deputy Engineer-in- 
Chief, General Post Office, and that of C.B.E. upon 
Colonel H. Carter, T.D., M.I.E.E., Regional Director, 
Welsh and Border Counties Region, General Post 
Office ; Captain (E) G. F. Chancler, R.N. (ret.) ; 
Dr. A. H. Davis, senior superintendent, Armament 
Research Department, Ministry of Supply; Mr. 
G. le B. Diamond, M.I.Mech.E., lately regional con- 
troller, South Eastern Region, Ministry of Fuel and 
Power; Mr. G. H. A. Field, director of research, 
Aluminium Laboratories, Limited; Mr. B. C. 
Hammond, M.I.C.E., County Surveyor, Worcester- 
shire; Mr. A. M. Holbein, director and chief 
engineer, Demolition and Construction Company, 
Limited ; Mr. C. J. W. Hopkins, M.B.E., M.I.N.A., 
deputy Director of Naval Construction, Admiralty ; 
Captain (L) G. E. A. Jackson, A.M.LE.E., R.N. ; 
Mr. R. B. Shepbeard, M.I.N.A., chief surveyor to 
Lloyd’s Register of Shipping ; Major F. W. Smith, 
M.I.Mech.E., T.D., J.P., chairman and managing 
director, Enfield Cycle Company, Limited ; Colonel 
F. C. Temple, C.1.E., V.D., M.1.C.E., M.I.Mech.E., 
Director of Opencast Coal Production, Ministry of 
Fuel and Power; and Major A. H. S. Waters, V.C., 
D.S.0., M.C., M.I.C.E., M.I.Mech.E., J.P., chair- 
man, Advisory Committee on Sand and Gravel 
Workings. Recipients of the O.B.E., include Mr. 
H. F. Bannister, assistant director of Engineering 
Services (Atomic Energy), Ministry of Supply ; 
Lt.-Colonel J. Briggs, M.I.C.E., civil engineer, 








~~ a & &© © tel ok & & & oC} be be oe SS OO ee A lle Oe oe lhe lO ee lee ka ee ee 








JUNE 17, 1949. 


ENGINEERING. 


567 








Railway Executive, London Midland Region; Dr. 
J. 8. Clarke, M.I.Mech.E., A.F.R.Ae.S., director of 
research, Combustion Research Laboratories, Joseph 
Lucas, Limited ; Mr. G. C. Crowther, chief engineer 
to Kent Rivers Catchment Board; Mr. J. A. T. 
Dickinson, director and general works manager, 
B.S.A. Guns and Cycles Organisation; Mr. J. W. 
Green, chief engineer, Phoenix Telephone and Elec- 
tric Works, Limited ; Mr. J. G. Macdonald, manager, 
Armour Department, W. Beardmore and Company, 
Limited; Mr. G. W. Morgan, M.I.N.A., lately 
principal surveyor of tonnage, Ministry of Trans- 
port; Mr. C. E. Nicholson, M.I.N.A., chairman, 
Camper and Nicholsons, Limited ; Mr. G. T. Pound, 
M.1.C.E., Ministry of Town and Country Planning ; 
Dr. G. A. Reay, F.R.1.C., superintendent, Torry 
Research Station, D.S.I.R.; Mr. James Robertson, 
M.LC.E., J.P., County Road Surveyor, Dumfries ; 
Mr. C. 8. Shapley, M.I.Mech.E., lately engineer and 
general manager, Gas De nt, Leeds; Mr. 
8. R. Siviour, M.I.E.E., chief engineer, Yorkshire 
Electricity Board; Mr. H. Turner, M.I.Mech.E., 
R.N., Torpedo Factory, Greenock ; Mr. F. Walker, 
M.I.Mech.E., chairman, Midland Region Fuel 
Efficiency Committee and chief engineer, Fort 
Dunlop ; and Mr. J. C. Wood, director, John Fowler 
and Company (Leeds), Limited. Recipients of the 
M.B.E. include Mr. F. M. Andrews, land drainage 
engineer, Thames Conservancy; Mr. R. C. Bacon, 
general manager, Kilmarnock Factory, Glacier Metal 
Company, Limited; Mr. F. C. Briggs, M.I.C.E., 
M.I.Mech.E., managing director of the Dudley, 
Brierley Hill and District Gas Company ; Mr. F. G. 
Clark, A.M.I.E.E., Harland and Wolff, Limited, 
Glasgow ; Mr. E. 8. Cleave, Plessey Company ; Mr. 
J. E. M. Coombes, B.Sc.(Eng.), A.M.I.E.E., Metro- 
politan-Vickers Electrical Company, Limited ; Mr. 
J. W. Fenton, A.M.I.C.E., senior engineer (roads), 
Berwickshire C.C.; Mr. T. H. Gant, F.R.LC., 
British Industrial Plastics, Limited ; Mr. T. Holme, 
British Thomson-Houston Company, Limited ; Mr. 
A. C. Mayman, M.I.E.E., General Post Office ; Mr. 
C. A. Reed, Skinningrove Iron Company, Limited ; 
Mr. A. P. Robertson, M.I.E.E., S8.W. Scotland 
Electricity Board; Mr. H. Snape, A.M.I.C.E., 
planning officer, Southern division, Devon C.C. ; 
Mr. A. Thomas, chief designer (aircraft engines), 
Armstrong-Siddeley Motors, Limited; Mr. T. F. 
Turton, M.I.Mech.E., certifying officer, M:aistry of 
Transport; Mr. W. E. White, librarian, Patent 
Office, Board of Trade; Mr. S. A. Williams, 
A.M.I.E.E., Skelton Station, B.B.C., and Mr. G. 
Withy, M.LN.A., senior ship draughtsman, Cam- 
mell Laifd and Company, Limited, Birkenhead. 
Tue Instrrute oF Pxysics. 

The 29th annual report of the Board of the 
Institute of Physics was presented at the annual 
general meeting, held on May 20, when the President, 
Dr. F. C. Toy, C.B.E., the honorary treasurer, Mr. 
E. R. Davies, 0.B.E., and the honorary secretary, 
Dr. B. P. Dudding, M.B.E., were re-elected for the 
year beginning October 1, 1949; Dr. S. Whitehead 
was elected a vice-president, and Mr. T. C. Keeley 
and Dr. H. L. Penman, ordinary members of the 
Board. The report summarises the Institute’s 
activities and interests during 1948, and shows 
that the total membership, increased from 3,268 
to 3,455 in the year ended December 31, 1948. 
Details are also given of the constitution of the 
various committees and of the Institute’s representa- 
tion on other bodies. There are now seven branches 
at home and overseas, and specialist groups cover 
stress analysis, industrial radiology, X-ray analysis, 
industrial speetroscopy, electron microscopy, 
electronics. With the 1948 volume, the title of 
the Institute’s publication, the Journal of Scientific 
Instruments, was changed to the Journal of Scientific 
Instruments and of Physics in Industry, to indicate 
the greater space being given to the subject of 
applied physics. Papers read at the Manchester 
conference in 1946 on “The Measurement of Stress 
and Strain” were published as a further volume in 
the series Physics in Industry. The Institute’s 
Educational Committee’s report on “ The Education 
and Training of Technologists” provoked dis- 
agreement in some cases, but, arising from a two-da 
conference held in collaboration with the Ministry 
of Education in February, 1948, an Education 
Group is being formed to hold regular meetings and 





symposia, Summer schools were held in June on 
the application of theoretical physics to problems 
of creep in metals; in August, on electron micro- 
scopy ; and in September, on the physics of solids, 
with special reference to ionic solids. Professional 
matters included the collection of salary data from 
Fellows and Associates, the information being 
circulated to members and to industrial firms, 
Government departments, and other bodies con- 
cerned with the education and placing of physicists. 
The Institute’s activities also covered informal 
discussions with the Home Office on civil defence, 
and the Board offered to help the Ministry of Supply 
in connection with the administration of the Bill 
seeking to protect users of radioactive substances 
against inherent dangers. Further representations 
were also made to the Postmaster-General about a 
few points arising from the Wireless Telegraphy 
Bill. The address of the Institute is 47, Belgrave- 
square, London, 8.W.1, and the secretary is Dr. 
H. R. Lang. 
Tae Scrence Musrum: EXHIBITION FOR 
THE BLIND. 

A novel experiment in the organisation of special 
exhibitions is in progress at the Science Museum, 
South Kensington, where, in collaboration with the 
National Institute for the Blind, a small gallery has 
been equipped with models and apparatus of various 
kinds for the benefit of blind visitors. The exhibits 
cover a wide variety of subjects, including land, sea 
and air transport, mining, meteorology, printing, 
hand and machine tools, textile machinery, etc. 
They stand on tables of a convenient height and are 
not in cases, so that the blind can touch them while 
reading the descriptions, in Braille, which are 
pinned down to the table tops. The ordinary 
printed labels are also provided, for the escorts of 
blind visitors to read to those who have not the 
necessary command of Braille; and, of course, 
Museum attendants are at hand to act as escorts if 
desired. Following a private view on June 10, when 
the arrangements and the selection of the models, 
etc., were described by Mr. G. Tilghman Richards, 
M.I.Mech.E., who has been mainly responsible for 
the organisation, the exhibition was opened on 
Saturday, June 11, and will remain open daily 
from 10 a.m. to 6 p.m. (Sundays, 2.30 p.m. to 6 p.m.) 
until Sunday, June 26. There is no charge for 
admission, but the exhibition is not open to nor- 
mally-sighted members of the public unless they are 
escorting blind visitors. 

Tue InstrruTion oF Gas ENGINEERS. 


The 86th annual general meeting of the Institu- 
tion of Gas Engineers was held in the hall of the 
Institution of Civil Engineers, London, 8.W.1, on 
June 13 and 14, under the chairmanship of the 
President, Mr. E. Crowther, M.Eng., M.I.C.E. 
The large attendance included many visitors from 
overseas, who were Officially welcomed by the 
President. Mr. M. Brabant (Belgium) and Major 
Alexander Forward (United States of America) 
responded on behalf of the visitors. The annual 
report and accounts, which were presented and 
adopted, showed that the Institution was in a strong 
position, the membership having increased by 154 
during 1948, to a total of 2,196. It was stated in 
the report that the appeal for contributions to 
enable the Institution to acquire its own premises 
had met with a response which was “‘ both wide and 
generous,” and that suitable premises had been 
obtained, on a long lease, though they would not 
be ready for occupation before the end of the year. 


and | The result of the ballot for the election of officers 


and members of Council was announced—the Presi- 
dent for 1949-50 will be Mr. C. H. Chester, O.B.E., 
M.I.Mech.E.—and the President then presented the 
awards made for papers delivered in 1948, these 
being: the Institution Gold Medal to Mr. H. J. 
Escreet, B.Sc. (Eng.), M.I.C.E.; the H. E. Jones 
London Medal to Mr. T. C. Finlayson, M.Sc., 
M.1.Chem.E., and Mr. F. 8. Townend, B.Sc. (Eng.), 
who delivered a joint paper ; and Institution Bronze 
Medals to Mr. J. A. Tomes and Mr. J. A. Williams. 
The President then delivered his address, in which 
he discussed the place of the Institution in relation 
to the nationalised gas industry, and the economic 
considerations affecting the expansion of the indus- 
try to meet the growing demand for gas. The 





address is reproduced, slightly abridged, on page 570 
of this issue of Encrxrzzrinc. It was followed by a 
paper on “Peak Load Problems in the United 
States,” presented by Mr. R. W. Hendee, President 
of the American Gas Association, who explained 
that the problems of gas supply in the United States 
were complicated by the extensive use of natural 
gas, and the variety of types ard of calorific values 
of gases available. There had been marked im- 
provements in the methods of gas production since 
the war, and the problems invelved in supplying 
mixed gases were the subject of close study. On 
the second day of the meeting, Mr. A. E. Sylvester, 
F.C.A., chairman of the British Gas Council (who 
received the K.B.E. in the King’s Birthday Honours 
List; and, with Colonel H. Zollikofer, general 
secretary of the International Gas Union, has been 
elected an honorary member of the Institution) 
delivered an address on “ Nationalisation and the 
Individual.” The remainder of the morning session 
on June 14 was devoted to a paper by Mr. D. G. 
Rose, coke manager of the North Thames Gas 
Board, on “A Background to Some Economic 
Problems in the Gas Industry,” in which he analysed 
the causes and effects of hourly, daily, weekly and 
seasonal variations in the rate of gas consumption. 
In the afternoon, a symposium of short papers was 
held ; and in the evening there was a presidential 
reception and dance in the Connaught Rooms. 


JosEPH BRAMAH AND THE RoyaL Socrery 

or ARTs. 

In our issue of April 15, on page 351, ante, we 
recorded the celebrations organised by the Sheffield 
Trades Historical Society at Stainborough, near 
Barnsley, to mark the 200th anniversary of the 
birth of Joseph Bramah, inventor of the Bramah 
lock, the hydraulic press, the beer engine, and many 
other devices of ingenuity and wide utility. Among 
his other interests, Bramah, whose principal work 
was done in London, became a member of the 
Royal Society of Arts in 1783 and retained his 
membership until his death in 1814. One of his 
proposers was Dr. Samuel Johnson and another 
was the engraver, Valentine Green; it may be 
inferred, therefore, that he was highly regarded by 
the Society in his lifetime, and not only after his 
death. To commemorate the bicentenary of his 
birth, the Society have arranged an exhibition of 
Bramah relics—many of which were shown at the 
Stainborough celebrations, mentioned above—and 
this can be seen in the library of the Society’s 
building in John Adam-street, London, W.C.2. 
The exhibition was opened on Monday last, June 13, 
and will remain on view (Sundays excepted) until 
Saturday, June 27; the hours of opening are from 
10 a.m. to 5.30 p.m. (12.30 p.m. on Saturdays). 
The relics include copies of Bramah’s numerous 
patent specifications, the only authentic portrait of 
him, a collection of Bramah locks (including the 
lock shown in the Great Exhibition of 1851, for the 
picking of which a prize of 200 guincas was offered 
—and eventually won by an American locksmith, 
A. C. Hobbs), a sawing machine used for cutting 
slots in the locks, and models of his banknote- 
numbering machine, hydraulic press, semi-rotary 
pump, etc. A number of drawings and photographs 
are also exhibited and, in addition to a list of the 
items displayed, reprints are available of “ A Note 
on Joseph Bramah,” prepared for the Journal of 
the Royal Society of Arts by Councillor R. W. 
Allott, of Sheffield. 





“Tae CAMERA IN InDUsTRY.”—The pictorial possi- 
bilities of industrial buildings and processes have 
impressed many photographers from time to time, and 
photographic enlargements have been prominent features 
in many recent Government exhibitions, but usually, in 
such cases, the pictorial aspect has tended to outweigh 
the attention given to technical detail. This is not the 
case, however, in the one-man exhibition of the work of 
Mr. Walter Nurnberg, F.R.P.S., now on view in the 
rooms of the Camera Club, 23, Manchester-square, 
London, W.1. The subjects portrayed include steel- 
making and rolling, tube making, locomotive building 
and repair, cable making, weaving, tailoring and brewing. 
The exhibition will be open until the end of the month, 
from 11.0 a.m. to 10.0 p.m. on weekdays and 9.0 p.m. on 
Sundays. Later in the year, it will be shown in various 
provincial towns; first in Reading, and afterwards in 
Bristol, Letchworth and Oldham. There is no charge for 
admission. 
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LETTERS TO THE EDITOR. 


THE METRIC SYSTEM. 


To THE Eprror oF ENGINEERING. 

Smr.—I have followed with interest the discussion 
on the metric system in your “Letters to the 
Editor” column. May I be permitted to make a 
few remarks on behalf of those who have to use 
daily both inch-pound and metric units. My work 
includes an intensive study of technical literature 
from all over the world, especially concerning the 
testing and properties of materials, instruments, 
standards, ete. My remarks, however, concern only 
the inch-pound system as compared with the decimal 
S) ° 


ystem 

The decimal system contains only various powers 
of 10 as conversion factors, whereas the variety of 
these factors in the inch-pound system is nearly 
infinite, as can be seen by reference to the various 
conversion tables given in pocket-books and technical 
handbooks. Can any advocate of the inch-pound 
system assert that 50 per cent. of the users know all 
these conversion factors by heart? For the users 
of the decimal system this statement could be made 
without reserve; and it may be noted that the 
conversion tables do not usually contain the fathom, 
pole, nautical mile, league, circular inch, bushel, 
quarter, etc. The superiority of the decimal 
system is also clearly shown by the fact that it was 
this system which invaded the inch-pound system 
(decimal notations of pounds and inches, creation 
of the micro-inch and kilopound) and not the reverse. 
The use of logarithms (Briggs’) to the base of 10 is 
based on the decimal system, logarithmic slide-rules 
have, with some insignificant exceptions, decimal 


If the partisans of the inch-pound system would 
simply tell us that industry cannot afford total 
conversion to the decimal system at the moment, 
because this would involve costs of so many million 
pounds, their point of view could be understood, 
but to convince those who know and use both 
systems of the superiority of the inch-pound system 
over the decimal system would be to praise the 
merits of the wooden wheel in comparison with a 


modern tyre. 
Yours faithfully, 
Grorces F6.pEs. 
Schaffhausen, 
Switzerland. 
June 1, 1949. 





To THE Eprror oF ENGINEERING. 

Sm,—aAlthough I have grown up with the metric 
system, I am quite familiar with the duodecimal 
system by extended study of scientific literature of 
the English-speaking world. I have followed the 
recent correspondence on the metric system with 
much interest and should like to emphasise some 
facts from my point of view. 

It matters little what system is employed in the 
everyday life of a housewife, because by experience 
she connects with the terms lb. or kilogram or X 
the conception of a certain amount of goods, no 
matter whether the weights used are on the duo- 
decimal, decimal or any other system. The matter, 
however, is more difficult when operating on a 
larger scale. To make this clear, I may mention 
two points concerning merely scientific matters. 

Measuring means comparing: numbers are a 
‘means of international communication between 
scientists and engineers who compare the results of 
their scientific work. Obviously, that system is 
best which is most suitable for comparisons, although 
time would be saved by «-'=~ only one system. I 
will give an example fom publications on heat 
transfer; I do not deal with deg. F., which is 
probably the most arbitrary temperature scale that 
could be imagined, but will take the case of thermal 
conductivity. The metric system employs as 
dimension 

k kcal. | 

° Lm hdeg.C_]* 
If instead of “kcal” only “cal” are needed, the 
digits must be multiplied by 10* which is easily done 
without any calculation. If it is necessary to 





change over from m. to cm. in the denominator, 
multiply by 10-*, etc. There is no difficulty at all. 
Take, on the other hand, the duodecimal system ; 
here we have 

B.Th.U. | 
ft. hdeg. F_|* 

B.Th.U. 

(in. A deg. F) 


a certain amount of calculation by dividing by 12, 
which is much more trouble than with the metric 
system. 

This transformation is needed not only in com- 
paring experimental data, but also in calculations 
with formule. Dimensions were frequently fixed 
for convenience, at one time, without regard to any 
further application, according to the rule: “ the 
unit size should be such that commonly-used values 
can be expressed with a minimum of digits.” No 
one, however, could expect all dimensions from 
atomic physics to astronomy to be expressed in 
only one practical unit of length, such as cm. or in. ; 
many formule require other than the usual dimen- 
sions in order to give results dimensionally correct 
with few digits. It is necessary, therefore, to con- 
vert some of the digits, tabulated according to the 
above-mentioned rule, to the necessary dimensions. 
This is very conveniently done in the metric system 
without any numerical calculations, it being only 
necessary to multiply by a power of 10, which is the 
deciding advantage, or by simply shifting the 
decimal point, the order of the original digits 
being . AS an example: convert 
0-000,000,134,567 in. to feet in order to obtain a 
dimensionally correct result in a given formula. 

13 -456,700 
12 
This division (or multiplication) occupies consider- 
able time when converting a long table requiring the 
same number of digits as before. The following 
example shows the simplicity of a similar conversion 

in the decimal system. 

Convert 0-000,000,134,567 cm. to mm. or m. 
This merely involves the trifling task of writing 
down the figures without any numerical operation 
which alters the original order of the digits. Thus, 

0 -000,000,134,567 cm. = 13-456,7 x 10-*cm. 
= 13-456,7 x 10-7 mm. 
= 13-456,7 x 10-*m. etc. 


I hope that the above may have contributed to 
the better appreciation of the advantages of the 
metric system as compared with the duodecimal 
system. 


ke 


To convert this dimension to requires 


0 -000,000,134,567 in. = x 10-8 ft. 


Yours faithfully, 
Hans E. A. Borer. 
Grafenberger Allee 343, 
Duesseldorf, Germany. 
June 7, 1949. 





BRITTLE FRACTURE OF MILD- 
STEEL PLATES. 


To THE Eprror OF ENGINEERING. 

Sm.—In reply to Mr. A. C. Vivian’s letter in your 
issue of June 3, page 520, my statements were 
based on the “effective ductility ” as measured in 
the ordinary tensile test, because it is this which 
Mr. Vivian seeks to incorporate in British Standard 
Specifications. What little work has been done on 
the subject seems to indicate that the “ effective 
ductility ” increases with increasing rates of loading. 
On the sther hand, increasing rates of loading 
reduces the notched-bar impact value. 

Yours faithfully, 
A. J. K. Honeyman. 

The Steel Company of Wales, Limited, 

P.O. Box No. 3, Port Talbot. 

June 10, 1949. 





ENGINEERS’ GuILD.—The formation of a Western 
Branch, with headquarters in Cardiff, is announced by 
the Engineers’ Guild, 28, Victoria-street, London, 8.W.1. 
The inaugural meeting will take place at the South Wales 
Institute of Engineers, Park-place, Cardiff, on Friday, 
June 24, at 6.45 p.m., when “ The Guild as an Association 
of Professional Engineers ” will be discussed. 





THE BRITISH ELECTRICAL 
POWER CONVENTION. 


Tue British Electrical Power Convention opened 
at Torquay on Monday, June 13, and will conclude 
to-day, Friday, June 17. This gathering may be 
regarded as the lineal descendant of the Incor- 
porated Municipal Electrical Association, which 
was founded 52 years ago and, with the exception 
of the war years, held regular annual conventions. 
Its membership was made up of the chairmen of the 
Electricity Committees and the chief engineers of 
the municipal electrical undertakings. The con- 
ventions were, however, attended by an increasing 
number of visitors, drawn from all branches of the 
industry: They thus provided a valuable meeting 
place for the formal and informal discussion of 
current problems. When the Electricity Act, 1947, 
was passed it became evident that the Association 
could not continue in its existing form. At the same 
time it was felt that some annual conference was 
necessary to facilitate contact between the members 
and officers of the British Electricity Authority and 
to ensure that they were working together in that 
friendly collaboration which is essential for the 
efficient functioning of any large-scale organisation. 
It also became evident that it would be desirable to 
supplement such a conference with a convention, 
which would include within its membership all the 
principal organisations connected with the elec- 
tricity supply industry. 

Seon after its formation, the British Electricity 
Authority therefore called a meeting of a number of 
organisations in the electrical industry to discuss 
the matter. These organisations included the 
Institution of Electrical Engineers, the British 
Electrical and Allied Manufacturers’ Association, 
the Cable Makers’ Association, the Electric Lamp 
Manufacturers’ Association, the Electrical Contrac- 
tors’ Association and the Employees National 
Committee. As a result, it was decided to hold a 
national convention this year and that this conven- 
tion should be public in character and work to an 
agenda which would be limited to subjects directly 
concerning the electricity supply industry. A con- 
vening committee of the participating bodies was 
established for this purpose and a sub-committee 
was also appointed to frame a constitution. Lord 
Citrine, chairman of the British Electricity Autho- 
rity, was elected president of the convention and 
chairman of the council and Mr. J. W. Simpson 
was appointed secretary. In organising the con- 
vention an effort has been made to reduce the 
numbers attending to manageable proportions, 
while at the same time providing reasonable repre- 
sentation for all the member organisations. Actu- 
ally, the attendance at Torquay numbers about 700 
delegates and 500 visitors, thus making a total 
which is rather less than has been usual at the 
Incorporated Municipal Electrical Association Con- 
ventions in recent years. 

On Monday, June 13, and Tuesday, June 14, the 
only public functions were the opening of an elec- 
trical exhibition by the President and an evening 
reception by the Mayor and Mayoress of Torquay. 
Private meetings of the British Electricity Authority 
and other associations, however, took place. The 
public proceedings began on Wendesday morning, 
June 15, when a meeting was held in the Pavilion 
and a civic welcome was accorded to the delegates 
by the Mayor of Torquay (Councillor D. Gilley). 

The president (the Rt. Hon. Lord Citrine, K.B.E., 
chairman of the British Electricity Authority) then 
delivered an address, an abridgment of which will 
be found on the opposite page. It will, there- 
fore, be sufficient to say that after reviewing the 
origins and objects of the convention, Lord Citrine 
discussed the work of the British Electricity 
Authority during the first year of its existence ; and 
indicated how progress was being hampered by 
shortage of equipment. He also dealt with the 
many difficulties which are slowing down power- 
station construction at the present time. Finally, 
he insisted that the economic prosperity of the 
country depended on an abundant supply of elec- 
tricity and that the challenge implied in this position 
must be faced by everyone in the industry. 

On Wednesday afternoon, a second meeting was 
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held, at which a paper-on “Meeting the Needs of 
the Consumer in the Electricity Supply Industry,” 
was read by Mr. C. T. Melling, chairman of the 
Eastern Electricity Board. The consumers’ opinion 
of the electricity service would, he said, be largely 
based on the consideration and understanding of their 
particular problems by the Area Boards and their 
employees. There was no doubt that the reorganised 
industry could provide a service which was more 
uniform and better throughout the country as a 
whole than that which had been possible with 
some 550 separate undertakings. The greatest care 
must, however, be taken to ensure that this service 
was given in a spirit of helpfulness and with a real 
interest in assisting the consumer in his particular 
electrical problems. This spirit of helpfulness could 
be fostered by giving as much responsibility as 
possible to those who were dealing with the con- 
sumers. There was also need for a strong service 
organisation, including the purchase of electricity, 
wiring and appliances on reasonable terms. There 
was still much to be done before electricity was 


generally available throughout the country and the | P® 


rate of connection must be speeded up. 

In the evening, a reception was held at the Town 
Hall by the President and Lady Citrine ; and on 
Thursday morning, June 16, a meeting was 
held at the Pavilion at which four papers were 
presented. These were on “High Voltage Trans- 
mission in Great Britain,” by Mr. T. G. N. Haldane ; 
on “ Switchgear for Systems of 200 kV and Above,” 
by Mr. B. H. Leeson; on “ Power Transformers for 
Systems of 200 kV and Above,” by Mr. H. 8. 
Holbrook; and on “ High Voltage Research and 
Development in the British Cable Making Industry,” 
by Mr. T. R. Scott. Mr. Haldane’s paper, of which an 
abridgment appears on page 559 of this issue, dealt 
broadly with the future of electric power transmission 
and examined the need for closer inter-connection 
between the grid areas in this country. An approxi- 
mate estimate was made of the generating plant 
that might be saved by such inter-connection and 
of the average capacity of the inter-area lines 
required. To provide this inter-connection a 300-kV 
“ national ’bus-bar” would have to be superimposed 
on the existing 132-kV system, and estimates were 
given of the savings that would result. 

Mr. Leeson’s paper, with which we propose to 
deal more fully in a subsequent issue of Enat- 
NEERING, described the switchgear, protective appa- 
ratus and other devices which had been designed in 
this country for three-phase systems operating at 
200 kW and above, as well as the layout of the 
necessary switching stations. In Mr. Holbrook’s 
paper, developments in the design of transformers 
for 200 kV and above were recorded and descrip- 
tions and illustrations were given of several units 
to show how customers’ requirements were being 
met. Engineering development, it was pointed out, 
had been particularly directed towards a reduction 
in overall weight and height without an undue in- 
crease in impedance. The conclusion was reached 
that three-phase groups of 400-kV auto-transformers 
with a turns ratio of 145/380 and a rating of 
300 MVA could be built and transported. Mr. 
Scott’s paper reviewed the growth of research and 


development work in connection with high-voltage | ing 


cables in this country ; and considered the present 
position, particularly in relation to the research 
facilities available. Comments were also made on 
future potentialities. 

(To be continued.) 





MSBRGER OF MANAGEMENT INSTITUTES.—An agree- 
ment intended to bring about a merger between the 
British Institute of Management and the Institute of 
Industrial Administration in two stages has been signed. 
During the first stage which comes into effect immedi- 
ately, the Institute of Industrial Administration, which 
has been in existence for 30 years and has a membership 
of 6,000, will retain its separate identity and its profes- 
sional activities will continue unchanged, but its execu- 
tive management, subject to the policy control of its own 
Council, will be undertaken by the staff of the British 
Institute of Management. The merger will be com- 


pleted in the second stage which is expected to come into 
effect in two or three years’ time. The temporary head- 
quarters of the British Institute of Management are at 
17, Hill-street, London, W.1. 


THE POSITION OF THE BRITISH 
ELECTRICITY SUPPLY INDUSTRY.* 
By Tue Rr. Hon. Lorp Crretvz, K.B.E. 

Tus British Electrical Power Convention is repre- 
sentative of all those sections of the engineering indus- 
try, with the exception of civil engineering, which are 
concerned with electricity supply. It is evidence of 
the unity of interests which bind these sections together 
and of their willingness to co-operate and learn from 
each other in their endeavour to serve the public. This 
inter-relationship is not something ephemeral and they 
must continue to work together whether they are 
engaged in a nationally owned and operated service or 
in private employment. 

As this is an trical Power Convention it is appro- 
priate that broad reference should be made to the 


past twelve months. The transfer from the former 
company and local-authority undertakings has been 
made smoothly and the main pations have been 
the building up of the organisation and dealing with 
the many related 1, financial, commercial and 
other problems. The main theme of the organisational 
licy is decentralisation. The electricity supply 
industry in this country has always been animated by 
a high spirit of public service and it has been the 
British Flectricity Authority’s endeavour to inculcate 
that spirit more deeply in the minds of all engaged in 
the indus A system for negotiating salaries, — 
and conditions of employment is already very 

tive and will cover all except those occupying the 
highest executive positions. A sincere endeavour has 
been made to establish a friendly relationship with the 
public under the adverse conditions caused by in- 
ad te generating capacity and the differential 
tariffs introduced last winter. Transmission and dis- 
tribution capacity are being increased as rapidly as 
facilities it, but the necessity of maintaining some 
priority p meecen is irritating to suppliers and consumers 
alike. 

The financial problems of the British Electricity 
Authority are considerable. The Electricity Act per- 
mits a total borrowing for the provision of capital 
expenditure of 700/. million, but it is questionable 
whether this will be adequate to meet the needs of the 
industry in the years that lie ahead. It was the 
policy of the Government, in an effort to keep down the 
cost of living, to refuse ission to raise i 
during the war years, if there were reserves upon which 
the undertaking could draw. As a result, the Area 
Board are faced not only with greatly increased 
operating costs, but with reserves. Action 
has consequently been taken to adjust the c in 
the localities affected. One of the duties of the 
Electricity Boards is the simplification and standardisa- 
tion of methods of charging for supplies, and four 
committees have been at work dealing with the many 
hundreds of industrial, commercial, domestic and rural 
tariffs which exist. The — is not simple, but 
substantial progress has made ; and it should 
be possible to announce, in the near future, the prin- 
ciples of a domestic tariff for substantially universal 


application in method if not in actual amount. The | ™Y P 


accounts for the first year’s financial and commercial 
operations of the Authority are now in process of com- 
pilation. It is a very complicated task because of the 
variations in practice among companies and local 
authorities, and it is unlikely that they can be 
completed and audited much before the end of 
the current year. These accounts, together with the 
annual report, will give a clear indication to the public 
of the general trading position for the year, together 
with a comprehensive review of the activities of the 
electricity supply industry as a whole. imi 
information seems to indicate (largely owing to the 
increase in tariffs not being made until the year 1948 
was well advanced) that the surplus of revenue will be 
narrow. 
Turning to the subject of electrical development in 
Great Britain, shortages of men and materials persist ; 
and no ingenuity on the part of those responsible for 
the operation of any single industry can escape the 
uences. Industrial uction is. improving 
steadily, but in a period almost every industry 
is short of labour and materials to meet the pains 
internal demand, there is bound to be some measure 0! 
vernmental supervision, rationing and restriction. 
e effects of these shortages and restrictions upon an 
e ding industry, such as the electricity supply 
me te are particularly onerous. Notwithstanding 
handicaps, however, the demand is steadily increasing, 
and there is no sign whatever of saturation point being 
reached. The figures for electricity generated during the 
first five months of 1949 show that more than twice as 
much current is being produced as in 1938. 
It is plain that great capital developments must be 


*Presidential address delivered at the British Electrical 
Power Convention at Torquay on Wednesday, June 15th, 








1949. Abridged. 





work of the British Electricity Authority during the | P 


undertaken, and the British Electricity Authority con- 
template spending 400,000,000/. on this during the next 
five years. eg cate onyy or hee Any any ly needed 
and the British Electricity Authority are constantly 
making ppg 2 —_ to construct them, but over 
one-third of the heavy electrical generating machinery, 
pearance age 7 This raises a high 
question of policy. The ability of the industries of the 
country to meet ever-growing competition in the export 
market is pea ome | bound up with the provision of 
adequate supplies of electricity to enable more efficient 
production to be achieved. ere is a close relation- 
ship between the cost of the product and the power 
resources available peremployee. The claims on manu- 
facturing capacity in this country, as between plant 
for power stations and goods for e: , are therefore 
complementary rather than competitive, and an im- 
rovement in the supply of electricity will be reflected 
in the exports to the ultimate overall advantage of the 
country. Despite recognition of the palpable need for 
maintaining exports, concern has been ¢. many 
times at the exceptionally high rate of exports of 
heavy plant. There is a feeling that it is not sound 
policy to deprive British industry of an adequate supply 
of electricity by exporting too large a proportion of 
generating plant. This is accompanied by the re- 
flection that we are equippi ur potential. competi- 
tors in the international field for a struggle which may 
come at a time when our own industries are at a com- 
parative disadvantage, owing to a lack of generating 
capacity and electrical equipment. 

From the reports of the o-American Council on 
Productivity, which were published in November, 1948 
and April, 1949, respectively, it is apparent that the 
prospect of this country becoming economically self- 
supporting by the time that Marshall Aid is exhausted 
in 1952 depends more on the extent to which generating 
capacity can be increased than perhaps on any other 
single . This handicap on the industries of the 
United Kingdom is likely to be still further increased, 
in comparison with the United States, if the vigorous 
advocacy in the technical Press of America for still 
more adequate electrical equipment for that country’s 
industries is successful. In the year 1948, the manu- 
facturers of the United States were able to put at the 
disposal of the electricity supply industry a net increase 
in generating capacity totalling 2,646 MW. This 
additional capacity, large as it is, is evidently regarded 
as very disappointing, and in the words of the Electrical 
World, it is to reconcile with the 3,790 MW added 
in 1925. The estimated increase in capacity for the 
year 1948 was 4,012 MW. But to quote the same 
journal, the substantial growth in installed capacity 
indicated at the inning of the year did not materi- 
alise. Undismayed by this, however, it is planned to 
increase capacity during 1949 by 6,177 MW. 

Frequently, in the search for alternative means of 
generating electricity, the ibilities of the gas 
turbine, atomic energy and wind-power are mentioned. 
The British Electricity Authority are installing two 
15 MW turbines from which valuable information 
will be obtained. As and when the use of atomic energy 
in relation to power generation reaches even a prelim- 
i ractical form, the Authority will be 
to take their full share in furthering such development. 
Hydro-electric development is being pushed for- 
ward as rapidly as possible by the North of Scotland 
Hydro-Electric Board, and it is hoped that 150 MW 
of generating capacity will be available from that 
source to the British Electricity Authority in the course 
of the year 1950. Hydro-electric power cannot, 
however, make any more than a comparatively modest 
economic contribution to the solution of the problem 
of meeting the public demand. Experiments are also 
being made with wind-power, and this may prove a 
useful auxiliary to supplement the public supply, 
particularly in remote districts. It is upon steam 
generation, however, that reliance must be placed for 
the next couple of decades at least. 

The sh of steam-generating t is extremely 
serious, and if the winter of 1949-50 is really severe, in 
the absence of load-spreading, installed capacity will 
still be some 2,000 MW behind the potential dimen. 
Last winter was mild and comparatively little load- 
shedding had to be resorted to, but this was not all 
due to the weather. Great credit should be given to 
the engineers of the British Electricity Authority who 
reduced the plant out of service during the peak period 
from about 15 per cent. to an average of 11 per cent. 
They are also to be congratulated on their success in 
improving thermal efficiency, which is steadily on the 
pe nary The shortage of plant has not been brought 
about by the British Electricity Authority. It was in- 
herited by them with other assets and obligations on the 
vesting day. Little in the way of additional plant was 
possible during the war, and the Government expressly 
exonerated the Central Electricity Board from any 
responsibility for the shortage, which it was foreseen 
would arise. In June, 1945, Sir John Hacking 
notified the manufacturers of turbine and boiler plant of 
| the very great increase in generating capacity that would 
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be required. Revision of this e had to 
take place because of the difficulties which were 
experienced in the immediate post-war and a 
revised forecast was made in July, 1947. is provided 
for increases rising to 2,646 MW -etvagaan 
The present Government have pursuing & poli 
of economic planning and, with clamant Gumeate for 
bour and materials from other industries, housing, 
schools, hospitals, trans and the defence services 
and almost every kind of social and public institution, 
they felt that it the demands involved in this programme 
could not be met. After various revisions had been 
suggested, they finally decided, in December, 1947, 
the advice both the Central Electricity 
Board and the British Electricity Authority, to cut the 
—— down to 1,150 MW in 1948, 1,600 MW in 
So ray fear eee Ti The 
it capacit iven in megawatts sent out in every 
opps the total installed ity of the plant less 
simately 5 per cent. for current consumed in 
TF kon generating station. The figures for 
1048 and 1040 proved tobe far the ca of 
the manufacturing industry: and it is evident to the 
avurtabiing ths catego, ovee by 1900, unieas exhtig 
overtaking the sh: , even by 1953, unless existing 
by at least 1,690 MW in 1951 


and transformers at the 
speed and with the cohesion that the ting plant 
programme ires, and can the civil work 
eee ee ee ee ee ee ae 
demand. The supply of turbo-alternators during the 
current year has been more than to meet the 


requirements of the British Electricity Authority, due, 
in some measure, to the civil engineering work not 
ae with the rate of manufacture of such 
Eien te teen. wos aie bo shoviens of ihour 

Er tc tok of naeeaas thot Sota ta carte 
a ee ae oe before the 

industry became nationalised. It is anticipated, how- 
ever, that even in the case of those turbines which have 
been stored, they will, nevertheless, be erected by the 
time the boilers are ready to steam. credit must 
be given to the man urers for the t efforts 
that they have made to expand their capacity in recent 
years, and this will, it is hoped, increasingly show its 
effect. The problem of adequate supply of 
all plant, and satiety tele, tubes and pipes, 
continues to be a serious one. It may indeed prove to 
be the obstacle to constructing power stations 
and supplying the country with the sicetricity which | am: 
is so urgently needed. hag ie ne phen 
alternative sources for certain items in short supply to 
supplement the efforts of the producers of boiler 
and this is being explored 

The de and complexity of the task of 


building 
thereto, is not fully a ted by the public. It is 
comparatively easy to eal with thie matter statistically, 
but the engineering implications are very 
ee ae are required to commission 
t, and during that period a vast number of 
apse 4 works, involving civil, mechanical and 
While all pve bi . yore tak 
sequen. le ible steps are en, 
and will continue to be taken, to standardise and 
rationalise designs and layouts of stations, the fact 
remains that a large part of every station is, of necessity, 
“ tailor-made ” and each station has many individual 


@ power station, or making a major extension | they 


characteristics. 
intl a todas oaion three major requirements with 
stations. The first is the necessity of 
having ear field for planning ahead as far as possible, 
sar a aa et gl — albeit a 
to any substantial variation. e second necessity is 
for an adequate supply of capital, labour and materials 
to be allocated to the industry ; and the third, for the 
utmost Sree Coenen with the production of lant, 
and especially ers, tu ipes, to ena) the 

e to be carried out sp echo. 

As to having a clear field for planning, it would seem 
that the obstacles ahaa the way of the siting of electric 
generating stations Nowadays it is 
coming to be regarded as impossible to buld « power 
station anywhere without encountering the 
of well-intentioned, public-spirited citizens bodies 
who are obsessed wit! tig tov, eal Ge epdting of 
neys, vapour from coo towers, and the spoiling 
amenities. The talk of emission from c on 
be greatly exaggerated, and while it is natural 
concentration of fumes from stations should 
attract attention, little is h of the much greater 
oer of the atmosphere caused by the chi of 

stories and the myriad chimneys of domestic dwel- 
lings. It is the steadfast policy of the British Electricity 
Authority to support smoke abatement and avoid 
llution of the atmosphere, and the spread of electri- 
cation is, in itself, one of the greatest factors in the 





reduction of smoke. The preservation of amenities, 
too, is naturally ever t in the minds of those 
responsible for “the siting of the stations, and every 
effort is made to preserve amenities of every kind. 

Power-station sites have to be located not only with 
this in mind but with considerations of national defence, 
avoidance of disturbance to flying in the vicinity of 
aerodromes, avoidance of disturbance to future coal 
workings, the effect on fisheries and other interests in 
the use of river or estuary water for cooling, and the 
proximity of national parks, ancient monuments and 
wild-life reservations. The consultations that are 
now necessitated before a power station can be built 
seem to be more y than ever. Some sense of 
realism, both from the point of sally of the necessity 
to erect the power station as s as possible and 
the economic consequences of the sotine of elaborate 
and costly plant for dealing with chimney emissions, 
will have to be considered. If power stations have to 
be built many miles away from the actual load centres 
they are designed to supply, the increased cost of 

is bound to be considerable. 

The capital costs of generating stations are 
on the average at least 2} times as high as the 
before the war, and in some cases per ioe 
more. These costs must ultimately be covered by the 
tariffs charged, unless they can over a vastly 


edition 
are : | increased sale of electricity. The n of something | yn, 


of the order of 1-5. million for the cost of gas washing 
plant in Ba = apc modest-sized power station, 
such as ide, may seem not to matter very much, 
but should be reminded that the tariffs charged 
must eventually cover the costs in which the pence! 
is involved. To put power lines underground instead 
re ee ee ee 
a fo oe a fan al ae eR gare 

a ly 17,5002. for overhead lines 
60,0002. for underground cables,  aiihesuuneliadiens 
where the terrain is difficult very much more. These 
are factors which the British Electricity Authority must 
take into account, while always being conscious of the 
need for the preservation of the natural beauty, which 
Great Britain so abundantly possesses. 

The British Electricity Authority is disappointed at 
the tendency for commissioning dates to _— 
into later periods than those which have been settled 
noe eval recently, after full consultations with 

ufacturers. That there are many reasons for this, 

some of them completely out of the control of the 
individual manufacturer, is y 52 pene Incorrect 
spreading of the manufacturing oad among individual 
firms, which is a legacy of the vesting date period, 
and difficulties in respect of labour and materials are 
among these, but ensee ee are being taken wherever 
gw cnc ne, Beer et 
plant has been 


| ctcensod becemne withous i eletrial ent will 


be hamstrung. Throughout the short period that the 
British Electricity Authority has been in existence 
have endeavoured to maintain, through a system 
of Joint Committees, friendly, yet on 
arrangements with all the principal manufacturers and 
associations with whom they come in contact. 
An a is made to all on the manufacturing side 
to do their utmost to assist in achieving the required 
results. This matter is so im ae 


necessary, measures should be taken 
to deal with it. 


As the economic ity of the country depends 

so much upon an abundant supply of electricity, every 
electrical engineer, to the extent of his opportunities, 
werent ig Hg en gy pe Gane ma 
and resourcefulness of Schaudt te tote lt 
Saoene en  ivenpeiy'ed icity is to keep 
pace with the rapidly growing demands, but when the 
miraculous achievements of our country under the 
stress and of war is seen, it is clear that it 
should not be beyond the combined ability of the 
industry to accomplish it. 





TREPANNING TOOL FOR PLATES.—A hand tool, with 
automatic feed, for cutting holes in plates, has been 
introduced by Messrs. Euco Tools, Limited, 44, London- 
road, Kingston, Surrey. A trepanning-type cutter is 
rotated by hand, against a steel pad on the other side of 
the plate, and is fed forwards automatically at intervals. 
The tool is made in four sizes, to suit pipes, 3 in., ? in., 
1 in., and 1} in. in diameter, but other sizes can also be 
supplied. 





Moror-CaR DASHBOARD OF VENEERED STEEL.—An 
interesting method of constructing a motor-car dashboard, 
the | using a wood-veneered sheet-steel pressing, is described 
and illustrated in a bulletin published by Messrs. Aero | ing 
Research Limited, Duxford, Cambridge. The bulletin 
is a reprint of an article which appeared in the Automobile 
Engineer. Sheet steel is pressed to the required form, in 
the ordinary way, after which a walnut veneer is applied, 
using the Redux synthetic-resin adhesive process. The 
veneered dashboard is held in a press for 15 minutes at 
145 deg. C. 





THE INSTITUTION OF GAS 
ENGINEERS : 
PRESIDENTIAL ADDRESS.* 

By E. Crowrtuer, M.Eng., M.I.C.E. 

Tue past year has seen the close of one epoch and 
the opening of another in the history of the gas industry. 
With so many of our members personally affected in 
their positions and prospects by the change to public 
ownership, and with strong and diverse views enter- 
tained by many, I have been greatly impressed by the 
failure of controversy to impair the strength and unity 
of this Institution. The ch is now complete, the 
dust of controversy has settled, and arguments for or 
against the public ownershi ‘of the industry have 
ceased to be of more than academic interest. Sufficient 
to say that the personal credit of each one of us now 
engaged in the supply of gas to the public is fully 
involved in the success of the industry in its new shape. 

democracy as we do, and not merely paying 
lip service to it, the future of the industry could rest 
on no more secure basis. In the words of the Minister 
of Fuel and Power. in his message to the Institution : 
“It [nationalisation] does little more than create an 
opportunity, which it is for those in the industry to 
grasp. The aim must now be to raise the standard of 
the whole industry to that of the best of the existing 
To the achievement of this aim every 
emir of the Institution will, I have no doubt, give 
of his best in the interests of the industry and the 
nation.” 

Of all the national organisations of the industry, the 
Institution is the only one to remain unaltered in its 
constitution and personnel by nationalisation. In the 
past, by avoiding any excursions into territories forei 
to its constitution and charter, it has remained strict 
a professional and technical body. To ensure this, it 
took the initiative in earlier years, when it was virtually 
the sole link between gas und » of 


the creation of side ie and distinct to attend 
to matters outsic its true vince matter for 
example, con , publicity, sales 


promotion, and | pa nd Pasliamentare affairs—when 
these began to preoccupy many of its members. These 
bodies, having well served their day and generation, 
have now ceased to be, and their heir is the Gas Council. 
The wisdom of the policy of limiti he oe sa ter tos 
activities to matters er to a professional 

become abundantly clear as an essential madi > 
its continuance as a vital influence in the conduct of 
the industry. It is my conviction that the services of 
the Institution as a forum for technical discussion, as a 
medium of consultation and contact, and as the 

dian of professional and integrity will fe of 
even greater significance to its members in the future 
than in the past, while as a prophylactic against the 
insidious diseases of bureaucracy it will prove priceless 
to the industry. 

Steadily increasing demands for gas, both in the 
dr raestic ‘ol industrial spheres, at a time when plant 
ccnstruction has been and continues to be limited in 
amount, slow in execution, and extremely costly, have 
been and remain a major pation. As growing 
capital expenditure makes its effect increasingly felt, 
it may be that consequent increases in gas prices will 
slow down the rate of ex ion. On the other hand, 

improved standards of comfort and convenience 
demanded by all sections of the public, and made 
practicable 4 the development of the housing pro- 
gramme, will continue to encourage increased domestic 
sales. In industry, only the competition of oil, the 
world prices of which have tended latterly to recede, is 
likely to be a major restraining factor upon the demand 

at least so long as present levels of employment 
pth egw be Coal has ceased to be an acceptable 
fuel in many industrial fame my 
* district heating ” systems, 
© diminish as experience proves 
that the estimates commonly quoted for their cost are 
gravely over- ic, although the danger remains 
that certain local authorities, anxious to embark on 
new activities in ent of those which have 
passed out of their hands, may introduce district heating 
without regard to its true economics. Where this 
occurs, and tenants are given no choice but to accept 
the system, gas will be barred from competition in 
certain fields a te to it, and consumption in 
cae tales Gi Te towne (oon th a italy cxetgetilire 
market. Possibly the most potent influence towards 
further expansion of our business will prove to be the 
development, as integration proceeds, of major-under- 
taking standards of Cotelens, efficiency and service 
in — hitherto less efficiently supplied. In attempt- 
assess future pects, it is interesting to recall 
the on less than five years age in the 
Heyworth Report, to the effect that a 20 per cent. 
> es mg on of sales might be expected in the ten years 
following its preparation. In fact, during the first 


* Delivered at the 86th annual general meeting, held 
in London on June 13 and 14,1949. Abridged. 
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four years of this period, an expansion of 22} per cent. 
has been recorded already. aie 

It seems imperative to create some modest margin of 
plant capacity, where it does not now exist, beyond 
immediate requirements, although I consider it equally 
essential to exercise great caution under present 
conditions in determining both the amount and nature 
of any new construction. In so doing, it is necessary 
to bear in mind that, to the extent to which it is con- 
cerned with space heating, and with ‘‘ whole house ” 
heating in particular, expansion will increase seasonal 
peak loads, with their associated problems both of 
manufacture and distribution. An intensified study of 
seasonal peak loads, which have assumed an importance 
to the gas industry comparable with that of the momen- 
tary peak load to the electricity industry, and which 
holder capacity does little or nothing to ease, appears 
to be an urgent requirement. 

It may be calculated that, at present capital cost 
levels, new carbonising plant with its associated coal 
and coke handling equipment, if in continuous operation 
on base load, requires a charge of some 7s. per ton of 
coal carbonised to meet interest and redemption 
charges, assessed on the most favourable basis. This 
charge Se ls <n a ion as such 
plant is employed to a less extent t —_ 365 da, 
per year: should new carbonising plant be used ro 
to supply seasonal peak load, the influence of capital 
cost upon this peak-load gas becomes extremely great. 
Similar consequences arise if the use of such new plant 

base-load uction causes existing similar 
plant of comparable eficioney to be relegated from 
load to -load production. 

It follows that, where sufficient plant already exists 
to satisfy all demands, it is erable financially to 
continue to accept a considerable degree of ineconomy, 
if this is inherent in the existing plant, rather than to 
replace it by new. The measure of the tolerable 
ineconomy up to a daily gas output — of perha; 
60 per cent. of the maximum day is the figure, Caen 
quoted, of 7s. per ton upon the tonnage of coal whic 
the plant can carbonise ; while to replace the whole of 
the t would involve a charge for capital service of 
the order of 10s. per ton of coal actually carbonised. 
Such figures as these allow a om | wide latitude of 
ineconomy before the scrapping of old plant and its 
replacement by new can be justified upon strictly 
financial considerations. 

Where the question is one of meeting additional 
demand rather than of ing uneconomical plant, 
load factor becomes the main consideration in examining 
capital costs. Assuming, for example, that it is 
desired to enlarge efficient carbonising t to permit 
of a 25 per cent. increase in both annual and maximum 
day’s output of a station which is the sole source of 
supply to a typical district, the equivalent load factor 
upon the additional plant will be not more than 25 per 
cent., since, for at least eight months of the year, the 

igi t could carry the whole of the load even 
after the development of the new business had been 
effected. Admittedly, this implies an improved load 
factor upon the original J panes but concurrently the 
cost of the new plant, if regarded as falling wholly 
upon the gas which it is beyond the capacity of the 

iginal plant to provide, is of the order of 2s. per 
1,000 cub. ft. of such gas. 

While, in such circumstances, the load factor might 
be lifted by employing gas instead of coke to heat a 
—— of the settings during the light-load period 
of the year, 


bas Sin Socnatean 5 ee Se ROETR Sie 
study, its possible consequences upon the coke 
aes, if Widely employed, are difficult to estimate ; 
one ae mae ans plant of a 
capital cost, if higher in operating cost, to carry i- 
- oo at 

ted water-gas plant, for example, ‘altho 

com in cost with carbonising plant for 
uction at present price 

residuals, becomes the .cheaper source of production, 
inclusive of capital charges, at any load factor below 
50 per cent., its advantage increasing progressively as 
the load factor falls farther. 

The essential disability of carbonising plant lies in 
the fact that it converts only about one quarter of the 
therms supplied to it as raw material into the desired 

product, leaving the major part of the original 
therms still in a solid form not greatly different in 
Sceebeen weniag sol soplel sud Hameed ie 
consequence, working capital costs i in 
treating four therms as coal must be charged mainly 
against one gaseous therm. 

There may be several lines of attack upon this 
situation. Carbonisation may be modified so as to 
deliver the solid therms in a form saleable at an appre- 
ciably higher price than that commanded by the 

iginal coal, with the ps of ones ee plant at 
work itably throughout the year. Suchas is 
Manteo’ by’ two po ’ widely. diferent — 
carbonisi namely, low-temperature car- 
bonisation, d i to pees an acceptable solid 
smokeless fuel for domestic use, and coke-oven car- 





bonisation, poiois a hard coke essential to the 
metallurgical industries. There is, indeed, already a 
trend towards the adoption of coke ovens in large-scale 
gas undertakings, and this trend may be expected to 
develop as integration proceeds. 

New types of carbonising plant may be devised, 
capable of being constructed much more cheaply than 
those with which we are familiar and having lower 
working costs per gaseous therm produced. Recent 
developments in the production of heat-resisting and 
stress-resisting metals in connection with the gas 
turbine suggest that we may not always be limited to 
silica and fireclay as the materials for retort walls, 
while new and more precise methods of applying heat 
to coal are not beyond imagining. 

Extremely cheap total-gasification plants may be 
devised to stretch the uction of existing carbonising 
plant at times of demand. On low load factors, 
such plant would be relatively economical even if low 
in thermal efficiency, permitting the use of a proportion 
of oil for enrichment purposes, notwit ing that 
the cost of a therm of oil is more than double that of a 
therm of coal. The use of ucer gas on the one 
hand (largely practised at Liverpool), and of oil- 

ifying ts on the other (as recently developed by 
the then Gas Light and Coke Company), are examples 
of the financially advantageous use of plants of low 
capital cost. It is not impossible that the merits of 
these two examples may combined in some new 
— of plant, and their disadvantages—the low 

orific value of the one, and the thermal inefficiency 
of the other—minimised. In carbonisation at least, 
the inescapable fact must be kept in mind that the 
principal raw material, coal, costs less than 3d. per 
therm. This must be the figure to which we should 
seek as nearly as possible to approximate in the cost 
of the gaseous therms produced. 

I have discussed this topic at some length in order 
to draw attention to the need for a review of established 
ideas upon the economics of gas making, a need sharply 
emphasised by the severe rise in capital cost of 
plant at a time of expanding load. The immediate 
construction of additional plant of standard t 
particularly of carbonising plant—without the closest 
consideration may lead to acute financial difficulty, 
which will be vated should the ratio of coal 
price to resid prices increase, as appears not 
unlikely. A siop-gap policy for a few years, even at the 
sacrifice of taxation relief upon new capital ae 
may well prove to be advantageous in the long view, 
judging from the trend of prices in the years which 
followed 1918. In the meantime, much might be 
gained from a searching examination of the research 
work of recent years. 

The gap between the scientist and the engineer is 
too wide; it is not so much that the gas industry's 
immediate need is for more research as that it needs a 
liaison staff to ——— the implications of the work 

to explain and clarify these to the 


t designer and operating engineer. A great deal | togeti 


of work has been done, for example, during the life of 
the Gas Research Board upon many aspects of com- 
bustion and the behaviour of a variety of combustible 
gases and combinations of gases. In spite of this work, 
it has been left to the engineer to discover for himself, 
as a result of expedients forced upon him by exceptional 
conditions and shortages, that strict consistency of 
calorific value, ———— and specific gravity are not 
necessarily essentiai to satisfactory burner performance. 
Not only has he learned that burners of normal types 
are more tolerant of an appreciable variation in any 
one of these properties of town gas than had been 
supposed, but, more important still, he has found that 
an enforced variation in one property ma: com- 
pensated by a deliberate variation in another. Thus 
the rigid standards at one time regarded as the chief 
criteria practice have lost much of their signi- 
ficance, 
demands and unusual situations of many kinds by the 
use of unconventional plants and methods, without 
which serious shortages of gas supply might have 
occurred. 


It is di ing to realise that these “discoveries” 
are, in fact, implicit in the reseezch work to which 
reference has been made. It is the lack of an inter- 
preter of the knowledge, not the lack of the knowledge 
itself, which has caused the engineer to reach a conclu- 
sion by trial and error which, when reached, and not 
before, he is able to recognise as a logical deduction 
from the work of the scientist. There is no suggestion 
that either the scientist or the engineer is to be blamed 
for such a situation ; ae is = Ssasape = ne Seats to 
appreciate the practical pro! of the as it is 
for the latter to recognise the direction and significance 
of the scientist’s reports. If, however, each is to make 
his fullest contribution to technical progress, some 


closer liaison must be effected between them, mitigating 

the consequences of over- 

the world of science and tec 
A combined attack might 


r isation, which afflicts 
ology. 





Ase made upon the 
vourable calorific 


apparent dilemma of the most 


ped eg 
and it has been found possible to meet peak | strength 


value. Here considerations of manufacturing cost in 
conditions of growing demand appear to suggest a 
ns of calorific value, permitting an increased use 
of water gas with ive carburetting as the 
seasonal peak develops. Sim ultaneously, considerations 
of distribution cost appear to poiat in precisely the 
opposite direction, as higher calorific values with lower 
specific gravities would increase the effective capacity 
of over-loaded mains services and meters. Is it 
possible that the answer to the dilemma is latent in 
work already in hand in our laboratories ? 

These speculations point to the need for the widest 
possible outlook on the part of those who direct the 
industry, so that the various abilities of all those 
engaged in its service may be employed at the highest 
efficiency. The Institution has t to promote such 
an outlook on the technical side of the industry, and, 
in its educational work, to inculcate in those who aoe 
to corporate membership a knowledge of the - 
lying scientific principles of mechanical, civil and 
chemical] engineering, as well as an actual proficiency 
in those arts themselves. With the developments in 
the activities of the industry, we may expect to see 
corresponding developments in our educational system 
and in the facilities-available to technical recruits, 
leading naturally to a widening field of recruitment. 
The time is opportune to introduce a a of 
technicians of varied experience into the industry : 
architects to plan new structures, civil engineers to 
poem 4 distribution networks, electrical engineers to 
control power generation and usage, and chemical 
engineers to devise new and improve existing processes. 
There will be increasing scope for all of these, and the 
first to welcome such men of ability to the engin- 
see gobaten wey Se Seen aon aare it their 
ife work. 





ALUMINIUM ALLOYS FOR 
SHIPBUILDING.* 
By J. Lewacuan, M.LN.A. 

Procress is reflected through changes in industrial 
methods and materials over a period of years. In the 
shipbuilding industry considerable advances have taken 
place in constructional technique, but in so far as a 
suitable substitute for the basic material steel is 
concerned, the stage has not yet been reached where its 

ent is merely a matter of time. It is true 


that plastics and light alloys are ing ideal materials 
for many purposes ; and, as they more generally 
appreciated, their use in shipbuilding will and 


cover not only fittings, but also will extend into parts 
of the principal mechanical and structural members. 

In the past, shipbuilders have been accused of over- 
caution and of having a prejudice on the grounds of 
cost against introducing new materials. ile to a 
large extent the cost factor, of growing importance at 
the present time, cannot be ignored, existing shortages, 
her with the growing complexity of the modern 
ship, have influenced desi towards the considera- 
tion of lighter materials to help reduce top weight and 
to provide, in some instances, a better distribution of 
material in places where strength is most required. 
Research work on the use of aluminium alloys in shi 
building p preseees ahead of any substantial appli- 
cation of these materials to ships’ structures. 
British Shipbuilding Research Association, in conjunc- 
tion with the Aluminium Development Association, 
have a fully comprehensive programme of work already 
under investigation. It is an objective of both these 
associations to make known to the shipbuilding indus- 
try the results of their investigations at an earl; date, 
and in the present paper some of the workin“ d is 
briefly described. 

Aluminium alloy is about three or four times more 
expensive than steel on the basis of weight for equal 
. Until this pay reduced, its use in 
shipbuilding must be regarded as complementary to 
al rather than as a substitute for it. It is the 
problems arising out of the combination of the two 
materials which have provided subjects for the British 
Shipbuilding Associstion’s investigations. 
For this work the Light Alloy Panel of that Associ- 
ation, following an examination of existing informa- 
tion on the properties of light alloys and their 
as presranme sie vasa potinding io 

a e for . 
are as follows. 

Item (1) relates to the most suitable shapes of 
aluminium-alloy sections for use in shipbuilding ; 
bearing in mind: (a) the proportions of web and flange 
most appropriate to the special properties of alu- 
minium alloys; (6) the considerable scope for new 





* Contribution from the chairman, Light Alloys Panel 
of the British Shipbuilding Research Association, entitled 
*“* Shipbuilding Research in Aluminium Alloys,” read 
at a symposium on “ Aluminium Alloys for Marine Use,”’ 
organised by the Aluminium Development Association 





and held in London on Tuesday, April 5,1949. Abridged. 
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shapes afforded by the extrusion process; and (c) the 

stiffness required for handling sections in a shipyard. 

Item 2 concerns the effects of shock and impact 

- loading on the strength of aluminium alloys, and notch 
itivi 


mart covers the strength and watertightness of 
riveted joints in aluminium alloys with a view to 
obtaining reliable design data, particularly for the larger 
rivets likely to be used in shipbuilding, namely, dia- 
meters # in. to 1} in., bearing in mind : (a) the optimum 
clearance in cold-driven rivets to ensure adequate 
filling of the rivet holes ; (5) the most satisfactory form 
of rivet heads and points, shank taper, etc. ; (c) the 
average shear and bearing strength of rivets for single and 
multiple rows ; (d) the most appropriate rivet diameters 
in relation to plate thickness ; (e) optimum rivet spacing, 
edge distance and methods of caulking for watertight 
riveted joints, including the preparation of edges for 
caulking ; (f) the effect on strength of punched holes, 
with and without reaming, and comparison with 
drilled holes; (g) the effect on strength of different 
methods ae ing rivets, panes gee pneumatic 
and hb ic; (h) the practicability of using hot- 
Sniven alld steel rivets in conjunction with aluminium- 
alloy plates; and (j) the strain behaviour, rivet slip, 
etc., of riveted of plating (this may be important 
in view of the relatively small E value of aluminium). 

Item 4 relates to the effect on the mechanical 

perties of cold work by the usual shipyard processes : 
hanging, shaping, forming, etc., while item 5 concerns 
temperature effects on stress due to the differential 
expansion of aluminium and steel in composite struc- 
tures. Much of the basic research in many of these 
items has already been initiated by the Aluminium 
Development Association ; and the use of the results 
of their work in the present investigations has allowed 
the gap in the way of practical achievement to be 
substantially reduced. 

The precipitate and unintelligent use of light all 
alone or in combination with steel will, it is hoped, 
avoided in shipbuilding through the present investi- 
gations. New materials invariably are manufactured 
in new ways, and if designers and users can state 
precisely their requirements, the “shaping” of sections in 
the new material in the early stages often can be 
developed to meet their ial needs. Sectional 
profiles are produced in the aluminium industry by the 
extrusion , which ides more freedom in 
choice of shape. If, therefore, the present standard 
shipbuilding sections are considered uneconomical in 
the light-alloy material, new shaped sections ought to 
be desi to take maximum advantage of the physical 
characteristics of the material, as well as from the new 
methods of its manufacture. Item 1 inthe programme 
indicates the line of research in this direction. 

Item 3, covering the strength and watertightness 
of riveted joints, will provide information most urgently 

ired by shipbuilders and the classification societies. 
The tests make provision for the use of aluminium- 
alloy and mild-steel rivets with hand, pneumatic and 
hydraulic methods of driving by ordinary — 
tools. The alloy rivets will be driven cold, while the 
steel rivets will be driven hot. A start has already been 
made on this work and, following the tests to be carried 
out at Bristol University, the British Shipbuilding 
Research Association hope to be in a position to issue 
results shortly. The series of tests on oo opera- 
tions, outlined in item 4, is already well advanced. 
The first results show that aluminium alloy material 
can be worked without difficulty by the ordinary shi 
yard plant. It is also clear from these that some slight 
adjustment in procedure might be n to give 
the best results, and in the report that will follow 
completion of the tests, information will be given on 
the adjustments recommended. 

The welded joint has not been included in the 

e, as it is being dealt with by the British 
elding Research Association. The practical devel 
ment of arc welding for those alloys considered suitable 
for shipbuilding is a matter of considerable importance, 

but it is understood that the work has not yet 

the laboratory stage. Also, an item to in igate 
electrolytic action at the junction of steel and alloy 
materials has been omitted. The Admiralty and others 
have already carried out such tests, which have shown 
that this trouble can be overcome by galvanising the 
steel in way of the joint or by the application of satis- 
factory insulating media, such, for example, as zinc- 
chromate inserted between the surfaces of the two 
materials. 

The evolution of the steel-aluminium ship cannot 

rapidly while the material is regarded in the 
shipbuilding industry only as a substitute in the present 
conditions of shortages. The capacity for the pro- 
duction of aluminium alloy expanded to such an extent 
during the late war that, to-day, it occupies a very 
high among industrial metals. It is important 
therefore, that both the producer of the material and 
the user should join forces in pooling their knowledge 
and concentrating their efforts towards a common 
oal. 


g 





LABOUR NOTES. 


UNEMPLOYMENT in the United States increased to 
3,289,000 at mid-May, the highest total since the end 
of the war and twice the number for May, 1948. 
During last month alone, unemployed in the United 
States increased by 273,000, which was contrary to the 
usual trend at this season. The upward trend was 
due, in part, to the large number of students seeking 
vacational employment for the summer holidays and 
to a decline, by some 279,000, in factory employment. 
Further increases from these causes may be expected 
during the coming weeks. The United States Bureau 
of the Census, when announcing these figures, on 
June 7, stated that unemployment there usually 
declines between April and May. The position, how- 
ever, would not be regarded as unduly serious unless 
the total unemployment rose above the 5,000,000 mark, 
at which stage public works would probably be under- 
taken to relieve the situation. 





A hopeful sign, however, is that, side by side with 
the rise in unemployment s, the number of 

rsons in work o in , in this instance, by 
some 875,000 a the four-weekly period ending on 
May 14, to a total of 58,694,000. The farming industry 
provided additional employment, of a seasonal charac- 
ter, for 1,154,000 persons during the four weeks ending 
in wy The Bureau stated that at mid-May 
some 2,000,000 more workpeople were engaged in 
full-time employment than at mid-April, although the 
total number under this heading were considerably 
fewer than at the corresponding period in 1948. Another 
pe brought out by the Bureau’s report was that, 

uring the week ending on May 14, more than 1,500,000 
employees, in normal full-time employment, were on 
short time owing to shortages of material, lack of 
orders, job turnover, and similar causes. 





Manual employees in the electricity supply industry, 
who are in receipt of the standard scheduled rates, 
have had their pay increased, up to a maximum of 
13d. an hour, as the result of an agreement by the 
National Joint Industrial Council for the Electricity 
Supply Industry. The rates of pay for operatives in 
the industry engaged on shift work have been reduced 
under the agreement, which was negotiated at the 

inning of this month, and payment at overtime 
rates for work on Sundays and Bank Holidays has been 
substituted. 





Prior to nationalisation, there was no uniform 
method of payment for foremen employed by electricity 
undertakings. In some cases, they were engaged on a 
salary basis, which was paid monthly or weekly, 
according to the practice of the particular undertaking. 
Other electricity authorities, however, paid their fore- 
men on an hourly basis. After the establishment of the 
British Electricity Authority a policy of uniformity 
was introduced. The B.E.A. decided upon payment 
of the foremen at an hourly rate, and this has not met 
with the approval of the Association of Supervisory 
Staffs, Executives and Technicians. The Association 
state that a large number of foremen employed at 
electricity-generating stations have been members of 
that trade union for many years. They maintain tha’ 
this method of payment is not that of progressive 
employers, and that it does not uphold the status and 
conditions of the foremen. 





In January, Association officials represented to the 
British Electricity Authority that it is bad i 
practice to employ key men of the status of foremen 
on an hourly basis and that the Association should be 

ised, by the B.E.A., as the negotiating trade 
union for foremen in the industry. The Association 
state that, “ in spite of six months of continuous repre- 
sentations ’ by them, the B.E.A. has failed to grant 
them the recognition for which they have asked. As 
a result of this delay, foremen employed at Barking 
Power Station deci that the B.E.A. should be 
informed that a state of di exists between the 
Association and the B.E.A. Association accord- 
ingly gave notice of this dispute on June 10. 





Many aspects of the foundry industry were dealt 
with by Mr. J. Gardner, general secretary of the 
Amalgamated Union of Foundry Workers, in his report 
to the fourth annual delegate meeting of the Union, 
which began at Llandudno on Monday last and con- 
cludes to-day. Stating that 1948 had been a year of 
full employment and increasing membership of the 
Union, Gardner records that the total number of 
persons employed in ironfoundries increased from 
138,168 on January 3, 1948, to 143,205 on January 1, 
1949, and, in steel ;oundries, from 18,880 on January 3, 
1948, to 19,560, on January 1, 1949, giving a total 
increase in employment of 5,717 during the 12 months 
for ironfoundries and steel foundries combined. 


Mr. Gardner reports that a total of 3,283,901 tons of 
iron castings were produced during 1948, which consti- 
tuted a record. In the steel foundries, production for 
the increased to 236,580 tons of steel castings, 
which, although not a record, was an improvement on 
production in 1947, by 28,272 tons. That achievement 
was the more remarkable, Mr. Gardner continues, when 
stated in terms of productivity, as is shown by the 
figures for the average production per man per year. 
During the years 1943 to 1946, inclusive, each man 
produced, on an average, 21-44 tons of iron castings 
yearly. During 1947, production increased to 21-56 
tons per map and, during 1948, it increased still further 
to an average production of 23-21 tons per man. 
Mr. Gardner wi it to be remembered that, during 
the four years 1943 to 1946, a 47-hour week was in 

tion, whereas a 44-hour week was worked during 
1947 and 1948. Production, on the basis of the shorter 
| working week, Mr. Gardner says, was thus more than 
| maintained, a matter which was given some emphasis 
|in the union’s claim, on February 3 last, for a wage 
| increase in the industry. During the first three months 
|of 1949, 880,875 tons of iron castings were produced 
by a labour force of 142,367, which was equivalent to 
an average production per man per year of 24-70 tons 
and to an annual rate of production of 3,500,000 tons. 








Production of steel castings during the five years 


from 1944 to 1948 fluctuated. During 1944, 355,300 
tons were produced by an average labour force of 
26,541, giving an average of 13-38 tons employee 
for the year. By 1946, production declined to 


198,000 tons and the average number of wor! 
to 18,780, giving an ave for the year only 
10-54 tons per emplo “i 1948, uction 
increased to a total of 236,580 tons and the average 
labour force to 18,910, making an average of 12-45 
tons a head for the year. Mr. Gardner comments on 
these figures that it is difficult to estimate how much 
of the increased production in 1948 was due to the 
country’s military budget or how much to the adapta- 
tion of mass-production technique to peace-time needs. 
He adds that the change from steel to iron castings is 
now halted and that the tendency is, perhaps, the other 
way, with the result that employment in steel foundries 
is again increasing. 
With the return to work of the 2,000 Avonmouth 
and Bristol dockers last Wednesday, another unha: 
stoppage in the dock-transport industry has ended. 
This unofficial strike arose out of a dispute in Canada 
between two rival trade unions, the Canadian Seamen’s 
Union and the Seafarers’ International Union. The crew 
of a Canadian ship, the Gulfside, ceased work on instruc- 
tions from their union, the C.S.U., on April 1. The 
owners obtained an injunction in the Canadian High 
Court, and, on April 30, a crew belonging to the rival 
Union arrived at the docks, but, on the following day, 
tugmen refused to allow the Gulfside to sail. 








On May 14, 50 dockers at Avonmouth commenced 
the unloading of the Canadian vessel Montreal City, 
which was manned by members of the Seafarers’ Inter- 
national Union, but later in the day refused to continue. 
Employees at Avonmouth Docks came out on strike on 
May 16, but resumed work on the following day. On 
May 18, the stop began again when the discharging 
of the Mon City was continued. The Port of 
Bristol Employers’ Association thereupon issued an 
ultimatum stating that, until the unloading of the vessel 
was completed, they would make no further requisitions 
for labour. This was regarded by the men, but not by 
their Union, as a lock-out. A ballot was taken on 
May 19, which, by a small majority, confirmed the strike 
action, and, on the following Sunday, the stoppage 
spread to Bristol. On Friday, May 27, on Government 
instructions, troops commenced the unloading of ships 
at Avonmouth. 

The strike spread to Merseyside, but, after a sto 
lasting 16 days, work was resumed fully last Monday. 
The 8,500 men involved at Liverpool had been losing 
wages at the rate of 50,000]. a week. At Bristol and 
Avonmouth, where the strike lasted 27 days, it is esti- 
mated that the men have lost some 75,0001. in wages. 
Large numbers of the dockers, and their families, have 
suffered great financial hardship and in many 
cases, have had to seek relief from the National Assist- 
ance Board. The Port of Bristol authorities have lost 
some 50,0001. through ships being sent elsewhere, and 
transport undertakings another 20,0001. Shipowners 
losses may reach between 250,0001. and 300,0001. In 
the meanwhile, the Gulfside had sailed from its Canadian 
port on May 31, having been handled by volunteer 
tugmen. Especially noteworthy were the comments 
of some of the strikers after hearing the broadcast on 
Saturday by Mr. George Isaacs, the Minister of Labour. 
These were to the effect that, if the facts then disclosed, 
had been known to the men earlier, strike action would 
not have been taken. 
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A TRAMROADS AND BRANCHES INDICATED IN Fig. 5. 
1. Wingerworth. Pinzton Canal Railways. 
2. Ankerbold and Lings. 24. Riddings. 
25. Somercotes. 
Chesterfield Canal Railways. 26. Pinxton (Upper and Lower). 
3. Killamarsh. ; 27. Nether Birchwood. 
4. Spinkhill. Nutbrook Canal Railways. 
5. Norbrigs. 28. Shipley. 
6. Inkersall. 29. West Hallam. 
7. Glasshouse Common. 30. Ferneyford. 
31. Dale Abbey. 
Erewash Canal Railways. Derby Canal Railways. 
8. Shipley. 32. Smithy Houses. 
9. Newthorpe Common. 33. Denby Hall. 
10. Cotmanhay Wood. 34. Salterwood. 
35. Morley Park. 
Cromford Canal Railways. 36. Henmoor. 
11. Beggariee. Peak Forest Canal Railway. 
12. New Brinsley. 37. Bugsworth. 
13. Bentyfield. . 
14. Codnor. Ashby-de-la-Zouch Canal Railways. 


15. Codnor Nether Park. 
16. Codnor Upper Park. 
'7 Greenhill Lane. 
‘ ‘> ey Carr. 
iv. ureenwich. 
20. Pentrich. 
21. Hartshay. 
22. Morley Park. 
23. Crich. 


“100 YEARS OF GWYNNE Pumps.”—John Gwynne, 
whose master patent for centrifugal pumps was dated 
1851, founded his engineering works two years earlier, in 
Essex-street, Strand, London ; and, in 1868, two of his 
three sons, John and Henry, started a separate pump- 
making works in Hammersmith. The two businesses 
were amalgamated in 1904 and concentrated at Hammer- 
smith, whence the manufacture was transferred to Lin- 
coln in 1927. To mark the centenary, the history of the 
combined firm, now Gwynnes Pumps, Limited, has been 








38. 
39. 
40. 


44. 


42. 


43. 


44. 


45. 


recorded in a commemorative booklet, illustrated with a 
number of reproductions of early woodcuts, and of 
photographs of more recent contracts, including the 
pumps for the Captain Cook graving dock at Sydney, 
New South Wales, completed during the second world 
It may be of interest to add that a pumping 
plant constructed by Messrs. Gwynne & Oo. for 
Denmark, for the reclamation of Stadil Fjord, in 
Jutland, was described and illustrated in the first issue 


war. 


Ticknall (part of). 
Dimsdale. 
Swadlincote. 
Mansfield and Pinxton. 
Portland Branch. 
Belper and Morley Park. 
Cromford and High Peak. 
Trent and Mersey Canal Railway. 
Aston Moor. 
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EARLY RAILWAYS IN DERBYSHIRE.* 


By B. Baxrzn. 
DeRsysxize is a county rich in mineral wealth. It 
is almost entirely surrounded by the coalfields of 
Staffordshi : : : i 


Yorkshire, and coalfields of its own in the 
northern part of the county. In the Peak district is 
limestone, and, in former days, lead mines were 
worked extensively. In these circumstances, the 
question of transport was a problem to which canals 
provided a welcome solution. They provided a 
stimulus to the construction of a number of early 
railways, or tramroads, some of which (and traces 
of many others) still survive. Photographs of some 
are reproduced in Figs. 1 to 4, on page 564, and 
Figs. 6 to 9, on pages 574 and 575; and the accom- 
panying map, Fig. 5, shows =) location of all — 
refe’ to in thi . c aggregate lengt 

is between 99 and 100 miles. The earliest canal 
systems to into the county were the Chester- 
field Canal and the Erewash Canal, authorised in 1771 
and 1777, ively. The former, begun in 1772, 
four years later, left the River Trent 


title from the river of that name, which it followed 
in a closely parallel course up the extreme eastern 
ny acho county from the River Trent, near Sawley, 
to : 


Railways were laid in connection with both these 
canals, but it is difficult to decide which was the first 
railway to be constructed. John Farey states} “ some 
fiow of the castor sallwage laid in, or mean, the county 
were of wood” and mentions one above Newmanleys 
Mill on the Erewash Canal, which, he says, was disused 
and removed in 1796. The Chesterfield Act made no 
provision for the construction of railways, but Farey 
states that “‘Common Roads could be made to the 
canal not exceeding one mile long with the consent 
of the Commissioners ; but they must be public roads 
and no tolls taken thereon.” In 1788, —— 
railway was constructed at Wingerworth, near - 
field, which has often been quoted as the first railway 
in Derbyshire, but it would probably be more correct 
to say that it was the first iron railway, and that the 
wooden railway at Newmanleys Mill was older; parti- 
cularly as this is known to have been dismantled only 
eight years after the construction of the Wingerworth 
railway and it seems safe to assume that it had a 
eer se sicacoail 

i ilway, according to Farey, was the 
earliest example of the use of flanged rails above 
— He says: “In the use of woodenways the 

e [ ] was on the wheel but now the flanches 
of Iron Railways are almost universally cast on the 
bars [rails] and the wheels being plain by which th 
are fitted for being occasionally drawn off the 
on to common roads.” The Wingerworth Railway 
ran from Butler’s Wingerworth iron furnaces to the 
Woodth: End ironstone pits and, by its use, it 
was fo that “‘ two asses were able to do the work 
that had previously occupied four horses constantly 
with carts besides an extra three horse cart hired one 
day weekly to assist them.” Q 

About this time, Butler constructed another similar 
a ay the Ankerbold and Lings Railway, about 1} 
miles long, to bring down the coke from his Lings 
Colliery to his Wingerworth furnace and also to 


the. Lings Pits with the nearest turnpike 
road, and the bodies of the trams used on it were large 
boxes—an early example of the transporter “— 
made to hold a ton of coke. They were li off the 
trams by the roadside crane at Ankerbold for convey- 
ance thence by carts to Wingerworth furnaces or to the 
Chesterfield Canal wharf and thence down the canal 
to Killamarsh. These two railways, although belonging 
to one owner, had no physical connection with each 
other or with the canal. 

The “bars” of the Ankerbold Railway, and pre- 
sumably of the Wingerworth Railway also, were 4 ft. 
long, weighing 32 lb., and were laid at 20-in. gauge, 
“nailed down to wooden bearers across the road.” 
The reference to wooden sleepers at this early date 
is interesting as it provides a link in the transition 
stage from wooden railways to iron plate rails with 
stone blocks. The rapid decay of timber when laid 
in the ground was one of the chief objections to the 
wooden railway, and led to the development of iron 
plate rails held on stone sleeper blocks embedded in 
the ground, but these railways constructed by Butler 





* Paper read at a meeting of the Newcomen Society, 
held in London on February 9, 1949. Abridged. 
t A View of the Agriculture of the County of Derbyshire, 
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provide an example of iron rails set to gauge on the 
old wooden sleeper or tie-bar. The Wingerworth Rail- 
way, which was about a mile in length, was laid along 
the top of old bell-workings not thoroughly settled at 
the time the rails were put down, yet it is said to have 
answered perfectly in its purpose. On an old map 
the area covered by the site is described as the “‘ Near 
Tronstone Rake ” and the “ Far Ironstone Rake.” In 
later trees have grown on the site in great 
abundance and will now be found on the modern 
editions of the Ordnance maps, described as “‘ Near 
ae voy Wood ” and “ Far Tupton Wood,” respectively. 
t is still possible to traverse most of the route, with 
deep hollows or - all round marking the sites of the 
now collapsed bell-workings. There are no traces now 
to-be seen of the furnaces at the Wingerworth end. 
The exact date when these workings were abandoned 
is not known, but a decisive blow to their existence 
was the disco , when the Midland Railway was 
constructing its line from Leicester to Hitchin, of 

richly superior ironstone beds in the Wellingboro 
district. This would be about 1858. Of the Ankerbold 
and Lings Railway no traces appear to-day. In 1840, 
the North re weae Railway was constructed ae this 
very ly to the + where, bably, the 

Pid roadside crane had Padi. a stood. id th 

Although no provision for railways was made in the 
Chesterfield Canal Act, some tramroad branches were 


subsequently made by private owners.* Those which | roads, 


are recorded are the Spinkhill Railway, from near 
Renishaw furnaces to Spinkhill Common; the Nor- 
briggs Railway, from a branch of the canal to collieries 
at Norbriggs; the Inkersall Railways—two branches 
from near Staveley to collieries south of the town; 
and the Glasshouse Common Railway, to Glasshouse 
Common colliery and the glassworks. Of the above, 
the Glasshouse Common Railway was the longest, 
nearly two miles. All of them were, in effect, inclines, 
since the canal at this part of the country was laid 
along the bottom of the valley and more or less follow- 
ing the course of the River Rother. Priestley’s map, of 
1831, shows a railway from the Chesterfiel Canal at 
the western end of the long Norwood tunnel on the 
Yorkshire border, and extending for about a mile 
towards Killamarsh, but there is now little or no 
trace of this line or of its objective. The Spinkhill 
and Inkersall. Railways have disappeared, but traces 
of Norbriggs branch can still be seen near Norbriggs 
Farm, and much can still be noted of the Glasshouse 
Common Railway. It is, for instance, still possible to 
see where it curved away northwards from the canal 
near Whittington station. This old railway passed 
through the village of New Whittington and on the 
north side of the town, as it has now become, emerges 
near Glasshouse-lane and can be followed for the 
remainder of its course to the site of the old pits on 
the Common. The Chesterfield Canal and its works 
were, in 1846, leased in uity to the Manchester, 
Sheffield and Lincolnshire Railway, and so 

successively into the possession of the Great Central 
Railway, the London and North Eastern Railway, 





* The Story of British Railways Down to the Year 1830, 
by C. F. Dendy Marshall. 








Fig. 7. 


and the British Railway Executive. From the Erewash 
Canal, in addition to the wooden railway at Newman- 
leys Mill, which extended for 14 miles to Shipley 
Colliery, there were two other railways to collieries at 
Newthorpe Common and at Cotmanhay Wood, but all 
traces of these have vanished. 

The Trent and Mersey Canal began near Shardlow, 
at the junction of the Rivers Derwent and Trent, and 
took a westerly course across the southern part of the 
county. At rather less than a mile from its commence- 
ment, a railway, about a mile in length, was constructed 
in a north-westerly direction across Aston Moor to 
some gypsum pits to the north of the village of 
Aston-on-Trent. This railway is shown on Greenwood’s 
map of 1824 and can still be traced for most of its route. 

In 1789, the Cromford Canal Act was passed, the 
effect of which was to extend the Erewash Canal to 
Cromford. The shape of the Cromford Canal, which 
commenced from the terminus of the Erewash Canal 
at Langley Bridge, was like an inverted letter L, the 
first part of the canal continuing up the extreme 
eastern edge of the county as far as Ironville, where it 
turned almost at a right-angle in a westerly direction. 
From Ironville, a branch of the canal continued in 
the northerly direction as far as Pinxton. Under the 
Act, power was given to make railways and no limit 
of distance was fixed. Full use was made of this 
provision, and, in the 16 miles of this canal 13 tram- 
, varying in length from } mile to 1} miles, 
branched off to various coal pits. There were also five 
railways in connection with the Pinxton branch canal. 
These tramroad branches were to the Beggarlee, New 
Brinsley, Bentyfield, Codnor Nether Park (two), 
Codnor Upper Park, Greenhill Lane, Butterley Car, 
Greenwich, Pentrich, Hartshay and Morley Park 
collieries and to Crich limestone quarries; and those 
of the Pinxton Canal to Riddings eee | and ironstone 
pits, Somercotes and Nether Birchw collieries, and 
to the Pinxton Upper and Lower collieries. Traces of 
most of these can still be seen in places. The most 
interesting of them was the tramroad to the Crich 
quarries, which connected them with the canal at 
Bull Bridge, north of Ambergate and close to the 
famous aqueduct which carried the canal across the val- 
ley of the River Amber. The Crich tramroad, 1} miles 
long, passed through a short tunnel under the village 
of Fritchley (Fig. 6). It is of particular interest that 
William Brunton’s patent steam propeller, constructed 
by him at Butterley Ironworks, was tried here in 
November, 1813. Stretton* described Brunton’s patent 
as a mode of accomplishing the locomotion of an engine 
without the aid of the adhesion of the wheels; it was, 
in fact, a “ steam horse,” having a pair of hind legs 
actuated by steam cylinders which led the engine 
along. Brunton’s engine was the subject of a paper 
read before the Newcomen Societyf in 1922, and its 
subsequent history has been dealt with by Dendy 
Marshall.t 





* Development of the Locomotive, 1803-1896, by C. E. 
Stretton. 

t Trans. Newcomen Soc., vol. II, page 118 (1921-22). 

t The First Hundred Railway Engines, by C. F. Dendy 
Marshall. 
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The Crich tramroad terminated at Bull Bridge 
Wharf, where there were six wagon tipplers on a high 
bank for shooting stone into barges. Four of them 
discharged to the wharf below, and two of them down 
shoots into the boats, which were made entirely of 
wrought-iron plates “for sustaining this very violent 
mode of loading.” The trams used also had plate iron 
bottoms and sides, and held from 34 cwt. to 35 cwt. 
each. The wheels were of cast iron with round holes 
in them instead of open spokes. The advantage of this 
type of wheel was that wooden “ sprags”’ could be 
inserted through the holes to hold the wagons on 
inclines. The routes of the old Crich tramroad can 
still be easily traced for its full distance. The quarries 
are still in work, but a more modern light railway was 
laid in on a more westerly course but parallel to the 
old tramroad, which, proceeding slightly farther south, 
crosses the Cromford by a girder bridge and now 
connects with the former Midland Railway. The Crom- 
ford Canal was purchased in 1870 by the Midland 
Railway Company for 93,5001. 

In 1793, the Nutbrook Canal was authorised. This 
was a short canal, 44 miles long, branching out of the 
Erewash Canal at Stanton-by-Dale and proceeding to 
Shipley collieries. It is often referred to as the Shipley 
Canal. Its completion no doubt influenced the closing 
down of the old wooden railway from the colliery to 
the Erewash Canal at Newmanleys Mill, as coal from 
Shipley could then be waterborne all the way. There 
were three tramroad branches out of the Nutbrook 
Canal at various points, all having a westerly route 
and more or less parallel; these were to the Dale 
Abbey ironworks, to Ferneyford, and to West Hallam 
pits. Remains are traceable of the latter tramroad 
south of Mapperley in the neighbourhood of West 
Hallam Common, but nothing remains to show the 
site of the other two except the short canal branch 
just below the town of Ilkeston, apparently the 
Ferneyford branch. 

The same year (1793) saw the commencement of a 
much more ambitious scheme—the Derby Canal, from 
the River Trent at Swarkestone Bridge in the southern 
half of the county, and passing northwards through 
Derby as far as Little Eaton, 3} miles north of the 
town ; there was also a branch in an easterly direction 
at Derby, to join the Erewash Canal at Sandiacre. 
The continuation of the canal northwards from Little 
Eaton by a railway 4} miles long to Smithy Houses, 
together with branches from it, was specifically 
authorised under the Canal Act. The Smithy Houses 
railway, or “‘ Little Eaton Gangway ” as it came to be 
known, proceeded more or less alongside the main 
Ripley turnpike road, although, for about 1} miles 
after leaving Little Eaton the tramroad pursued an 
individual course. This section, although marked on 
fairly recent editions of the Ordnance maps as “ old 
tramroad,” has now completely disappeared, having 
been used for the construction of a by- road. 
From Coxbench, and through Horsley oak Kilbourn 
as far as Smithy Houses, the wide flat grassgrown 
shelf alongside the easterly side of the main road, 
which formerly accommodated the track, still exists. 
From Smithy Houses, there were branches to Henmoor 
(14 miles east of Belper) and to Denby Hall collieries, 
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with a sub-branch out of the latter to Salterswood 
collieries ; traces of these can still be found. There 
is also some evidence that the Salterswood branch was 
continued west towards the old Morley Park iron- 
works, when these were constructed about 1775. The 
first rails for the Little Eaton Gangway were made at 
Butler’s Ironworks at Wi orth, orders for them 
being placed in December, 1793, and in 1794. All 
subsequent deliveries came from the Butterley Works. 
The last wagon-loads of coal on this railway were 
carried down to the canal in July, 1908. 

From Coxbench, another branch was authorised in 
an easterly direction to Smalley Mill and also “ any 
other up to 2,000 yards distance from the canal or 
from the said railways hereby authorised to be made.” 
It was also expressly stipulated in the Act that “ in 
connection with a new pit being made at Bindey, © a 
railway not exceeding one mile is authorised to be 
made, if required by the Earl of Chesterfield and 
branching out of either Smithy Houses or Smalley Mill 
railways.” There is no definite evidence that these 
latter branches were ever constructed. The plan of 
the Derby Canal, preserved at the County Offices in 
Derby, reveals a narrow valley running eastwards 
from Coxbench, which provides geographically the only 
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location in the land contours of this district where 
such a branch could have been made. 

In 1794, communications in the north-western 
corner of the county were considerably improved 
with the inauguration of the Peak Forest Canal, from 
the Manchester, Ashton and Oldham Canal e* Ashton, 
in Lancashire, and, passing through part of Cheshire, 
into Derbyshire, east of Disley. It terminated at 
Bugsworth (now renamed Buxworth), near Chinley, 
and a tramroad was authorised to continue the line 
up to Peak Forest, where there were extensive lime- 
stone quarries. A short branch of the canal terminated 
at Whaley Bridge. It was originally the intention to 
continue the canal to Chapel-en-le-Frith and the tram- 
road thence to Peak Forest. As this would have 
involved the construction of locks, it was decided to 
terminate the canal at Bugsworth. The Peak Forest 
Tramroad, or Bugsworth Tramroad as it is more 
generally known, was 7 miles long and was one of the 
most important. It is illustrated in Figs. 1 to 3, 
on page 564, and in Fig. 7, opposite, and was 
the last horse-drawn tramroad to remain at work in 
the county, for it was still in daily use in 1914. It 
was carefully graded, rising } in. per yard eng 
its length, = an inclined 600 yards long, rising 





200 ft. There was also a tunnel, some 100 yards in 
length, at Chapel Milton. The line was engineered by 
Benjamin Outram and was opened on May 1, 1800. 
It was relaid with double track in 1803, with the 
exception of the tunnel at Chapel Milton, and through 
a bridge at the foot of the incline. When, in 1927, 
and after lying derelict for some 12 years, the track 
was sold for scrap, much of it was purchased by Messrs. 
Edgar Allen and Company, of Sheffield, whose officials 
have placed on record much valuable information on 
its constructional details.* 

The original Outram cast-iron plate rails were 3 ft. 
long, laid on stone sleeper blocks 3 ft. apart so that 
each sleeper carried a rail joint. They were L shape, 
with a flange 2} in. high, and weighed 56 lb. Ata 
later date, probably about 1880, these rails were 
replaced by steel rails 9 ft. long, but of similar section, 
so that, as relaid, only every third sleeper-block 
carried a rail joint. The new rails were probably 
rolled by the Manchester, Sheffield and Lincolnshire 
Railway Company at their Gorton works, as that 
company took over the tramroad in 1883, it having 
been previously leased to them. Two methods appear 
to have been used to secure the original Outram rails 
to the stone sleeper-blocks. In one, the rail was laid 
on a cast-iron saddle and «= countersunk spike was 
driven through both rail and saddle into a wooden peg 
set into a centre hole. In the other method, two holes 
were drilled in the blocks and wider saddles were used, 
having projections on either side of the rail. Only 
the saddle was spiked down to the block, the rail 
being laid into the recess of the saddle and wedged 
into position with keys. With the later steel rails, the 
single-spike method appears to have been adopted, but, in 
addition, the rails were clamped together with fishplates 
placed on the outside of the flange. These fishplates 
were secured to the rail by countersunk-headed bolts. 

The self-acting incline at Chapel-en-le-Frith was 
laid on a gradient of about 1 in 8, with double track. 
The wagons were hitched on to a wire rope attached 
to a large revolving drum, laid below the surface and 
between the tracks at the top of the incline, and 
controlled by suitable braking gear. Eight full wagons 
going down could pull up one full truck or several 
empties. The wagons had detachable plate-iron 
bodies with one end open. At the open end, the load 
was secured by a removable gate. On arrival on the 
canal wharf at Bugsworth, the wagon was run under- 
neath the wagon tippler. The gate having been 
removed, the wagon body was attached at its closed 
end to the tippler by chains and was tilted upwards 
until the load of stone was shot out into the canal 
barges below. The wagons were pushed out on to a 
jetty overhanging the canal and the wagon tippler 
was also on a broad-gauge track, standing astride the 
wagon track, and could be moved along the jetty to 
enable it to deal with a string of wagons or to load 
barges in line below. A complete wagon frame and 
body, together with some stone sleeper-blocks and 
rails from the Bugsworth Tramroad, can be seen in 
the Railway Museum at York. 

In 1794, also, the Ashby-de-la-Zouch Canal was 

opened. This canal also terminated in a tramroad 
from Ashby to Ticknall lime works. Practically the 
whole of this undertaking lies within the adjacent 
county of Leicestershire, but the Ticknall Tramroad 
entered the south-west corner of Derbyshire and the 
last 2} miles of it are within the county. Close to the 
lime works, the line crossed over the Melbourne Road. 
by a handsome brick arched bridge of notable propor- 
tions. The Ashby Canal and its associated tramroads 
was acquired by the Midland Railway in 1846. Much 
of the tramroad from Ashby to Worthington was 
converted into a railway in 1873, but the Ticknall line 
was never converted. The plate rails were left in 
position and for many years the Midland Railway 
annually worked a wagon over the route, drawn by 
a horse, to preserve their right of way to Ticknall. 
A branch tramroad from the Ticknall line, running 
eastward to Dimsdale quarries, near Calke, was con- 
structed by Sir Henry Harpur about 1800 for the 
purpose of developing some lead, lime and silver mine 
workings which had been found in Calke Park. The 
rails on this branch were removed in March, 1891. 
Another railway extended from the end of the Ashby- 
de-la-Zouch Canal for some three miles in a northerly 
direction over Swadlingcote Hill. 
After an interval of several years, an Act of Parlia- 
ment was promoted which received the Royal Assent 
on May 21, 1816, for making two railways from Peak 
Forest to Beard (1? miles) and from Peak Forest to 
Woodlands (7} miles). These were virtually extensions 
of the Bugsworth Tramroad and were surveyed by 
James Meadows and Josias Fairbanks, respectively. 
These works, however, were never proceeded with, and 
the time limit allowed by Parliament for their con- 
struction nemquaty expired. 


“An Ancient Stone Tonesead from Dow Holes to 
esas ” by Fred Bland and David Carr. Edgar 
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In 1817, the Mansfield and Pinxton Act was sanc- 
tioned for a double line of railway from the Pinxton 
Canal at Pinxton Wharf to Mansfield, a distance of 
8 miles 2 furlongs 4 chains, at a cost of 32,8001. The 
Midland Railway obtained an Act of Parliament in 
July, 1847, to purchase the whole of this plateway 
for the sum of 21,066/. 13s. 4d. They converted it 
into a railway and followed its route so faithfully that no 
traces whatever now remain of the old Mansfield and 


Pinxton tramroad. About 1} miles from the Pinxton | is 


end, there was a branch line three or four miles 
long which, ing south-westerly over Selston Hill, 
joined the Cromford Canal at P d Wharf opposite 
Codnor Park ironworks, below the junction of the 
Pinxton Canal at Ironville. The effect of this was to 
avoid the necessity of going down the Pinxton Canal 
and through the chain of locks at Ironville. As the 
route over Selston Hill involved climbing uphill with 
loaded ms and down the other side, it seems 
doubtful whether any advantage was gained thereby. 
The rails used on the Mansfield and Pinxton Railway 
were of unusual design and embodied a feature which, 
so far as is known, is not found elsewhere. were 
fish-bellied edge rails, cast in 3-ft. lengths, and had a 


chair at one end of each length, cast in one piece | i 


with the rail. A ledge or projection was provided on 
the chair, upon which rested the chairless end of the 
next rail. A complete specimen of these rails was 
found recently near Pinxton Wharf and has been 
preserved. 

In 1818, the Morley Park ironworks were opened. 
These works were situated north of Belper and a little 
to the south of the Morley Park collieries, which were 
already in communication with the Cromford Canal ; 
and, as stated above, a railway connection was made 
with the Little Eaton railway and the Derby Canal 
via Salterswood. To supply Belper with coal fi the 
Morley Park collieries, the Belper and Morley Park 
Railway was laid in the valley. Little or nothi 
appears to be known about this railway and the | 
authorities at Belper have no records of it, but it 
definitely existed and traces of it can be found at the 
northern end of the route. 

It was natural that projects for joining up the east 
and west of the county should arise, but between 
these objectives lay a barrier of rock and limestone, 
the Peak. Schemes for the construction of a railway 
through this difficult country were under consideration 
from time to time, and in May, 1814, Robert Wilson, 
a stone merchant, proposed a railway from the head 
of the Cromford Canal through Cromford, up Bonsall 
and Griffe Dales, following the turnpike road to 
Newhaven, through the Duke of Devonshire’s estates 
to Thirkelow Gate limestone quarries ; thence between 
the Rivers Wye and Dove, under the Grand Ridge by 
a short tunnel at Thatch Moss, crossing the Congleton 
road on Goyts Moss and across the Macclesfield road, 
down to Goyts Clough quarry in Cheshire. At Goyts 
Moss, the line was to be joined by a line from the 
Caldon Low branch of the Trent and Mersey Canal 
near Leek; also another railway branch from the 
Peak Forest Canal at Whaley Bridge. The total 
estimated distance of this project was 27 to 30 miles. 
The same gentleman had an alternative scheme of a 
railway following a more northerly route, from Crom- 
ford Canal, up Matlock Bath Dale, thence following 
the vales of Derwent and Wye to Bakewell town, by 
Ashford, up the Wye and Sherbrook Dales, i 
near to Buxton, to a summit and through the Grand 
Ridge by a tunnel, and across the Goyt to Goyts Clough. 

Neither of his schemes materialised, and it was not 
until 1825 that the problem was solved by the con- 
struction of the Cromford and High Peak Railway. 
This railway linked up the Cromford Canal with the 
Peak Forest Canal by a circuitous route, abounding in 
sharp curves, approximately 34 miles in length. It 
was a series of inclines, seven in number, linked up 
with stretches of more or less level line. The level 
stretches were worked by horses and the inclines by 
wire-rope ha by means of stationary engines. 
A summit level of 1,271 ft. was reached—a lift of 
990 ft. above the starting point. The cost of the 
undertaking was estimated at 164,000/., and a period 
of seven years for construction was allowed by the 
Act of Parliament. The line was actually finished with 
two years to spare, being opened in 1830. Portions of 
it are shown in Fig. 4, on page 564, and in Figs. 8 and 
9, on page 575. 

Being contemporary with the Stockton and Dar- 
i Railway, on which steam locomotives made 
their appearance, a clause appears in the Cromford and 
High Peak Railway Act relative to steam engines, to 
the effect that they, “ if used,were to be of the type 
which consumed their own smoke.” Another special 
clause, on level crossings, laid down that “ in regard to 
Level Crossings on Turnpike Roads the Ledge, or side, 
of such railways or tramroad for the purpose of guiding 
the wheels of the carriages shall not be above or deviate 
more than three-quarters of an inch from the level of 
such road.” In all probability, it was this clause 
which precluded the use of plate rails on this railway. 





ivouing from the Cromford Canal just east of its 
termina‘ near Cromford, the line ascended the 
hillside by the first of the inclines. Close to this was 
the second incline, known as Sheep Pasture Incline. 
The total of these two inclines was about 
700 yards, with gradients of 1 in 8 and 1 in 9, res 
tively ; they were made into one in 1855. The original 
beam engine which worked here was replaced in 1883. 
After a level stretch of 1} miles, the Middleton Incline 
supplied by two jet-condensing beam engines 
together, supplied by the Butterley Company in 1829. 
This unit is still in daily ing order and has now 
been ing for 120 years. The cylinders are 25 in. 
in diameter and 60 in. stroke. The working ure 
—- and the speed 36 r.p.m. The 

iddleton incline is 1,100 and the 
84. 


In less than a mile from Middleton top, the Ho 
Incline is . It is 470 yards in length, the first 
1 in 14, and most of the remainder at 
Hay, some 10 miles, 

. At Parsley Hay, a 
short tunnel occurs which bears on each end interesting 
iptions. west or Parsley Hay end, is a 
bearing a drawing of a wagon of the chaldron 
type. It can be seen in Fig. 8, on 575, and 
is surrounded by the words “ and — 
Peak Railway Company, Inco: ted 1825.” At the 
top is inscribed “ Jos. Jessop ., Engineer,” and at 
the foot, “Wm. Brittlebank Esq.” Brittlebank and 
Son, of Oddo, near Wirksworth, were clerks to the 
company. Underneath the shield is a motto in Latin, 
but some of this have become indecipherable. 
At the eastern or Cromford end is a stone ing in 
the centre a wagon on what is probably intended to 
represent a rail and surrounded by the name of the 
company with the date, 1825, at the foot, and in the 
four corners of the stone are the initials of the con- 
tractors, “ P. H. & Co.” This tunnel was constructed 
for double track, but has never contained more than 


a single line. 

About two miles beyond Parsley Hay, at Hurdlow, 
was the incline of that name, which, in 484 yards, 
lifted the line 145 ft. to its summit level of 1,271 ft., 
which is maintained for over 12 miles. At Burbage, 
on the western side of Buxton, was a tunnel 638 yards 
long under Burbage Edge. The descent down the 
of the count; 


western sl was by means of three 
inclines within a distance of 4 miles, at Bunsall, Shal- 
cross and Bridge (Fig. 9, e 575). The 
total drop in level was 740 ft. At Bridge, 


the railway connected with the Whaley Bridge branch 
of the Peak Forest Canal. 

The original rails used on the Cromford and High 
Peak Railway were 4 ft. long, weighing 74 lb. each, 
and were 3 in. deep at the and about 6} in. deep 
at the centre. After about 30 years of use as a horse- 
drawn tramroad, the line was adapted in 1855 for 
locomotive working. In 1862, it was leased to the 
London and North Western Railway. In 1894, they 
opened their new line from Buxton to Ashbourne, and 
the Cromford and and High Peak line was abandoned, 
ex for certain sections, as between Parsley Hay 
and ley Bridge. Some parts of the old line were 
as new route between Parsley Hay 
and Hindlow. The eastern section, between Parsley 
Hay and Cromford, has remained in service for goods 
traffic to the present day and is now part of British 
Railways. 





NOTES ON NEW BOOKS. 


Metal Working and Heat-Treatment Manual. Vol- 
ume III. Surface Hardening Processes. By Dr. 
F. Jounson. Paul Elek Publishers Limited, 38, 
Hatton Garden, London, E.C.1. [Price 21s. net.] 

Durine the past thirty years or so, great advances 

have been made in the techniques of carburising and 

in the other surface-hardening processes available to 
the engineers, and modern developments in this field 
are dealt with in the third volume in this series, which 
is intended to cover the entire range of heat-treatment of 
metals. Volumes one and two deal, ively, with 
the working and heat-treatment of carbon steels and of 
alloy steels, cast-iron and the non-ferrous metals. 

The fourth and last volume is to deal with furnaces 

and pyrometry. In the t volume the author, 

who is the head of the ent of Metallurgy at 
the Central Technical College, Birmingham, has covered 
his subject adequately. The book is written primarily 
for the engineer and the student in engineering, but the 
more these readers know of the science of physical 
metallurgy the will be the benefit they 
derive from the information given regarding changes 
in microstructure and aller matters. All the 
various methods of carburising are explained and 
separate chapters are devoted to gas-carburising and 

iding. rather newer processes of nitriding, 
hardening and induction hardening are discussed 





pton | and indexi 


at length and great pains are taken to explain the 
intricacies of the methods employed, many of the 
diagrams given being particularly informative. The 
book concludes with three chapters describing various 
methods of protecting the surfaces of metals during the 
heat-treatment operation. The advantages of the 

described are fairly stated and, in general, 
the used is clear, as would be expected 
from a lecturer of many years’ standing, 





The Milling Machine. By P. 8. Hovonron, 


A.M.I.Mech.E. Crosby Lockwood and _ Son, 
Limited, 39, Thurloe-street, London, S.W.7. [Price 
188, net.] 


A satient feature of this book is the yo 
illustrations of standard and special t of milling 
and kindred machines. Sestees eaneielaie. clamping 
devices, | fixtures, etc., are 
described. formation of chips, and the principles 
of cutter design are dealt with, and the various types 
of cutters are illustrated. Indexing and gear cutting 
are discussed, and a full chapter is devoted to nogative- 
rake milling, and another to the estimating of milling 
times. It may be suggested, however, that a chapter on 
elementary trigonometry is hardly justified in a book 
which addresses students preparing for the examinations 
of the City and Guilds Institute. The book has certain 
weaknesses, particularly in the chapter dealing with the 
milling of helical grooves. Driving and driven 

are confused ; an example is cited with a lead of 14 in., 
but that lead is not to be found in the accompanying 
table ; and an incorrect difference against the nearest 
value in the table is stated in the example having a 
lead of 38-25 in. Still more serious is the fact that 
both the actual and the supposed error involved in 
using the nearest value in the table are much smaller 
than in the gear train using two special gears, advocated 
as a means for reducing the error. It is stated, too, 
in the example of milling a cam with a rise of 2-750 in., 
that the nearest value in the table is 3 in., whereas 
actually 2-750 appears there, as well as 15 other 
values nearer to it than 3-000. 


Die-Casting Machines. Revised edition. The Machinery 
Publishing Company, Limited, 83-117, Euston-road, 
London, N.W.1, and National House, West-street, 
Brighton, Sussex. [Price 3s. 6d.] 

Tuis concise and informative booklet is No. 45 in the 

“Yellow Back” series of manuals by the 

publishers of our contemporary, Machinery; which, 

naturally, it resembles fairly closely in the style of both 
text and illustrations. The first edition went op 
int during the recent war, and the opportunity of a 

Laewth edition was taken to rewrite practically the whole 
of the descriptive matter and, of course, to bring the 
illustrations also up to date. There are three chapters, 
dealing, respectively, with the submerged-plunger (or 
“ goose-neck ”) type of machine, those using direct-air 
injection, and those of the cold-chamber type. While 
necessarily cannot be exhaustive within the 
limits of some 50 pages, tative machines of 
each type are described in sufficient detail to give 
the reader a good grasp of the principles of 
operation, the methods of construction, and the 
approximate scope. Much of the text, obviously, has 
been derived from the catalogues, etc., of the various 
manufacturers; but it has not been merely slavishly 
copied, and the anonymous compiler, or com have 
been successful in condensing a great deal of useful 
information into a small eo The line illustrations 
are particularly clear and effective. 





The Principles of Electrodeposition. By Samux. Fre.p, 
A.R.C.Se. Second edition. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 25s. net.] : 

Tus book is intended more for the student or 

laboratory worker than for those actively 

with the industrial applications of electrodeposition. 

It opens with an introductory — outlining 

some early theories, and then describes, with the 

aid of simple-chemical equations, the general nature 
of quantitative electrolysis; worked-out examples 
from City and Guilds examination papers are included 
to show methods of calculating the electrical energy 
needed for electrodeposition, and the quantities of 
metal deposited in given cases, etc. The significance 
of the gas laws, the electrolytic properties of various 

a and the factors affecting the amount of 

material which can be transferred are also discussed. 

Other chapters include brief descriptions of thermo- 

chemical phenomena, electrode potentials, and the 

measurement of hydrogen-ion concentrations. Although 
the style is a little discursive in places, the book 
should prove useful to those ing an elemen- 








tary knowledge of physics and inorganic chemistry. 
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THE BAILEY SUSPENSION 
BRIDGE. 
By O. Bonpy, A.M.I.C.E., M.LStruct.E. 


Durtna the war, a requirement arose for a long- 
span bridge for military operations, especially in the 
Far East. Jungle conditions, difficult access over 
mountain roads and monsoon flooding of rivers had 
to be taken into account. Originally, aClass 5 bridge 
was required, for 5-ton vehicles, with two footwalks, 
the heaviest structural item not to exceed 144 Ib. in 
weight, to facilitate transport of the bridge material 
by mules. Gradually, the requirements developed 
into Class 9 “‘ unrestricted ” (i.e., 9-ton vehicles not 
closer than 80 ft. from nose to tail), with no foot- 
walks, the bridge stores to be transported by 3-ton 
general-service lorries. In the autumn of 1942, a pre- 
liminary all-steel design was prepared, based on 
common civilian’practice. Bailey bridge equipment, 
however, had by then come into full production, and 
it was clear that its use would offer decisive advan- 
tages as regards supply, transport, training of the 
men and speed of erection. A new design was 
therefore prepared. Under Mr. D. C. (now Sir 
Donald) Bailey, O.B.E., D.Eng., A.M.I.C.E., the 
author prepared the design and was responsible for 
the production, erection and testing of the prototypes 
at the, Experimental Bridging Establishment of the 





as given in B.S. No. 153, Part 3 (1937). The live 
load consisted of wheeled and tracked vehicles up 
to class 40. The pressure due to wind was generally 
to be taken as 30 Ib. per square foot windward, and 
15 lb. per square foot leeward; exposed surfaces 
and actual wind loads on Bailey bridge parts and on 
steel-wire ropes to be in accordance with wind- 
tunnel test results received from the National 
Physical Laboratory. Regarding eccentricity, the 
distribution factors vary with the width of vehicle ; 
calculations assumed the extreme position of vehicles 
close to the riband (a timber strip along the edge of 
the decking). The impact load on the stiffen- 
ing girder, suspenders, etc., was generally taken as 
25 per cent. of the live load for wheeled vehicles, 
and 10 per cent. for tracked vehicles. The longi- 
tudinal forces were according to B.8. No. 153, Part 3 
(1937), for stiffening-girder bearings and tractive 
and braking efforts. Friction in sliding bearings, 
steel on steel, was reckoned as 25 per cent. of the 
vertical load. Expansion and contraction of steel- 
wire ropes due to temperature changes were taken 
as 0-5 in. in a 100-ft. length due to a change in 
temperature of 60 deg. F., the total temperature 
range being 80 deg. F. (44 deg.C.). 
High-tensile steel’and mild steel were used in the 
Bailey suspension bridge. The former was a special 
high-tensile steel, specified largely by analysis. The 
permissible stresses were derived from the results 




















Fie. 1. Fist Bamgy Suspension BrIpce. 


Ministry of Supply, Christchurch, Hampshire. Ac- 
knowledgments are due to the Chief Scientist, 
Ministry of Supply, for permission to publish this 
report, and to the Director of Royal Engineer 
Equipment, Ministry of Supply, for the use of official 
figures in the text. 

The new design was based on the following 
considerations: Bailey bridge components to 
be used where possible, keeping the number of 
specially-designed parts to a minimum; ease 
of transport, restricting the maximum load for 
handling to the weight of a Bailey bridge panel 
(570 Ib.) ; rapid and, if possible, foolproof erection, 
using the minimum of special equipment; and, 
while 400 ft. was to be the maximum span, shorter 
spans down to 200 ft. in 20-ft. stages were to be 
built from the same set of special parts. 

Extensive loading trials on several bridges of 
400-ft. span gave favourable results. The classifi- 
cation was therefore raised to Class 12 unrestricted 
(5 vehicles of 12 tons each on the bridge, 80 ft. from 
nose to tail), or class 18 singly. If the 400-ft. 
bridge is strengthened by chord reinforcements and 
double sway braces in the outer bays, adding about 
18 tons of steel, its capacity is still class 12 unre- 
stricted, but class 40 singly, thus allowing heavily- 
armoured vehicles, including Churchill tanks, to 
cross the bridge. The shorter spans, from 280 ft. 
to 200 ft., can higher unrestricted loads, 
namely, Class 24 vehicles at 80-ft. spacing. 

The dead load consisted of Bailey bridge units as 
given in the military handbooks, and other materials 


of tests on Bailey bridges; the ultimate tensile 
strength was about 35 tons per square inch. The 
yield point was not defined, but a 0-2-per cent. 
proof stress of 23 tons per square inch was specified. 
The mild steel had a yield point of 15 tons per square 
inch, the other properties and permissible stresses 
being in accordance with B.S. No. 153, Part 3. 
The specification for steel-wire ropes is referred to 
later in this article. Concrete was of 1: 2:4 mix, 
with a bearing pressure of 20 tons per square foot ; 
the bearing pressure of reinforced concrete was 30 
tons per square foot. The shear strength of timber 
at right-angles to the grain was taken as 0-63 ton 
per square inch for oak, and 0-44 ton per square 
inch for pine. The permissible stresses for welded 
work were in accordance with B.S. No. 538-1940 
and Ne. 968-1941. Reference to the strength of the 
subsoil occurs later in the article. 

A complete design was prepared on the basis of 
the requirements for a Class 9 bridge, with 70-ft. 
high towers, “double-single ” Bailey bridge stiffen- 
ing girder, and different types of construction for 
each of the four anchorages. Standard Bailey 
bridge material was used wherever possible, includ- 
ing the towers. In addition to the general bridge 
calculations, much design work was done in develop- 
ing the special parts. Workshop drawings were 
prepared, the prototypes were produced at the 
workshops of the Experimental Bridging Establish- 
ment (E.B.E.), nearly all of them by welding, and 
several of these parts were tested to destruction, 





either at the E.B.E. test house or at outside labora- 


tories. Certain materials had to be obtained from 
outside sources, such as the 16 steel wire ropes, each 
about 1,000 ft. in length, which had to be pre-stressed 
under 18 tons tension in an improvised rig. Simul- 
taneously, work on the bridge site proceeded— 
surveying and setting out the tower foundations and 
anchorages, excavating and pile driving, with 
preliminary loading tests on the various types of 
anchorages, each of which had to be safe against a 
pull of 112 tons at 24 deg. to the horizontal. The 
design had been started towards the end of October, 
1942, and on April 3, 1943, after little more than 
five months, the first Bailey suspension bridge was 
completed, ready for loading tests, in spite of air- 
raids, the flooding of the site, and wind gusts up to 
90 m.p.h. during a critical stage of erection. The 
bridge is shown partly erected in Fig. 1, on this page. 

Experience gained with the first bridge made it 
possible to evolve an improved design, with consider- 
ably reduced quantities of material. The towers were 
only 50 ft. high (instead of 70 ft.), completed by 
portal rakers, and the stiffening girder was of single- 
single construction, compared with the double-single 
of the first bridge. Many of the special parts 
were improved, and the erection procedure was 
gradually developed to a high pitch of efficiency. 
This is the type of suspension bridge which went into 
production and was shipped to, and used in, various 
theatres of war, including North Africa, Italy, 
India and Burma. The general arrangement is 
shown in Figs. 2, 3 and 4, on page 578. 

The following notes on design refer to this bridge. 
The symbols used are : 


f = cable sag, ft. 

te sag of catenary, ft. 

Ip sag of parabola, ft. 

cable span, ft. 

length of cable between saddle centre lines, ft. 

number of vibrations per minute of stretched 

cable. 

pull in suspender, tons. 

component of P in direction of cable, tons. 

span of stiffening girder, ft. 

tension in cable, tons. 

vertical component of cable tension at tower top, 

tons. 

w = total vertical load per horizontal unit length of 
span, tons per foot. 

a = theoretical angle to horizontal of parabolic cable 
at tower top, deg. 

a, = actual angle to horizontal of polygonal cable at 
tower top, deg. 

B = cradling angle, deg. 


The length of a parabolic cable carrying a uni- 
formly-distributed load is given by the equation : 
l 
E g dy\*)4 
vaef? f(y] 


d 
By substituting = from the equation of the 


qu*ay gem 


x? 

parabola, y = 4fz , 
2 
i 


ot? 6 + f*a*]t 
umf! [2 +—— | @&. 


An approximate formula, of sufficient accuracy 
for the present purpose, is : 


8 
= P 4 “ee. . . 
L (1 +50 sa) + a) 


where 

f 

r 

With equal cable lengths and constant span, 
fe <fp, a8 shown in Fig. 5, on page 578. With 
equal sag, L,>L,. These relationships are of 
importance when considering the “ idle-cable ” sag 
during erection. 

The span, l, is 420 ft., between the centres of the 
towers; the span s of the stiffening girder, is 
400 ft. ; and the sag, f, is 48 ft. (see Fig. 6, on page 
578), the sag-span ratio being 1: 8-75. The critical 
loading on the main cables is due to the full dead 
load with chord reinforcement, and the live load, 
fully eccentric, together with the effects of impact 
and wind. The dead load for each 10 ft. of the sus- 
pension bridge is taken as 2-74 tons. This allows 
for the weight of the heavier Bailey bridge material 


n= 





which was made in the United States ; it also allows 
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for the additional chord reinforcement, etc., of 
Class 40 bridges, for the weight of cables, suspenders 
and a l-in. timber wearing surface. The dead load 
over the 400-ft. span is therefore 109-6 tons, or 
54-8 tons on each side of the longitudinal centre-line 
of the bridge. The live load, consisting of five 
class-12 vehicles, amounts to 60 tons. The load 
on one side of the centre-line is therefore 30 tons ; 
add 4-5 tons for an eccentricity of 15 per cent., 
3-5 tons for 10-per cent. impact load on the main 
cables, and the total is 38-0 tons. Thus, with the 
dead load, the final total is 92-8 tons. 

Assuming a uniformly-distributed load, V, the 
vertical load on each tower is 92-8 tons. The 
horizontal thrust H = a = 101-6 tons, where 


w = load per unit length. The cable tension, T, is 


2 
/® +(Z) = 111-7 tons. 


Using six cable ropes each side of the longitudinal 
centre-line, the tension in each rope is 18-6 tons. 
The angle, «, between the tangent to the parabola 
at the tower top and the horizontal, is given by 
aa = 0-457. Thus, « = 24 deg. 35 min. 
In practice, the angle «,, between the polygonal 
cable and the horizontal, will be slightly smaller, as 
shown in Fig. 7. 

The cable calculations were based on the assump- 
tion that all the steel-wire ropes in one cable band 
would take an equal share of the total load. This 
requirement presented a little problem which, 
however, was satisfactorily solved by the vibration 
method.* The natural frequency of a straight cable 
length was calculated for various cable tensions 
and checked during erection. The number of 
vibrations per minute is 


ya %t,/2, 
1 p 


1, = straight length of cable, ft. 
T = cable tension, lb. 


tana = 


p = mass of cable per ft. = vo. 
g 
We = weight of cable, lb. per ft. 
g = acceleration due to gravity, 32-2 ft. per sec. 
per sec. 


* Mathematical Methods in Engineering. By T. von 
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For the backstay cables, the number N of the 
fundamental vibrations without nodes was within 
the range of 100 to 150 per minute and could 
easily be counted by stop watch. By turning 
the adjuster screws these vibration frequencies were 
equalised. Final adjustments were also checked by 
theodolite readings for the tower tops, at right- 
angles to the longitudinal centre line of the bridge. 

The steel-wire ropes are of 7/7 construction, all 
steel, with no hemp core, 2$ in. in circumference, 
galvanised, best plough steel of 100 to 110 tons per 
square inch ultimate tensile strength, with a breaking 
load of 31-66 tons. They are pre-stressed at the 
maker’s works to 18 + 0-5 tons, which is roughly 
equivalent to their maximum working load in 
service. Their weight is 1-33 lb. per foot, which 
is equivalent to 1,000 lb. for one length of 750 ft. 
The limit of proportionality (stress : strain) of 
one rope is not less than 20 tons, which provides 
a factor of safety of 1-08. The factor of safety on 
the basis of the breaking load is 1-70. The elonga- 
tion of a pre-stressed rope under a load increasing 
from 0-5 ton to 8-1 tons is 3-12 in. per 100 ft., or 
0-41 in. per ton per 100 ft. 

The expansion or contraction coefficient due tc 
the effect of temperature is 6 x 10-* per deg. F., 
as confirmed by tests: This figure is identical with 
that given for structural steel in B.S. No. 153, Part 3. 
Means of adjusting the length had to be provided 
both for the main cables and for the suspenders. 
A turnbuckle with a total adjustment of 30 in. is 
used. A Trewhella grab, which is a gripping 
device, proved extremely useful for connecting the 
main cables to the anchorage. As a result, white- 
metalled cable-end sockets were not required. The 
grab can be quickly attached at any point of the rope 
without cutting it. It was tested to failure at 
29-0 tons, which is close to the breaking load of 
31-66 tons of the steel-wire rope and amply safe 
against the maximum working pull of 18-6 tons. 
More care was given to the design and testing of 
the towers than to any other part of the bridge. 
It was realised from the beginning that their stability 
and that of the anchorages were vital. Failure of 
an anchorage would probably be a gradual process 
and could be noticed in time, but failure of a tower 
through buckling would result in collapse of the 
bridge. No major problem arises in the design of 
such towers if built as a rigid structure in the usual 
way. For the Bailey suspension-bridge towers, 
however, standard Bailey bridge parts had to be 





Karman and M. A. Biot. McGraw-Hill Publishing 
Company, Limited, London, 1940. 





used. The alignment and rigidity of the structure 
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were thus dependent on the chance combination of 
pin diameters and pin-hole clearances when assem- 
bling the welded units. These conditions were care- 
fully investigated by calculations and a series of tests, 
and the results were incorporated in the design of a 
number of special parts for the tower-leg bracings 
and the portal rakers. Each tower leg, 50 ft. high, 
consists of 10 Bailey panels in “ double-single ” 
construction on end, 32 panels being used ‘for each 
tower, including those for the portal cross girders 
and the portal rakers. 

The horizontal loads were calculated from the 
results of wind-tunnel tests on models of Bailey 
bridge units at the National Physical Laboratory. 
It was found that maximum pressures occurred 
with the wind blowing at an angle of 70 deg. to 
the centre-line of the bridge, and that the “ shadow 
area ” was equal to 29 per cent. of the area enclosed 
by the single-panel perimeter. The equivalent wind 
loads on a single panel were: 21-1 Ib. per square 
foot of shadow area with an 80-m.p.h. wind, and 
33-0 Ib. per square foot of shadow area with a 
100-m.p.h. wind. Wind-tunnel tests were also 
carried out with models of a six-cable assembly. 
It was found that the wind pressure on these cables 
was equivalent to the wind pressure on the shadow 
area of only two cables. 

Four stages of erection had to be considered before 
deciding on critical loading conditions. A 100-m.p.h. 
wind during erection was taken into account. The 
completed bridge was checked for an 80-m.p.h. wind 
with full live load, and for a 100-m.p.h. wind without 
live load. The assumptions made in the design of 
the towers, especially as regards the degree of res- 
traint of the tower legs, were checked by an elaborate 
series of loading tests, including loading equivalent 
to a 93-m.p.h. wind with three vehicles of 9-4 tons 
each on the bridge. This is a severe combination 
of test loads which is most unlikely to occur in 
service. The lateral deflection of the stiffening 
girder, maximum 28 in. in mid-span, was clearly 
visible, as shown in Fig. 8, opposite. 

The portal rakers, which are shown in Fig. 4, 
have to take the horizontal thrust at the tower 
bearing, thus forming a rigid frame for the lower 
half of the tower. Their second function is to sup- 
port the lower 20 ft. of the tower legs against lateral 
buckling. The rakers consist of two panels each, 
giving a 20-ft. length between attachment pins. 
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BAILEY SUSPENSION BRIDGE. 








Fie. 11. 


Tower-Tor SADDLE. 


The centre strut reduces the free raker length to 
approximately 10 ft. The actual working stress is 
2-05 tons per square inch, compared with a per- 
missible gtress (based on B.S. No. 153) of 6-1 tons 
per square inch. The margin is therefore ample, 
and would allow for unequal compression forces in 
the two panel chords. 

The general arrangement of the tower base and 
rocker bearing is shown in Figs. 9 and 10. With 
@ maximum leg load of 106-1 tons, the maximum 
bending moment is 56-4 tons-ft. for each of the 
upper beams, for which 16 in. by 6 in. by 50-Ib. 
rolled-steel joists were chosen. Combined bending 
and shear will produce 8-7 + 1-8 = 10-5 tons per 
square inch maximum stress, so that mild steel will 
be sufficient. The lower beams are 10 in. by 4} in. 
by 25-lb. rolled-steel joists, with a maximum stress of 
9-8 + 3-6 = 13-4 tons per square inch, which is 
acceptable for high-tensile steel. The section is that 
of the standard Bailey bridge transom—an added 
advantage in mass production. The bearing pin 
is of mild steel, 4 in. in diameter. The ribs, gussets 
and brackets are at least } in. thick, and the base 
plate is 24 in. by 21 in. by } in., i.e., 3-5 sq. ft. in 
area. The pressure op the concrete foundation is thus 
30-2 tons per sq. ft., which is acceptable for 
reinforced concrete of 1:2:4 mix. No anchorage 
is required against up-lift. The maximum hori- 
zontal shear of 4-62 tons is transmitted to the 
foundation by four rag bolts ? in. in diameter, firmly 
held in 4-in. square holes 9 in. deep, in cement 
mortar. The bearing, like all other special parts, 
is all-welded ; in fact, no riveting is used on the 
whole bridge. Bolts and pins throughout facilitate 
rapid assembly and dismantling. 

The material, shape and position of the tower 
foundations vary according to conditions on the 
site. Assuming subsoil of soft clay, wet or loose 
sand, with 1 ton per square foot permissible subsoil 
pressure and a base 11 ft. square, the actual pressure 
is 106-1 + 121 = 0-88 ton per square foot, which is 
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less than the permissible pressure. The square slab 
of reinforced concrete is 2 ft. deep, and of 1:2:4 
mix. The reinforcement is 2 in. above the bottom 
face, and consists of 20 }-in. diameter mild-steel bars 
in both directions, at 6 in. centres, or three double 
layers of Sommerfeld track, each layer with }-in. 
diameter mild-steel bars at 8 in. centres, laid 
crosswise. As an alternative, the towers can be 
built on improvised grillages. They consist of 
standard Bailey bridge parts (stringers, transoms 
and ramps), on a layer of Bailey bridge chesses 
(lateral decking timbers), with a baseplate on top, 
all these parts being securely held against a hori- 
zontal thrust of 4-62 tons. The pressure area is only 
9 ft. by 11-9 ft., and the subsoil pressure is just 
under the permissible value of 1-0 ton per sq. ft. 
The maximum forces on each tower-top saddle 
are: vertically, 55-4 tons; horizontally, due to 








an 80-m.p.h. wind, 1-44 tons, or due to a 100-m.p.h. 
wind, 1-80 tons; the vertical reaction due to the 
wind is + 1-35 tons. Thus, the total vertical 
load for one saddle bearer is (} x 55-4) + 1-35 = 
29-1 tons maximum. This load can be assumed 
to be uniformly distributed over a 4-75-ft. span. 
The section chosen is 8 in. by 6 in. by 35-lb. rolled- 
steel joist, which gives a maximum working stress of 
7-2 tons per square inch. The two saddle bearers 
are braced together by 5 in. by 2} in. by 10-22 lb. 
channels at the point of support. The curved saddle 
plate is grooved to accommodate the steel-wire 
ropes at their correct spacing. Special clamps, 
similar to the top halves of the top suspender clamps, 
hold the cables tight and prevent slipping after the 
adjustment has been completed. A saddle is shown 
in Fig. 11, on this page. 

A maximum pull P of 14-6 tons in a suspender 
occurs with a 40-ton live load moving close to the 
riband. The maximum lateral horizontal component 
is thus 14-6sin 8 = 2-37tons. The working load in 
each main cable is 18-6 tons, so that the same steel- 
wire rope can be used for the suspenders ; 1}-in. 
square rods are used for the short suspenders Nos. 
3 and 4 (Fig. 2). The shortest suspenders, No. 1, 
close to midspan, consist of ‘‘ connector links ’’ which 
are also used in other parts of the Bailey suspension 
bridge, while the adjacent suspenders, No. 2, are 
of the same type but 6 in. longer. ~The stress in the 
square rod is 1-8 tons per square inch due to the 
dead load and 7-6 tons due to the live load, which 
gives a total of 9-4 tons persquareinch. The same 
pins are used for the suspenders and for all links 
and connectors. They are made from alloy steel and 
were thoroughly tested to destruction by shear and 
bending. 

The general construction of the suspender top 
clamps is shown in Figs. 12 and 13, and the forces 
diagram is given in Fig. 14. The maximum cradling 
angle, B, is 9 deg. 20 min., and the maximum value 
of «, the cable slope, is 26 deg. 45 min., in the case 
of a 280-ft. span. The component S of the sus- 
pender pull P is 8-7 tons and must be resisted 
by the clamp friction produced by four bolts 
through the timber packing pieces. The maximum 
frictional grip may be assumed to be half the total 
bolt tension, which is thus 2 x 8-7 = 17-4 tons. 
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With four 1-in. bolts this gives a tensile stress 
in the bolts of 7-9 tons per square inch. Tests 
indicated that the reserve in friction was only 
small; in practice, however, no slip has been 
experienced. The 8}-in. lever for the suspender 
pull produces a bending moment and a slight 
S-shaped kink in the main cables, which assists 
in preventing slip. The effect is, of course, very 
small near midspan, but it increases with the cable 
slope, i.e., it is greatest at suspender top clamp No. 
10. It is debatable whether individual cable wires, 
after long service, might suffer from bending fatigue. 
A war-time publication* dealing with the problem of 
slipping top clamps, records several cases of clamp 
failures, even on well-known suspension bridges. 

Three types of stiffening girders were used in the 
design and tried in loading tests. The first test 
bridge had a double-single Bailey-bridge stiffening 
girder. The second test bridge was designed 
with a single-single girder, and this was adopted 
for the suspension bridge, strong enough in shear 
to take single loads up to 24 tons. Single-single 
construction with chord reinforcements was used for 
heavier single loads, including the 40-ton Churchill 
tank. All these stiffening girders have their 
transoms at 5-ft. centres, and no footwalks. Pro- 
vision is made for using the slightly heavier United 
States Bailey-bridge material, and for the addition 
of a wearing surface of 1 in. timber. The final load 
classification of the Bailey suspension bridge was 
based on the results of many loading tests, including 
some with 150 per cent. live load repeated eleven 
times. Several types of stress-recording instruments 
were used. Gerard and Huggenberger extensometer 
and electrical strain-gauge measurements proved 
most useful. The curves plotted from stress readings 
in the top-chord flanges, obtained by Huggenberger 
extensometers, type B, and representing influence 
lines for the bending moment at a quarter point, 
were found to agree fairly well with those plotted 
for rigid (hingeless) stiffening girders. 

A comparison of bending moments at the quarter 
points of a 400-ft. span and a 280-ft. span showed 
that they are roughly proportional to the spans. The 
positive bending moments are about twice the nega- 
tive bending moments ; this clearly suggests equalis- 
ing them by introducing an initial camber upwards, 
by taking up on the backstay adjusters. After the 
war, @ similar suggestion was found in a doctorate 
thesis from Sweden.t 

The relation between span and maximum per- 
missible single load is shown in Fig. 15, on page 579. 
A stiffening girder of single-single construction 
with chord reinforcement was assumed, and the 
single-load capacity was based on $ of the failure 
load. This graph was prepared on the assumption 
that failure would occur by buckling of the top 
chord. There are, of course, other criteria for 
the maximum permissible single load ; for example, 
the capacity of the main cables (as indicated in 
Fig. 15), and the capacity against shear failure. 
The tests of 1945 indicate that 50-ton tank loads 
can be carried by a 200-ft. Bailey suspension bridge 
with chord reinforcements. Greater loads will 
probably require the double-transom arrangement, 
ie., 4 transoms per 10-ft. bay; also provision 
against shear failure at abutments by, for example, 
special end posts, or special “half panels,” or 
“connecting posts’ as used in the Bailey pontoon 
bridge. 

At first it was largely a matter of guessing how 
the multi-hinge Bailey bridge of 400-ft. span would 
behave as a stiffening girder for a suspension bridge. 
The extraordinary flexibility of the girder was shown 
in some of the 43 series of loading tests, gradually 
going up to 150 per cent. of the design load, i.e., 
90 tons vertically, and horizontal loads representing 
a wind of 100 m.p.h., with a number of very severe 
combinations of loads, including eccentricity and 
impact effects, and a “ drunken-driver” test with 
the vehicle zig-zagging at maximum speed. With 
some of these tests, vertical deflections up to 33 in. 
were observed at quarter points, and up to 28 in. 
horizontally at mid-span. The Bailey bridge, which 
was not designed for this purpose, proved to be an 





* “Das Wandern der Schellen,” by H. P. Witt and 
F. Cichocki, Stahlbau, 1943. 

t “ The Deflection Theory of Suspension Bridges,” by 
S. O. Asplund, Stockholm, 1943. 
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Fie. 17. Suweti River Suspension Bripcze, Burma. 


excellent stiffening girder, in fact considerably | 
stiffer than was anticipated from theoretical consider- 
ations of pin and pin-hole clearances and tolerances. 

The question of aerodynamic instability was 
considered, especially in view of the collapse of the 
2,800-ft. centre span of the Tacoma Narrows 
suspension bridge* in 1940. Wind-tunnel tests 
with models of the complete bridge will probably 
offer the shortest approach to solving any problems 
of this sort in future. It is clear, however, that the 
stiffening girder is not such a vital part of a suspen- 
sion bridge as the towers and anchorages. Failure 
of the stiffening girder need not involve the total 
collapse of the bridge. 

The maximum pull per anchorage is 6 x 18-6 = 
111-6 tons, at an angle to the horizontal varying 








* “The Tacoma Suspension Bridge,” by S. DENNIS, 
The Royal Engineers Journal, March, 1943; also 





ENGINEERING, vol. 150, page 481 (1940). 


between 19 deg. and 27 deg., according to span. 
Four different types of anchorages were built for 
the first bridge, and several more types for later 
test and operational bridges. Special designs were 
developed and tried out for various qualities of 
subsoil, from wet or loose sand to solid hard rock. 
The buried-panel type anchorages were found par- 
ticularly satisfactory in light and medium soils. 
They consist of a box formed from Bailey panels 
and other material, built into a hole excavated by 
bulldozers and filled with the excavated soil. A 
type of concrete block anchorage weighing approxi- 
mately 6 Xx 26 tons gave a maximum subsoil 
pressure of 1-24 tons per square foot. With the 
resultant of 6 x 24-6 tons nearly at right-angles to 
the subsoil face there is no tendency for the block 
to slide. 

The method of erection was gradually developed 
with the construction of the test bridges. The 
double-single stiffening girder was originally 
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cables, the bridge being built from mid-span towards 
both ends. A considerable increase in speed of 
erection was achieved by launching half spans of 
single-single skeletons from both banks simul- 
taneously. With 120 untrained men and an officer 
with experience of Bailey suspension bridges, erec- 
tion time was only 58 working hours. It is claimed, 
however, that the time can be shortened to 26 hours, 
if the 120 men are controlled by a highly trained 
crew of 15.* 

A 400-ft. span Bailey suspension bridge requires 
about 183 tons of constructional material, and 
34 tons of “ common-user ” items, including erection 
tools, tackle, etc., making a total of 217 tons. This 
includes timber chesses, sleepers, parts required for 
a cableway, spare parts, material for alternative 
anchorages, etc. All these requirements can be 
transported in 66 3-ton general-service lorries. 
The parts required for strengthening a 400-ft. span 
to take class-40 loads weigh 17-7 tons, most of 
which is the weight of the chord reinforcements. 

In addition to the 400-ft. test bridges, training 
bridges of various spans were erected in this country 
and overseas, and operational bridges in Italy and 
in Burma, making about 20 altogether. A 400-ft. 
bridge erected at Ripon, Yorkshire, is shown in 
Fig. 16, opposite. The 400-ft. span with chord rein- 
forcements erected over the destroyed stone arches of 
Ponte Annibale, River Volturno, near Capua, Italy, 
in 1944, carried approximately 240,000 vehicles 
weighing about 1,000,000 tons before being dis- 
mantled after eight months service. The Shweli 
River bridge in Burma, which is shown in Fig. 17, 
opposite, was erected in 1945 in place of a British- 
built suspension bridge which had to be destreyed 
by American bombers during the evacration 
of the country. To make use of the existing 
tower foundations the standard Bailey suspension- 
bridge span had to be extended from 400 ft. to 
440 ft. The 50-ft. standard towers were moved 
outwards and raised well above their normal level, 
and additional suspenders were fitted, as described 
by Bailey and Carey.t This is probably the longest 
single-span military bridge in existence. Its erec- 
tion reflects great credit on those responsible for the 
work who had to adapt, re-design and improvise 
under most difficult conditions, hundreds of miles 
from the base. 





Tug M.S. “ Car FeRRY.”—A new twin-screw motor- 
ship for conveying motor cars to and from the Continent 
has been put into service on the Dover-Ostend route. 
She is named the Car Ferry, was -built by Messrs. John 
Cockerill, S.A., Hoboken, Belgium, for the Belgian 
Marine, and was launched in September last year. The 
vessel can carry approximately 110 cars and has 
accommodation for 700 passengers. Her overall length 
is 373 ft., her breadth moulded 49 ft., and she has 
two continuous decks with two large hatches, fore 
and aft, permitting the rapid loading and unloading 
of motor vehicles. The Car Ferry has a raked stem and 
a cruiser stern and is fitted with one funnel and two 
masts. For navigating purposes two rudders are pro- 
vided, one fore and one aft. The vessel is propelled by 
two Sulzer Diesel engines which give a speed of 22 knots. 





Society OF CHEMICAL INDUSTRY.—The 68th annual 
meeting of the Society of Chemical Industry will be held 
in Manchester from July 11 to 15. The headquarters of 
the Society during the meeting will be at the University, 
Oxford-road,.Manchester. The annual general meeting 
of the Society will be held at 10 a.m. on July 12, when the 
President, Sir David Ri tt, D.Sc., F.R.S., will deliver 
his presidential address. The afternoon will be devoted 
to works visits. On the mornings of July 13, 14 and 15 
lectures on the chemistry of: textile materials, the pro- 
duction of fine chemicals by the fermentation industry, 
petroleum chemistry, rubber and plastics, chemical 
engineering, and industrial administration will be de- 
livered, and in the afternoons, visits will be paid to works. 
The annual dinner of the Society will be held at the 
Midland Hotel, Manchester, at 7.30 for 8 p.m., on Wed- 
nesday, July 13. The honorary secretary for the meeting 
is Dr. W. H. Brindley, c/o Hardman and Holden, Limited, 
Manox House, Miles Platting, Manchester, 10. 





* The Bailey Suspension Bridge,” by Sir Donald 
Bailey and W. M. D. Carey; Institution of Civil Engineers’ 
Conference on War-time Engineering Problems, London, 
1947. 

t loc. cit. 





The Optical Principles of the Diffraction of X-Rays. 
(Volume II of The Crystalline State.) By PROFESSOR 
R. W. James. G. Bell & Sons, Limited, York House, 
Portugal-street, London, W.C.2. [Price 80s. net.} 
Tue first volume of this important series, contributed 
by its editor, Sir Lawrence Bragg, was originally 
published in 1933. It consisted of a general survey 
and was intended to serve as an introduction to the 
subsequent more specialised volumes, the first of 
which has now been published. The delay in its 
appearance, due partly to its author’s removal from 
Manchester to Cape Town and partly to the con- 
flicting claims of War, may not have been altogether 
a drawback, for the exposition is characterised by 
a maturity in the handling of a vast mass of material 
which is the ripe fruit of long meditation. 
Professor James is, of course, exceptionally qualified 
to deal with the optical principles of X-ray diffrac- 
tion, for few have such a length or wealth of 
experience on which to draw. He was associated 
with Sir Lawrence Bragg throughout the period when 
Manchester was one of the most active centres of 
X-ray research and his own contributions to the 
subject have been of outstanding importance. 
X-rays are electromagnétic radiations with wave- 
lengths some thousand times smaller than those of 
visible light and, accordingly, less than the distance 
apart of the diffracting centres in a crystal lattice. 
The first five chapters of the book are devoted to a 
discussion of the quantitative theory of the diffrac- 
tion of X-rays by sucha lattice. Vector methods are 
employed throughout and considerable use is made 
of the elegant method of the reciprocal lattice, the 
essential results of which are summarised in appen- 
dixes. Formule for the intensity of reflection of 
X-rays by perfect, mosaic and powdered crystals, 
are derived and a full account of Ewald’s dynamical 
theory is given. The scattering of radiation by atoms 
is considered from the classical standpoint and then 
by the methods of wave mechanics, after which 
details are given of the calculation of atomic scatter- 
ing factors. Although the treatment is primarily 
theoretical (the technique of X-ray analysis is 
reserved for a subsequent volume) reference is made 
to experimental work in so far as this illustrates 
principles. Thus the theory of the anomalous 
scattering and dispersion of X-rays is followed by 
an account of the experimental verification of the 
dispersion formule and the theory of the influence 
of temperature on the diffraction of X-rays by 
is followed by a description of experimental 

tests of the Debye temperature factor formule and 
of methods developed for the experimental investi- 
gation of diffuse scattering. Moreover, Chapter VI 
is devoted to 4 survey of experimental tests of the 
intensity formule including primary and secondary 
extinction which, though essentially distinct effects, 
are both generally operative in any real crystal. 

The application of Fourier series in crystal 
analysis is admirably presented, the physical aspect 
of the problem being brought out by considering 
how the projection of a crystal structure on to a 
plane, obtained by summing the double Fourier 
series, is relatéd to an optical image. Here, as 
elsewhere, Professor James shows clearly that 
X-ray optics is an extension of classical physical 
optics and, incidentally, how far a sound grounding 
in the latter contributes towards an understanding 
of the former. An outline of Laue’s development 
of the dynamical theory of X-ray reflection is 
followed by an explanation of the formation of the 
so-called Kossel lines and of the Kikuchi lines, first 
observed in electron diffraction patterns. The 
last two chapters are occupied with the scattering 
of X-rays by amorphous matter, such as gases, 
liquids, vitreous and non-crystalline solids. Sections 
are included on the effect of crystal size on the 
distribution of intensity in the diffracted radiation, on 
scattering by lattices exhibiting imperfections, and 
by substances such as fibres and hairs. Extensive 
references are provided, including some published as 
recently as 1947. 

It is impossible in a short review even to indicate 





the full scope of the fundamental material covered 
|in such an exhaustive treatise as this or to convey 
|more than a hint of the thorough treatment and 


in such a way as to reveal its physical implications. 

In many cases, the classical interpretation is given 
first in order to esfablish the physical picture of the 
process before detailed. refinements, tending to 
obscure the broad outlines of the picture, are 
introduced. Professor James has provided a 
standard work of reference that will be indispensable 
to research workers in X-ray crystallography and 
his publishers have spared no pains in presenting it 
in a style that is worthy of it. 





Topographic. By LE GENERAL DE FONTANGES. (Collection 

Armand Colin No. 252.) Librairie Armand Colin. 

103, Boulevard Saint-Michel, Paris, (5e). [Price 

150 francs.) 

THERE must be many users of maps who have 

little idea of the operations involved in transferring 

the characteristic features of a tract of country on 

to paper. This handy volume in a justly esteemed 

series, written by a former Director of the Topo- 

graphical Division of the Geographical Service of 
the French Army, explains the methods of surveying 
used in assembling the requisite data and describes 
the processes involved in preparing the corre- 

sponding maps. It is divided into two parts of 
approximately equal length, one dealing with map 
reading and surveying instruments, the other with 
surveying methods and map production. Part I 
opens with the fundamental problem of locating 
the position of a point on the earth’s surface for 
which three co-ordinates are required, the latitude 
and longitude of the point, and its height above 
sea level. It is then pointed out that, as the geoid 
is not a developable surface, no system of projection 
can represent a portion of its surface on a plane 
without distortion, though, for sufficiently restricted 
areas, the distortion is generally negligible. For 
most purposes, a map can be taken as representing 
the horizontal projection of the area it covers and 
lengths read off on it can be translated directly 
into distances on the ground by means of the map 
scale. The indication of heights above sea level by 
contour lines at selected intervals or by hachures 
is described and certain conventional symbols 
employed to represent natural and artificial features 
of the landscape are indicated. A list of the main 
types of maps of France and French North Africa 
is also given. A succinct account of the principal 
surveying operations is followed by a discussion of 
errors in surveying and of means for minimising 
their effects. Surveying equipment is classified 
under the headings of instruments for the measure- 
ment, direct and indirect, of distances, instruments 
for the measurement of horizontal angles to obtain 
bearings and for the measurement of vertical angles 
to determine heights, instruments used in trigono- 
metrical and barometrical levelling, and composite 
instruments capable of effecting more than one of 
these operations. The principle of each is explained, 
and the method of taking readings with it is outlined. 
Illustrations of typical French surveying apparatus 
accompany the text. Plane-table surveying and 
other types of field work are described, together 
with examples of the calculations involved. 

The second part begins with an interesting chapter 
in which the history of map making is traced from 
the time of the Greeks and Romans through the 
Middle Ages down to the present day. Surveys are 
conveniently classified in accordance with the 
purpose the resulting maps are destined to serve. 
These, in ascending order of , are to 
graphical surveys, carried out to locate the principal 
natural and artificial features of a region : 
surveys, usually on a larger scale and showing 
additional detail; and geodetic surveys, covering 
a wider field and furnishing control points for more 
expeditious and less accurate surveys. The appro- 
priate methods for carrying these out are compared 
and contrasted. The more exacting and costly 
procedures involved in base-line measurement and 
primary triangulation are outlined and the more 
common systems of map ‘projection summarised. 
A chapter is devoted to modern methods of photo- 
graphic and aerial surveying and to some of the 
elaborate instruments developed in connection 
therewith. These, as the author points out, seem 





destined to supplement rather than to supplant 








582 


ENGINEERING. 


JUNE 24, 1949. 





~: 





classical methods, so that the demand for skilled 
topographers with extensive field experience is 
likely to continue. The concluding chapter cgntains 
an account of methods of reproducing maps ~ 
copper-plate engraving, now discontinued, to the 
more recent photographic processes. 

General de Fontanges has managed to compress 
@ surprising amount of information within a small 
space. At the same time, by skilful arrangement of 
his material, emphasis of general principles and by 
the clarity of his presentation, he has avoided 
ove ing his text with technical details. The 
fact that his descriptions are necessarily confined to 
French topographical practice will not lessen the 
interest of his book to the English reader. 





Centrifugal and Axial Flow Pumps. By Dr. A. J. STEPA- 
NorF. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 7-50 
dols.]; and Chapman and Hall, Limited, 37, Essex- 
street, London, W.C.2. [Price 45s. net.] 


Tuts outstanding work for the designer of centri- 
fugal pumps provides a record of experience which 
has not previously been published in a text-book ; 
the author’s approach indicates throughout his full 
awareness of the problems to be met in providing 
safe and efficient . The book starts witha 
review of the hydraulic fundamentals, as relating to 
centrifugal pumps, discussion of the various conven- 
tional theories being followed by the author’s 
inte’ and a suggested system for designing. 
In the course of a thorough investigation’ of the 
problem of determining dimensions for a given 
duty, curves are given, from experience, of the 
coefficients connecting dimensions of pumps with 
performance ; in the past, there has been a tendency 
to omit such information from text-books. The 
effect of specific speed upon performance is fully 
examined, and the manner in which various factors 
affect efficiency is on a specific-speed basis. 
The author then to the detail design 
of impellers, in which he describes the error triangle 
method of blade development. 
with from the hydraulic » and a chapter 
is devoted to the problem of hydraulic thrusts. 
Considerable attention is given to cavitation 
and the associated questions of erosion and corro- 
sion, charts of safe operating limits for any parti- 
cular duty being included—again, from practical 
experience. It is noted, however, that the author 
gives little information on how the cavitation 
coefficient varies with size and speed. His reliance 
on the Thoma coefficient alone is cautious, but this 
coefficient is not exactly applicable when comparing 
two pumps of widely different size or speed, since 
larger and higher-speed pumps give lower cavitation 
constants. Several chapters follow, dealing thor- 
oughly with the mechanical design of centrifugal 
pumps; and the various losses, which tend to be 
rather vague, have been carefully considered. The 
author states that ‘‘ considering the high degree of 
perfection of modern pumps . . . it is remarkable 
that so little exact knowledge is available on the 
losses of centrifugal pumps,” adding that progress 
in pump design has been accomplished mostly in an 
experimental way, the pump efficiency being the 
only criterion of improvement in performance. His 
appreciation of this point renders his book of 
particular value to the designer. 

In general, laborious mathematics are avoided ; 
indeed, at least one American reviewer has com. 
mented that the mathematical treatment was not 
sufficiently rigid. It would seem, however, that 
the author’s primary aim has been to produce a 


pump, an object which has higher priority | ing 


than hidebound rigidity of treatment. On this 
basis, the book must take precedence of any pub- 
lished since Professor R. L. Daugherty’s Centrifugal 
Pumps of 34 years ago. There is a chapter dealing 
with special operating conditions such as occur 
during transient periods of starting, reversing, etc. 


The calculation of critical speed is discussed in | shi 


great detail, full explanations being given of practical 
methods. Special applications of centrifugal pumps 
—for example, in pumping hot oil, for boiler feeding 
and for mine duties—receive careful attention, 
examples being given of the difficulties experienced 
in the field. The concluding chapter deals with 
ejector pumps. 


Casings are dealt | Neit 


THE CAUSES AND PREVENTION 
OF SLAMMING ON SHIPS.* 


By J. L. Kent, C.B.E. 


Ir is not an uncommon experience for ships to 
“ slam ” when labo inaseaway. By “slamming 
is meant the series of blows delivered by the sea to 0 the 
ship’s structure at i intervals and generally at 
the forward end of the vessel. Each “slam ” causes a 
shudder to run through the ship, followed by a rapid 


these blows are large, serious damage may 
occur and, even if the blows are small, the hull will be 
weakened by fati if slamming is uent. It is 
im) t, therefore, that the naval architect should 
understand the ship and weather conditions that 

aon slamming and the precautions which can be 
in the design of the ship’s lines to eliminate, oret least 
to minimise, its effect upon the hull. 

Fete ech eae cma. gy saga 
a ship model towed through water, in one of the 
tanks of the Ship Division atone at Teddington: the condition 


of synchronism was between the natural 
resisted pitching period of t model and its period of 
encounter with the waves. Extremely large pitshing 


angles = recorded, but the model did not 
during t experiments. When, however, i. 
arranged between the natural resisted heavi 
Se model and its le 
the waves, lenge heaving dipping | d 
amplitudes were recorded and “ slams ’’ were frequent. 
During these experiments it was noticed that, when 
large pitching and ’scending angles were recorded on 
the model, the heaving and dip amplitudes were 
small, and vice versa. §S or the truth of these 
experiments is ee by collected by the author 
in ships at sea rough weather. The instant at 
which a slam nomen was marked on the pitching and 
‘scending diagrams, drawn by an automatically record- 
ing pitching indicator. There appeared to be no partic- 
a position of the ship in its pitch, at the moment the 
slams occurred. Furthermore, a survey of the recorded 
maximum pitching angles, during the time that the 
slams were frequent, indicated that these pitching 
angles were never large. It was also noticed that, 
although baulked pitching was frequent, it was the 
os that a slam was felt during a baulked pitch. 
i did the vessels slam during a baulked rolling 
oscillation. It would appear, therefore, that pitching 
and slamming are not directly connected. 
These facts led to a closer phew of the fundamental 
causes of pitching and heaving of ships, and it was 
shown that the governing conditions were the ratio of 
the ship’s natural pitching or heaving period to the 
period of encounter with the waves, the maximum 
longitudinal shift of the centre of buoyancy, and the 
maximum change in static buo i. hon ae 
of an ocean wave past the s = was also shown 
that when the ratio Pf the ship' h to the ocean- 
wave length was such that the seen condition was a 
minimum, the third condition was always a maximum, 
and vice versa. It can be stated, therefore, that model 
experiments have proved, and ship date t taken at sea 
have confirmed, that it is the conditions which cause a 
ship to heave and dip that produce slamming and not 
those conditions favourable to pitching and ‘scending. 
Under the same ship and wave-length conditions, the 
extent to which a ship heaves and dips increases with 
the wave height. Slamming will therefore be expected 
and felt ly when the wave height has reached 
such a value that “ dipping” has become appreciable. 
Damage to the hull structure by sla: has occurred 
at the forward end of the ship only, in all cases within 
the knowledge of the author. This was situated 
between 1/9th to 1/10th of the ship’s length from 


the forward dicular and occurred to the bottom 
plating and a little to one side or the other of 
the vertical keel. Damage to the vertical keel was 


not shown, probably because of the great strength of 
this ship’s girder. When slamming becomes severe, 
the experienced shipmaster invariably reduces —_ 
which immediately eases or ss 
author has never heard of a in dheanien oie dam drift. 
unpro’ in a seaway. It would appear, there- 
fore, that the hydrodynamic pressures on the hull, 
brought into existence by the ship’s forward motion 
through pe he water, play an important part in creating 
tt t was the euthor’ 8 experience that 
loaded vensols di did not slam with the same 
force as when the same ships were in the light condition ; 
and it is believed that this is the general experience of 


tt is within the author’s experience that ships 
having approximately the same rtions, but with 
dissimilar hull shapes, behaved very differently as 
regards slamming in the same rough sea. The model 


* Paper delivered at a meeting of the North-East 
Coast Institution of Engineers and Shipbuilders, held in 








Newcastle-on-Tyne, on April 29, 1949. Abridged. 


vibration of the hull structure. If the magnitudes of | grea 
structural 


or | the 


experiments also showed this very clearly. Four 
model hulls having the same dimensions and displace- 
ments and the same after bodies, but with different! 
shaped fore bodies, were towed at the same epesde 
through ly the same rough water. All four 
models B meson but the magnitudes of the blows 
recorded on one of them were of double the intensity 
of the blows on any of the other three models. 
the model experiments, tests were made in both regular 
and irregular waves. Differences in pressure on the 
hulls were recorded in both types of rough water, but 
ter slams were produced in the irregular waves. 
These i waves were made by first crea 
—. -. short-length waves at | then producing 
wave lengths, the latter running 
aay ‘os ormer. This irregular sea caused the 
model to heave and dip approximately in the period 
en | of encounter with the fagest swell, so that parts of 
its hull occasionally met uprising water of the shorter 
swells, as it moved downwards in obedience to the 
long swell. The orbital motion of the water particles 
within the waves would therefore appear to have some 
effect upon the itude of the water forces upon the 
~~ s hull during 
t would appear that the ship and sea conditions 
cuntidisie, to a eavy slamming are maximum heaving 
into and out of the water, considerable height of pom 
waves, light draught, high ship s shape of shi 
form forward, i = sea (i.e., ge more oni 
ne at the same time); and that the blows 
to the ship’s hull will probably occur between 
one-eighth and one-tenth of the ship’s jength aft of the 
stem. 


It has been shown that, when a merchant ship meets 
regular waves “head on,” maximum dipping and 
heaving will occur when the ratio of > whe 
wave length is less than 1-0 or between | 
and that it will be greatest at 1-73 approximately. 
These are the conditions when the static changes in 
buoyancy during the of waves past the ship 
are a maximum, and it is these changes in buoyancy 
which provide the forces creating the vertical oscilla- 
~ of the vessel into and out of the water. These 

do not alter appreciably with changes in 

pee between load ae ballast conditions; but, as 
the mass of the ship and the entrained water will be 
very much less at light than at deep draught, the 
magnitude of the dipping and heaving amplitudes will 
be greater and slamming much more alent and 
heavier with the ship in ballast condition. Static 
changes in buoyancy in waves are governed by the 
area of the waterplane and the heights of the waves, 
and will be greatest in vessels with large waterplanes 
for, their size, such as in broad full-lines ships. - 
fore the tendency to slam will be much more probable 
in wide full ships of small draught than in ‘narrow 
fine-lined vessels of deep draught. In no vessel will 
slamming occur until the wave heights are considerable. 
On the North Atlantic , the most persistent 
swells had wave-lengths From 200 ft. to 300 ft. The 
conditions for maximum dipping and heaving will be 
most frequently met there by ry of less than 200 ft. 
in length, and also by vessels of from 350 ft. to 520 ft. 
approximately. 
As a ship must be under way for slamming to occur, 
and as a reduction in ship’s s always reduces or 
eliminates the force of the blows upon the hull struc- 
ture, ship s must play an important part in the 
magnitude whe slams. This suggests that the prin- 
cipal roducing slamming is a sudden —- 
in the ye acter distribution of pressure along the 
ship’s hull, created by the ship’s speed through the 
water, and that the sudden change is brought about 
by the ship’s dipping motion. These hydrodynamic 
pressures can be calculated for simple forms of hull on 
certain assumptions. Broadly speaking, there is close 
agreement along the forward ends of the vessels, and 
considerable differences % apie = and 
practice along the after ends ly in the magni- 
tude of aateemn. Most of the Fetes ams of 
—— due to slamming, and ol ers’ experi- 

ence, points to the blows being delivered at the fore 

of the ship. It is, therefore, a reasonable a 
Son “that the hydrodynamic pressures calculated 
different ship shape forms are passenger posal rg 
in so far as they affect 

The rapid change from negative to positive 
occurs at from one-tenth to one-quarter of 
length of the hull from the forward perpendicular, 

mae gt of this change depends wholly upon re 
shape of the form. Fine forms have gentle changes in 
pressure slope from negative to positive, and the point 
of zero pressure may be as much as one-quarter of the 


ship’s length from the forward a: The 
of such 


os 


maximum ive and negative pressures 
forms are not large, but in full forms, the maximum 
positive ure is much increased and occurs closer 


to the ship’s stem. The change from negative to 
positive pressure may be very s and the position 
of zero ure en one-ninth to one-tenth the ship’s 





length from the forward perpendicular. Dr. G. 8. 
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Baker* sums up the tendencies of stream flow along 
the ship’s bottom as follows :—‘ The lower streams in 
the bow follow either the diagonal or bow lines. Along 
the underside of the amidship portion there is a marked 
outward spread going aft. Tests made in the National 
Tank have shown that with the lower levels eased 
away, the flow along the bilge is almost fore and aft, 
both on merchant ships of ordinary proportions and 


on high-speed vessels, such as destroyers. When the 
quick turn of the bilge radius is taken ell into into the 
entrance or run, the streams on the sides and bottom 


— out at this part, indicating that the flow may 

be critical here. . . . 

Widening of the streamlines means slowing up the 
stream flow and increase in the pressure. When the 
ship dips, the bottom forward meets the water at an 
angle to the fore-and-aft line of the keel, which is 
given by the resultant direction of its velocity forwards 
and downwards. There will then be a greater prob- 
ability of the streamlines spreading during this motion 
and water will be spilt over the turn of the bilges. 
The positive pressure will then extend farther from the 
bow towards amidships, invading an area of the ship’s 
bottom previously occupied by negative ure. If 
he i eee ae Ay ot ve a steep 

change from negative to positive pressure, as in a 
wide flat-bottomed ship with a sharp bilge turn, a 
dipping motion of the vessel will cause an 

sonld change from ve to positive pressure to 
occur on the bottom at one cighitis te doesent the 
ship’s from the stem. deals high, 2 ones 
rapid the ship’s speed sufficiently high, 

Dow will be fols there. Tt follows that, to avoid bed 
slamming, the transverse sections of the ship in this 
ar preiteen should have a sharp rise of floor and 

rounded bilges. 


It is of interest to consider the action of a “ pitch ” 
upon the stream flow along the ship’s bottom. As the 
vessel pitches, the resultant direction of the water 
motion to the bottom of the ship is that due to the com- 
bined forward speed of the vessel and its speed down- 
wards. At the maximum pitch, the motion down- 
wards is nil and the direction of the water to the hull is 
horizontal. This would tend to augment the negative 
pressure all along the ship's bottom, and cannot cause a 
sudden change to positive pressure, such as happens 
during a slam. When the ship i is momentarily horizon- 
tal in its pitch, its down velocity is a maximum, 
and the angle at which the water meets the bottom is 
greatest at the fore ei and diminishes to 
zero somewhere amidshi _ It is in this position that 
the greatest change in di of the water meeting 
the hull takes place and therefore the position in which 
the greatest change in pressure on the bottom will 
occur. Consequently, any slam due to pitching only, 
would be ee when the ship was momentarily | 4 
approximately horizontal and the position at which 
the blow was Y delivered would be well forward, where 
the ghange in direction of flow is greatest. 

The orbital motions of the water particles in a regular 
swell are circular, and their effect upon the stream flow 
along the bottom of a ship is probably periodic, if 
the ship moves steadily forward without pitching or 

dipping , Assuming that the waves meet the ship 
“ head on,” then at any position on the ship’s bottom, 
the orbital motion of the water particles would tend to 
speed up and then to retard the stream flow as the ship 
passed arp a wave; that is, at any one position on 
the bottom of the ship there would be a periodic change 
in pressure of a magnitude dependent upon the wave 
height. For heavily loaded vessels with bottoms well 
immersed, th effect of this pressure change would be 
<— ible, as the orbital motion of water in a wave 

ly decreases with increase in depth below the | Shi 
walt surface. Its effect upon the pressure changes, 
however, would become more and more important as 
the ship was lightened. The ship’s dipping motion 
would synchronise regularly with the change in 
tion of the water les in their orbits and there 
would be no sudden alterations in the regularity of the 
oo wea changes in pressure at any point on the ship’s 
although these pressure changes might become 
sufficiently large to cause slams at regular intervals. 

When two swells with waves of different periods are 
running at the same time, even if their directions - 
the same, the changes in the direction and velocit 
the water particles are very considerable. The or 
motion, for example, will not now be circular, but pe 
irregularly shaped paths, c ing in form oe 
moment to moment. The ship pas fw 
with the predominant swell, but will be completely out 
of phase with the second swell. Hence those c 
in pressure which were due to the orbital motion of 
the water will be non-periodic, irregular in magnitude, 
and therefore more likely to add to the chances of slam- 
ming occurring at i intervals. With more than 
two swells running at the same time, especially if the 





* Ship Design, Resistance and Screw Propulsion, 
vol. I, page 12. 





directions of the swells are different, the chances of 

are much increased, previded that at least 
one of the swells is of sufficient wave-height and 

ity to cause the ship to dip. 

in pressure upon the bottom of a shi during 
a are due to the increase in pressure uced by 
ew the hull downwards into the water and to 
sudden changes in hydrodynamic » due to any 
alteration in the stream flow. It is of interest to deter- 
mine by calculation the magnitude of the change in 
pressure by each of these two causes, using data 
obtained in a ship at sea. 

On the 8.8. Oroya, on January 27, 1926, when the 
ship was slamming, the ship’s s was 12-69 knots ; 
the wave-length, 377 ft. and wave-height, 9 ft. ; 
the direction of the swell was 5 deg. starboard bow, and 
the period of encounter was 5-77 seconds. 
that the ship’s aman fed tam 9 > rg 

t into and out of the water, and that she dipped 

feared i in the period of encounter, the vessel 

6 ft. into the water in 2-88 seconds, in simple-harmonic 
motion. The maximum increased pressure on | sq. ft. 
of bottom plating induced by this motion w be 
1-12 x (21-65)* sin 8 deg. 8 = 80 Ib. per square foot. 
This increase in would be felt over the whole 
of the bottom would not occur suddenly. It would 
rise from zero to 80 Ib. pe: sq. ft. in 1-44 seconds. 
oe ee Sy Se Se es 
Gas mana BRR aati iis changes 
of from — 0-5 5 to + 0-5 5 at cortain partioular | Pre 


places along the s seal that is, pressure 
Roreasee off 64 x (21 45)" — 460 Ib. per foot, 


The blow delivered by the water to the ship's bottom 
during a slam is an impulse, and the magnitude of this 
impulse will depend upon the shortness of the time 
taken to change the hydrod: flow. If the ship’s 
form along the bottom levels is such that the hydre- 

a pressure changes from negative to positive 

ong its length are very steep, then the impulse over a 
short length of the ship's bottom can be very large. 
It is advisable, therefore, to ensure as far as cangeeeg 
that the bottom levels forward have no steep cee 
are straight or slightly convex in form. 
usually be accom by a sufficient cut-up of the 
bow contour, sharp rise of floor and fining off towards 
the turn of the bilge. 

The conclusions reached, therefore, are that slamming 
is primarily due to sudden changes in pressure upon 
certain portions of the ship’s bottom forward, caused 
by the rapid alteration in streamline flow, brought 

by the dipping motion of the ship while under 

way in a rough sea. The weather most conducive to 
will have cross seas, with a predominant 

swell which gives a period of nee with the ship 
ximately equal to its nat di period. The | 88m 
Seaeied in the’ fadividual swells will Be of considerable 
height before*any slamming is experienced. Vessels 
in ballast or fight draughts will be more likely to slam 
than in load condition and broad shallow craft, with 
flat bottoms and sharp bilge turns forward, will experi- 
. The violence of the “ slams ” 


ence the worst 
will always be reduced by a reduction in s and the 
severity of the blows upon the bottom can be controlled 


to a considerable extent by so shaping the forward lines 


of the ship that rapid changes in age wee — 
along the ship’ "s _— are avoided. is can be done 
most a giving sufficient cut-up to the bow 
profile to avoi w water lines at the bottom of the 
ship. onmtinn just aft of the cut-up should 
have a pronounced rise of floor and well- bilge 
turn and this type of transverse section should be used 
for at least one eighth of the ship’s length aft of the fore 


direc- perpendicular. 





THE LATE Mr. F. O. HuGHEes.—We regret to record 
the death of Mr. Frank Oliver Hughes, which occurred 
in Coventry, after a short illness, on June 15. Mr. 
Hughes, who was 57 years of age, was the secretary 
of Messrs. A. C. Wickman Limited, Tile Hill, Coventry. 
Mr. Hughes, who was a native of Leicester, had been 
connected with the machine-tool industry for over 
34 years. He joined the accounting staff of Alfred 
Herbert, Limited, in 1915, and eventually rose to the 
hase | position of chief accountant. In 1932, he was appointed 
secretary to Messrs. A. C. Wickman and filled this post 
with distinction until his death. He was a Fellow of the 
Association of International Accountants and an asso- 
ciate member of the Institute of Industrial Administra- 
tion. Until recently, he was secretary for the Coventry 
area of the latter body. In addition to his official duties, 
he devoted much time to the development of the em- 
ployee-welfare activities of his firm. During the late 
war Mr. Hughes held a prominent position in the Civil 
Defence organisation of Coventry. 





RESEARCH WORK ON TIN. 


Tue present laboratory and headquarters building of 
the Tin Research Institute was erected in Fraser-road, 
Greenford, Middlesex, in 1938, and the funds then 
allocated permitted of the erection of a two- 
administrative having a frontage of 100 feet, 
and two one-storey la wings extending back- 
ward for 100 feet each end of the administrative 
building, the whole block three sides of a 
square. For some time past, the growth of the work 
undertaken by the Institute has caused increasing 
congestion and it has been decided to enlarge the 
pon t accommodation. A two-storey building is to 

e 


rected between the two e laboratory wings 
and a three-storey structure will be ‘built so as to form 


a fourth side to the block. In this way the accom- 
modation will be rather more than doubled and will 
give the Institute full facilities for all the projects at 
present envisaged. It is stated in the recently-issued 
report on the work of Lg hcg 1 for 1947-48, that the 


request for build the new extensions 
was made early in 1948 én that a favourable reply was 
received in Fe , 1949. The work has been put 
in hand and should e completed within a year. 


Four members of the staff are engaged in problems 
connected with tin-plate and hot-tinning, and the 
hot-tinning laboratory, which has recently been 

uipped with modern plant on an industrial scale, 
plays an important, part in this work. There are also 

lems connected with electro-tinning, the solution 
oft whieh, would be of value to manufacturers and users. 
For investigations in this field, two machines which will 
simulate the rapid movement of modern continuous- 
strip electro-tinning plants have been and are 
being built. Thee investigations on the tin-bronzes, 
begun some years ago by Dr. W. T. Pell-Walpole and his 
collaborators, are being pursued. The states that 
the difficulties encountered in the production of relative- 
ly small chill castings have been overcome. in so far as 
working conditions in England are concerned, and, for 
the past year, attention has been directed to problems 
met with in the sand ing of bronze. A smail 
casting unit which can produce bars six to ten feet in 
lengeh Dep enseuey. ©. get rae. & Sieens one. One 
are already in experimental operation 
in foundries in this country. Several firms are making 
pilot plants to assess the applicability of the new 
technique to their own actions. 
has been found tin-base , as now 
made, vary considerably in quality and it is considered 
that many are not so well made as they should be. 
Research on manufacturing techniques and on the 
effects of changes in composition have been conducted, 
and some of the results published. One such article, 
entitled ‘“‘ Babbitt Alloys for Plain 
Mr. P. G. Forrester, M.Sc., a in ENGINEERING, 
vol. 164, pages 184, 208 and (1947). In the past 


samples of tin-alloy bearings made in the laboratory. 
Consequently, two bearing-testing machines, of a t 
already found suitable both in this country and in 
United States, are being built by the Institute and 
should be ready at about the same time as the new 


stated to resemble ge & the yoy + — s Raga 
scale machinezy and should enable the Institute to 
evaluate, ae bearings, many of th the alloys which have 
already been examined by other meth 

Work on speculum plated coatings, which 
contain about 42 per cent. of tin and 58 per cent. of 


copper, is being pursued. It is pointed out in the 
report that there is a potenti ac ene 
as an alternative to nickel-chromium for ing mass- 


produced articles, but full advantage of 
bright pond e hich 

ht , namely, one which requires little or no 
hand finishing. Electro-plated coatings of another alloy— 
of 80 per cent. of tin and 20 per cent. of zinc—are 
stated to be increasingly employed to protect steel from 

rusting. Its main appli so far, has been in the 
electrical field, where, in most cases, it has been 
as an alternative to the more expensive cadmium 
Several large tin-zinc plating plants are now in operation 
and the report adds that a small machine is being 
designed to investigate problems connected with the 
continuous tin-zinc plating of steel strip. The use of 
tin as a protective coating is its most importan peng 
cation and corrosion stations, situated in six 
different of Great Britain and at three places in 
the Uni one ae ee ee 
resisting ies of tin and tin-alloy coatings. It 

vee nF ay shown that a thin suiting of tin on 
seed aine'na-olhceas tne te it, and tin, or tin- 
lead solder, peng Poage Sy nF -nglamnctndyy 
the edges of motor-car body ny Two methods of 
applying tin locally to s are being investigated, 
namely, brushing with a of powdered tin followed 
by wiping with the application of a torch, or brush- 





electroplating. 


it has been difficult to assess the value, in service, of 
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AUTOMATIC, CAMSHAFT-GRINDING 
MACHINE. 


Tue No. 2 “Cam-o-Matic,” which is shown in the 
accompanying illustration, has been introduced re- 
cently by the Norton Company, Worcester, Mass., 
U.S.A., and Messrs. Alfred Herbert, Limited, Coventry, 
are the agents in this country. The machine is hydrau- 
lically controlled and entirely automatic in operation ; 
it has been designed for rough and finish grinding 
of the cams and eccentrics on camshafts, particularly 
motor-car engine camshafts. After the machine has 
been set up, the operator has only to load a rough 
camshaft between centres, initiate the automatic 

le by moving a lever, and remove the camshaft at 
the end of the cycle. Automatic operation includes the 
dressing of the grinding wheel between cycles. Thus, 
one operator can readily attend two or more machines. 
Typical production rates for finish grinding, removing 
up to 0-012 in. of stock on the diameter, are 22 to 24 
four-cylinder camshafts per hour, and 16 to 18 six- 
cylinder camshafts per hour. Rough grinding can be 
done at approximately the same rate by increasing the 
wheel oS ggg 

The principal of the machine are the bed, the 
grinding-wheel head, and the work-table, which 
traverses longitudinally on the bed and carries the 
camshaft-driving gear and a rocking bar or subsidiary 
bed which supports the camshaft. The several move- 
ments required in the grinding of a camshaft are as 
follows: periodic longitudinal movement of the cam- 
shaft to bring each cam in turn opposite the grinding 
wheel, rotation of the cams during grinding, 
rocking of the camshaft towards and away from 
the grinding wheel to generate each cam, forward 
feed of the grinding wheel as metal is removed, 
and a reciprocating movement of the grinding wheel 
along its axis to ensure that the wheel “sweeps” 
the surface of the cam during grinding. There are also 
subsidiary movements for returning the work-table to 
the loading position, and for dressing the grinding wheel 

The camshaft is placed between centres in the 
rocking bar, and the cycle of operations is initiated by 
moving a lever. The table moves longitudinally into 
position for grinding the first cam, bringing a master 
cam into contact with a master-cam roller, both of 
which, together with a rocking-bar shifting mechanism, 
are housed in the box-shaped unit at the left-hand end 
of the table. The master-cam spindle is coupled to the 
workpiece, and both begin to rotate simultaneously ; at 
the same time, the forward feed of the reciprocating 
grinding wheel commences. After the cam has 
rapidly rough ground, the speed of rotation of the 
workpiece gradually decreases, ensuring a fine finish 
to the required size. A counting device gives a pre- 
determined number of revolutions of the camshaft in 
contact with the wheel, after which the rocking bar 
tilts backwards sufficiently to clear the work from the 
wheel, and the master cam from the master-cam roller. 
The table then moves longitudinally to locate the 
master-cam roller against the second master cam, and 
to bring the second cam on the workpiece opposite the 
grinding wheel. During this stage, rotation of the work 


is stopped to prevent any shock when the roller and | gear 
master 


cam make contact. The cycle continues until 
every cam and eccentric on the s has been ground, 
the counting device ensuring consistent . The 
longitudinal movement she table is po ager Sing 
the loading position. iprocation of the grindi 
wheel and rotation of the work cease automatically, and 
the work-table traverses slowly while the wheel is 
dressed by two passes of a diamond tool, which is 
clamped to the rocking bar. The effect of removing 
some of the wheel face is compensated by an automatic 
adjustment of the wheel setting. In the meantime, the 
operator changes the workpiece. At the end of each 
grindi tion the cam always leaves the wheel 
at the nose, so that no mark is left on the cam profile. 
The machine can be stopped at any time during the 
cycle, and any particular cam can be ground inde- 
pendently of the others. 

The machine is entirely self-contained, and is driven 
by four electric motors. The wheel spindle is driven 
by a 74-h.p. motor with direct V-belt transmission. 
A variable work-speed range is provided by a 14-h.p. 
electronically-controlled motor. The lubriceting and 
hydraulic systems are driven by a 2-h.p. motor, and 
a }-h.p. motor drives the coolant pump. The cast-iron 
bed of the machine is of box construction and contains 
the hydraulic-fiuid and coolant tanks. The bearing 
surfaces carrying the work-table are protected by 
ribbon steel strips to prevent the ingress of grit and 
other foreign matter. The controls are conveniently 
situated on panels at the front of the bed. Oil for the 
hydraulic system is pumped from the tank in the bed 
to control valves which govern the actuation of the 
rocking bar, wheel-spindle reciprocation, wheel feed 
and table-traverse mechanisms. The hydraulic system 
is arranged so that any oil which seeps from the mechan- 


ism drains back into the tank, and the motor and pump 
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are situated externally at the side of the base where 
they are convenient for maintenance. 

The work-table is actuated hydraulically during the 
automatic cycle, and a handwheel is provided for 
setting up. The indexing of the table for each cam 
position is achieved by a series of dogs, which, on 

ing contact with a lever, actuate a valve controlling 
a hydraulic cylinder beneath the table. Two speeds 
of table traverse are provided: rapid, for movement 
between grinding positions, and slow, for wheel dressing. 
The camshaft is driven between centres by a ial 
dog which locates the cam profiles correctly in relation 


been | to the master cams, and steady rests with carbide shoes 


support the workpiece at each bearing journal. The 


steady rests, tailstock, and wheel-dressing device (which 
incorporates a micrometer adjustment to compensate 
for wear of the diamond), are mounted on the rocking 
bar. 


The grinding-wheel unit is self-contained, with the 
motor mounted on the wheel slide. The wheel spindle 
runs in hard-bronze bearings. A hydraulic compen- 
sator, situated on top of the wheel-spindle housing, 
moves the wheel slightly forward after dressing. The 
electronic control gear for work-speed rotation, switch- 
and solenoids are contained in a steel cabinet at 
the rear of the machine. The machine is built in three 
sizes, with capacities between centres of 26 in., 30 in. 
and 40 in., all having a 5-in. swing. The maximum 
lift of cams ground is ? in., and the master-cam spindle 
will accommodate 26 master cams. It is therefore 
possible to have sets of master cams for two six-cylinder 
camshafts permanently in the machine, and ready for 
instant use by resetting the master-cam roller. Any 
difference in spacing of the cams on the two camshafts 
is allowed for by shifting the table dogs, and this can be 
effected quickly by using a sheet-steel template. 





RAILWAY TRAFFIC-CONTROL ROOM, CREWE.—A new 
and improved traffic-control room has been opened at 
Crewe, on the London Midland Region, British Railways. 
All train movements in the Region, between Euston and 
Carlisle, which involve approximately 1,000,000 train 
miles a week, over 2,400 miles of line, are controlled from 
this room. It is equipped with 27 desks, 21 of which 
are provided with keyboards, each having a capacity 
for 36 control circuits and 10 railway exchange lines. 





RoyaL AERONAUTICAL SOCIETY CHARTER SCHOLAR- 
sHiIp.—A Charter Scholarship has been inaugurated 
recently by the Royal Aeronautical Society. It will be 
awarded annually and will have a value of 3001. a year, 
its purpose being to assist a student wishing to undertake 
advanced work or study in aeronautics. It will be 
awarded, in the first instance, for one year, but may be 
extended to a second year. Students wishing to apply 
for the scholarship should write to the secretary of the 
Society, 4, Hamilton-place, London, W.1, not later than 
June 30, stating the course they intend to follow, and 
giving particulars of their age and of any examinations 
taken by them. 











CNEINLERING 


TESTING TOWER FOR HELICOPTER 


ROTORS. 


Durtne the early stages of the development of 
helicopters by the Bristol Aeroplane Company, Filten 
House, Bristol, it soon became clear that some means 
should be provided for testing rotor hubs and blades 
independently of the aircraft. The usual method 
of testing on the helicopter has several disadvantages, 
the foremost being the proximity of the rotor to the 
ground, which affects the flow of air through the 
blades and renders the performance figures unre- 
presentative. Other disadvantages are the incon- 
venience and delays caused by having to wait for 
the completion of the aircraft before rotor-testing can 
start, the difficulty of fitting recording instruments, and 
the risk of damaging the aircraft by failure or faulty 
behaviour of the rotor. To overcome these difficulties, 
it was decided to build a testing tower, and after the 
approval of the Ministry of Supply had been obtained, 
a tower of sufficient height was constructed to allow the 
largest rotor contemplated to operate above its “ ground 
cushion.” 

A photograph of the completed tower is reproduced 
in Fig. 5, on 588, while a drawing showing the 
general arrangement of the structure is reproduced in 
Fig. 1 opposite. The tower has been designed to take 
rotors up to 70 ft. in diameter, and the vertical distance 
from the ground to the centre of the rotor is 50 ft. 
The oo range is from 50 r.p.m. to 750 r.p.m., the 
actual speed of testing depending, of course, on the 
rotor, while the maximum permissible rotor lift is 
15,000 Ib. At present indicators are provided for 
measuring the lift and speed of the rotor, the power 
input, the horizontal out-of-balance forces at the hub, 
the reaction of the blades on the pitch-control levers, 
and the collective-pitch setting, the readings of most 
of the instruments being recorded by a continuous- 
film camera. 

The general construction of the tower will be 
apparent from Fig. 1. The foundations consist of a 
reinforced-concrete platform, hexagonal in plan, 
and provided with six arms which extend radially, the 
platform having an overall depth of 8 ft., of which 2 ft. 
is below ground level. The tower is supported by a 
pylon consisting of four legs which straddle the power 
unit, the lower ends of the legs being embedded in the 
foundation while the upper ends terminate in a spherical 
seating in which rests the base of the tower. The body 
of the tower is in the form of a column having a diameter 


of approximately 3 ft. and a length of 25 ft. It is of 
built-up construction, havi internal longitudinal 
stiffeners and transverse diaphragms, the centre 


diaphragm supporting a bearing which steadies, and 
takes the weight of, the driving shaft. The base of the 
tower is held within its spherical seating by a ring of 
spring-loaded bolts and the tower is held upright by 
six sets of guy ropes which extend from the top of the 
tower down to the radial arms of the foundation block. 
Both ends of each guy rope, however, are fitted to the 
tower body and the loop thus formed passes round a 
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half-pulley anchored to the foundation block, the 
anchorage being arranged so that the tension in the 
ropes, and therefore the natural frequency of the 
system, can be varied. Vibration of the cables is 
restricted to the fundamental mode by restraining 
them with light, but stiff, frames which have the effect 
of transforming the cables into linkages. The minimum 
frequency of the tower is about one cycle per second, 
@ condition which approximates most nearly to free 
flight and in which the majority of running is carried 
out. Higher frequencies, however, may be obtained in 
order to simulate undercarriage resonance or other 
conditions. 

The upper structure is conical, having a height of 
approximately 8 ft., and is bolted at its base to the 
top of the tower body, an access and observation 
platform being fitted to the cone some 4 ft. below the 
rotor. The cone contains the final drive shaft or 
rotor axle; this is distinct from the main drive shaft, 
which terminates at the top of the tower body. The 
rotor axie is located radially by plain bearings and is 
connected to the main drive shaft by a universal joint 
which can transmit torque but not end thrust. The 
axle may be considered, therefore, as being free from 
the main shaft and when stationary, or running under 
conditions of zero, or negative, lift, its weight and that 
of the rotor is taken by a ball thrust race. The up 
end of the axle is splined so that it can be fitted with 3 
variety of mounting rings to suit different types of 
rotor assemblies. © upper end of the axle, the hub 
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mounting ring and a typical rotor hub can be seen in 
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the drawing reproduced in Fig. 4, where they are 
lettered a, b and c, respectively. Fig 4 also shows, in 
diagrammatical form, the mechanism for changing the 
collective pitch of the rctor arms. The tripod d, 
which is bolted to the roter hub c, supports the upper 
end of a standard aircraft actuator e. The lower end 
of the actuator is connected to the spindle f, which is 
Iceated by, but free to move axially within, the 

ings gandh. The pitch-control spider j is fitted to 
the upper end of the spindle f, so that any movement of 
the actuator is transmitted automatically to the spider, 
thereby altering the collective pitch. The position cf 
the actuator is indicated by a Desynn transmitter ; 
this is not shown in Fig. 4 but can be seen in the photo- 
graph reproduced in Fig. 6, on page 588, which is a 
general view of the hub assembly and collective-pitch 
control. 

The rotors are driven by a vertical-spindle direct- 
current motor arranged below the pylon. The 
motor is compound wound and is rated at 700 horse- 
power maximum continuous output which can be 
developed at the maximum s of 680 r.p.m. down 
to 180 r.p.m.; if required, however, it can develop 
over 1,000 horse-power. On starting, a high resistance 
is placed in series with the armature, the resistance 
being removed progressively until a speed of 170 r.p.m. 
is reached after which the power is controlled by 
varying the field strength. The armature is supported 
by a water-cooled Michell thrust-bearing located on 
top of the motor housing and the motor is ventilated 
by an independent fan. 
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In order to give protection against rotor 


t rotor breakage, 
a circular screen of heavy steel netting is supported 
from a ring of wire-braced pylons pin-jointed at their 


feet. The diameter of the netting is 84 ft. and the 
structure is designed to absorb the test amount of 
energy likely to be stezod in a rotor le which leaves 


the hub. The height of the net above the ground is 
adjusted by hand winches, one for each pylon, and it is 
comparatively simple to move the screen into the 

robable path of debris thrown by any type of rotor. 

e control room at the foot of the tower is protected 
from fragments which might rebound from the net b 
a layer of steel fabric stretched 1 ft. above the oe 
As the driving motor is compound wound, there is no 

r of excessive speed due to a sudden removal 
of the load. 

As previously mentioned, means are provided for 
measuring the speed and lift of the rotor, the power 
input, the horizontal out-of-balance forces at the hub, 
the blade pitching moments and the collective-pitch 
setting. The method employed for measuring the lift 
is shown diagrammatically in Fig. 2. It has been men- 
tioned already that, when stationary, or running under 
conditions of zero or negative lift, the weight of the 
axle and rotor is taken by a ball-thrust race; this is 
lettered k in Fig. 2. When, however, the lift exceeds 
the weight of the axle and rotor, the upward force is 
taken by the taper-roller thrust race 1, which is fitted 
to the member m. This member pivots about a 
fulcrum and the load is transferred, therefore, to the 
strain gauge n, the force applied to the strain gauge 
being determined by a cathode-ray oscilloscope. 
The horizontal out-of-balance force recorder may be 
considered as forming part of the housing for the upper 
of the two vertical bearings which support the rotor 
axle. A diagrammatic arrangement of the recorder is 
reproduced in Fig. 3. The upper bearing, which 
is lettered o, is held by the springs p so that the strain 
gauge q is placed under tension. Although only 
one strain gauge is shown in the diagram, actually there 
are two gauges and associated springs at 
90 deg. to each other in the horizontal plane; one of 
the gauges and its associated springs can be seen at the 
bottom of Fig. 6. Each pair of springs is adjusted to 
place a permanent tensile load of 1,000 lb. on the gauges, 
so that any out-of-balance force causes cyclic variations 
in the tensile load, the fluctuations being indicated 
by two cathode-ray oscilloscopes. Lateral movement 
of the axle is restricted to a definite limit by the 
edge of the clearance hole through which the axle 
emerges from the top plate r of the upper structure. 
The speed of the rotor is measured by a small generator 
driven directly from the main motor, and the power 
absorbed is determined by measuring the input and 
referring to the efficiency curves of the motor. 

The blade pitching moments require to be measured 
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of a single-valve oscillator 

and s i the slip-rings. The output of 

parte elie through a further slip ring to an 
scl mee 


amplifier, a limiter and a di stage, the output 
Se ee er near on eae 
indicator cali directly in lb.-in. The 


amplifiers are connected h a coupling 
condenser to a single cathode-ray tube for observation 
of flutter, a four-position switch enabling the cathode- 
ray tube to be connected to any single amplifier or to 
all three together. The long- and short-term stabilities 
i igh, the drift over two hours 
being not more than 10 Ib.-in. 
In order to observe the track of the blades, small 
metal mirrors are fitted to the blade tips and 
so that they are visible to an observer on the tower 
platform, two of the mirrors being coloured by trans- 
parent lacquers and the third left plain. i 
rotation, the light from a powerful lamp is 
towards the mirrors, and this has the effect of jucing 
coloured reflections in the tip paths which can be 
identified and their relative heights estimated. 
Obviously, the effect is enhanced by a dark background; 
a dull-black screen has been fitted to the protective 
netting, therefore, and graduations painted on it enable 
the differences in the heights of the tips to be assessed 
and general changes in coning angle to be measured. 
When obtainable, solar reflections have been found to 
be superior to reflections from a lamp, and this variation 
of the method has been used successfully in free flight. 
In general, the tower and its associated equipment 
has proved satisfactory. The method of s i 
the armature of the driving motor, however, gives 
rise to high static friction and the voltage which has 
to be applied to overcome this, uces a higher 
starting acceleration than is desirable for some rotors. 
Arrangements are being made, therefore, to fit a small 
serve motor provided with a free-wheel for over- 
coming the static friction; the servo motor will 
also provide means for inching the rotor during adjust- 
ing the collective 
but obviously it is desirable 
that provision should be made for varying the cyclic 
pitch. Conventional cyclic-pitch change, however, 
serves only to tilt the blades without inducing fluctuat- 
ing stresses in them. are being considered, 
therefore, for making rapid changes in the collective 
pitch of the blades at frequencies of the order of twice 
the rotor speed. Another refinement which it is hoped 
to incorporate in the near future is a friction brake, so 
* ~_ stopping time can be reduced. 
foregoing description of the testi it is 
Meisl an Ono Taylee, of the Bristel 
Aeroplane Company, Limited, entitled “The Design 
and Development of the Helicopter Rotor Testing 
Tower,” which was published in the May Journal of the 
Royal Aeronautical Society. 





THE DE HAVILLAND AERONAUTICAL TECHNICAL 
ScHooLt.—The 2ist anniversary of the formation of the 
de Havilland Aeronautical Technical School is being 
celebrated this year, the school having been founded 
in 1928. The occasion has been marked by the publica- 
tion of a special issue of the school’s journal, Pylon, 
which contains many interesting articles, including one 
setting out the history of the school and another, entitled 
“* How the de Havilland Spirit Grew,” which was written 
by Geoffry Dorman, and traces the growth of the de 
Havilland Aircraft Company, Limited. 
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PERSONAL. 


PROFESSOR E. C. BULLARD, M.A., D.Sc., F.R.S., who 
has occupied the Chair of Physics in the University of 
Toronto, Canada, since 1948, has been appointed to 
succeed Stk CHARLES DARWIN, M.A., Sc.D., F.R.S., as 
Director of the National Physical Laboratory. 

Sm RonaLp GaRRETr has been re-elected chairman 
of the General Committee of Lloyd’s Register of Shipping, 
71, Fenchurch-street, London, E.C.3, for the ensuing year. 
Sm PxHitie D’AMBRUMENIL has been re-elected deputy 
chairman and treasurer. Mr. K. R. PELLY has relin- 
quished the position of deputy chairman and chairman 
of the Sub-Committees of Classification and is to be 
succeeded by MR. HENRY BaRRAcLOUGH. Mr. Pelly, 
however, remains a member of the General Committee. 

Lr.-Co. Sm ALAN H. L. Mount, C.B., C.B.E., who, as 
stated on page 514, ante, is retiring from the position of 
Chief Inspecting Officer of Railways, Ministry of Trans- 
port, on July 31, has been appointed consultant to the 
Railway Executive on matters concerned with safety 
measures for British Railways. Sir Alan Mount will 
take up his new duties on August 1. 

Dr. Maurice Coox has been re-elected President of 
the Institution of Metallurgists, 4, Grosvenor-gardens, 
London, S8.W.1, for the ensuing year. 

Mr. D. A. SHEPARD, chairman of the Anglo-American 
Oil Company, Limited, 36, Queen Anne’s Gate, London, 
S.W.1, since 1945, has resigned to take up the position of 
executive assistant, in New York, to the President of the 
Standard Oil Company (New Jersey). Mr. R. A. 
CaRDER, managing director of the Anglo-American Oil 
Company since 1939, has been appointed chairman and 
Mr. LEONARD SINCLAIR has been appointed an additional 
mapaging director with Mr. Carder. Mr. H. W. Pace, 
executive assistant to the President of the Standard Oi) 
Company (New Jersey) has been made a director of the 
Anglo-American Oi] Company. 

Mr. R. Smrru, of Edinburgh, has been elected President 
and Major J. L. D#umMonD, of Dumfries, vice-president. 
of the Electrical Contractors’ Association of Scotland. 

Mr. DonALD McCULLouaH has been appointed public 
relations adviser to the Federation of British Industries, 
21, Tothill-street, London, 8.W.1. 

Mr. S. B. HaInswortu, managing director of Messrs. 
J. H. Fenner and Company, Limited, and associated 
companies has been appointed chairman of the Associa- 
tion of Solid Woven Belting Manufacturers. 

Proressor R. J. SaRJANT, who occupies the Chair of 
Fuel Technology at the University of Sheffield, has been 
made chairman of the Sheffield panel of the Shell-Type 
Boiler and Firing Equipment Committee of the British 
Coal Utilisation Research Association. 

Mr. L. W. BALDWIN has been appointed export mana- 
ger to Messrs. Simplex Electric Company, Limited, 
Broadwell, Oldbury, Birmingham. 

Mr. G. E. Savory, B.Eng., A.M.I.Mech.E., has been 
appointed sales director to Ruston-Bucyrus, Limited, 
Excavator Works, Lincoln. The firm also announce that 
the address of their London office is now 95, Aldwych, 
W.C.2. (Telephone : HOLborn 7197/8 and 9, and 7190.) 

Mr. F. C. SELLENS, A.M.I.E.E., generation engineer 
(construction), London Division, British Electricity 
Authority, is retiring on June 30. 

Mr. P. S. Barton, who has held the position of south- 
ern area manager of Benjamin Electric Limited since 
1936, has now relinquished it on appointment as general 
sales manager to Courtney, Pope (Electrical), Limited. 

Mr. M. Pryce, who was, for a number of years manager 
of the instrument and gauge department of Messrs. 
E. H. Jones (Machine Tools) Limited, has been ap- 
pointed sales manager of the precision tool department 
of Messrs. Brooks and Walker, Limited, 41, Dockhead, 
London, 8.E.1, sole concessionaries for the Horstmann 
Gear Company, Limited, Newbridge Works, Bath, and 
Messrs. C. A. Gray, Vernier Works, Bishop’s Stortford. 

Mr. R. A. Samson, A.M.I.E.E., has been appointed 
district commercial officer, Southern Sub-Area, Green- 
wich District, London Electricity Board. : 

THE ROCKWELL MACHINE TOOL CoMPANY, LIMITED, 
Rockwell House, Second Way, Exhibition Grounds, 
Wembley, Middlesex, have acquired the sole selling 
rights, for the United Kingdom, for the Sentinel 25-ton 
power press manufactured by SENTINEL (SHREWSBURY), 
Lirrep, Shrewsbury, Shropshire. 

As from August 1, 1948, the Basingstoke vehicle- 
manufacturing business of Messrs. Jonn I. THORNY- 
CROFT AND COMPANY, LimiTep, Thornycroft House, 
Smith-square, London, S.W.1, has been operated as a 
separate wholly-owned subsidiary company, namely, 
TRANSPORT EQUIPMENT (THORNYCROFT), LIMITED. 
The above was announced in the “ Personal ” column in 
our issue of June 25, 1948, page 610. We now learr that, 
as from July 31, 1949, it has been decided to incorporate 
in the new organisation the firm’s home sales organisation 
for vehicles, marine and industrial motors except complete 
motor boats, the Reading marine motor works and the 
home service branches in London, Birmingham, Cardiff, 
Glasgow, Leeds, Manchester and Newcastle. 


























JUNE 24, 1949. 


ENGINEERING. 


-587 








NOTES_FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—Some misgivings regarding prospects for 
the steel trade in view of developments in American 
economic circles are being felt. It was pointed out last 
week, by Mr. A. K. M’Cosh, chairman of Bairds and 
Scottish Steel, Limited, that conditions may well change 
for the worse during the current year. On the other 
hand, it is also contended that the home market is 
heavily contracted for many years ahead and that the 
trade is less vulnerable to intensive competition in over- 
seas countries for this and other reasons. In the mean- 
time, production of steel and pig iron is being maintained 
at recent high levels. Raw materials are in ample 
supply, and although the period for overhaul is fast 
approaching, plant is functioning satisfactorily despite 
the continued strain to whieh it is being subjected. 
Re-rollers are better supplied with billets, slabs, and 
sheet bars than they have been for some time. Smaller 
bars and angles are in leas demand from home consumers, 
but overseas buyers readily take up any tonnage available. 
The supply of sheets, both plain and galvanised, shows 
no sign of becoming equal to the demand. 

Scottish Coal.—Weekly outputs show no improvement 
on the recent average of about 475,000 tons. Individual 
performances by the miners remain static, while recurring 
strikes are having a deleterious effect on production. 
Most of the stoppages arise from trifling disputes and a 
settlement is generally reached in a day or two, but the 
aggregate loss is considerable. Coke-oven operators are 
suffering, because an undue proportion of coking coal 
has been lost through strikes and idle days resulting from 
an unusually large number of fatal accidents, and distri- 
butors are now giving special attention to the problem 
of ensuring adequate supplies for the holidays next month. 
Round coal shows no margin, but house-coal dispatches 
are equal to the allocation figures. The railways appear 
to have sufficient fuel for their immediate requirements, 
but extra tonnages may be necessary later for holiday 
traffic. The moderate deliveries to gasworks suffice for 
present needs. Industrial coal is short in places, but 
consumers are displaying no anxiety. The export trade 
is handicapped by the unsatisfactory colliery production. 
Bunkers are very steady. During May, shipments of 
foreign, Admiralty, and trawler bunkers totalled 67,871 
tons, against 68,770 tons in April, making the aggregate 
for the five months 313,084 tons. 





NOTES FROM CLEVELAND AND 


THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel producers are clear- 
ing their heavy outputs as rapidly as possible as the 
delivery of tonnages allocated for supply over the second 
quarter of the year will have to be re-authorised if not 
completed this month. Buyers are anxious to arrange 
for supplies of many commodities over the new allocation 
pe » but the volume of new business passing is not 
very extensive as producers are not inclined to add to 
their heavy commitments. The output of Cleveland 
ironstone is not yet sufficient for the users’ requirements 
but imports of foreign iron ores are substantial and 
increasing. The large supplies of iron and steel scrap 
from home sources and from Germany are most acceptable. 
Consumption is on a very large scale but the tonnages 
now available have enabled users to augment their 
depleted stocks. Very little of the pig iron produced on 
Tees-side is available for the market, as the makers’ 
own consuming plants are absorbing the bulk of the 
output. A welcome development, however, is the in- 
creasing supply of pig iron from other producing districts. 
At the same time, however, while blast-furnace products 
are becoming less scarce, the shortage still necessitates 
the liberal use of scrap at the foundries. 

Foundry and Basic Iron.—The ordinary foundry pig- 
iron required for use at North-East Coast works is 
unobtainable, except from distant producing centres ; 
none has been produced on Tees-side for a considerable 
time and consumers are compelled to make extensive 
use of cast-iron scrap. All the basic-iron output con- 
tinues to be promptly absorbed at local steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—East 
Coast hematite buyers are still finding difficulty in 
securing adequate deliveries for their needs and supplies 
of low- and medium-phosphorus blast-furnace products 
are readily taken up. Manufact; of refined iron are 
finding no reduction in the dana tor their products. 

Manufactured Iron and Steel.— Bookings for the various 
descriptions of semi-finished and finished iron are keeping 
the makers busily occupied and the requirements of 
customers are expected to provide for great activity 
during the second half of the year. Parcels of all types 
of semi-finished steel reaching the re-rolling mills are 
large but better supplies of sheet bars and small billets 
would “be ‘very acceptable. Finished-steel products 
continue in request. There is a continuous demand for 
maximum deliveries of plates, rails, joists and sections. 








NOTES FROM THE SOUTH-WEST. 

CaRpirr, Wednesday. 
The Welsh Coal Trade.—Standing orders have produced 
good activity on the Welsh steam-coal market throughout 
the past week. As a rule, all collieries had enough 
trade in hand to ensure the regular movement of coals 
from the pithead, while their forward bookings make it 
clear that there is no likelihood of an improvement in the 
present supply position. Because of existing commit- 
ments, little headway could be made with new inquiries, 
which continue to come in steadily ; what coal there is 


to be placed is quickly taken up. Customers at home | *’ 


are still anxious to take all available supplies. The 
current consumption by the leading iron and steel makers 
is still high and the public-utility undertakings are 
taking large deliveries for immediate use and also for 
stocking. The position of the export market shows 
little change and while inland requirements are so heavy 
it is not anticipated that any extra volume of trade will 
be possible with overseas markets at present. Agreed 
business is being steadily executed and this month’s 
deliveries to most of the countries sharing in the export 
programme have been usually up to schedule. Arrange- 
ments for July quotas are in hand, calculations being on 
about the same basis as for June. The Portuguese 
railways and some of the other public utilities there are 
indicating that they are well placed with coals, which 
may result in quieter shipments next month for these 
customers. The supply of bunkers is very restricted and 
operators find it diffieult to maintain full supplies for 
vessels calling at the ports to coal. Patent fuel and 
cokes continue to move away steadily. 

Swansea Steel-Sheet Indusiry.—The market report 
issued by the Incorporated Swansea Exchange, states 
that, last week, the demand for tin-plates was strong 
and that home consumers placed several orders for deli- 
very during Period 3. The works are busy and are 
maintaining the production at a good level. The export 
market remains quiet, as makers have little to spare 
after satisfying home requirements. Steel sheets 
continue to be in demand, and, as makers are heavily 
committed for some months ahead, new business is 
difficult to negotiate. There is little, if any, relaxation 
in the call for supplies of iron and steel scrap and most 
consumers are eager buyers of the heavier and better 
qualities. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—A steady flow of materials to the steel- 
melting plants is providing sufficient steel for most 
requirements, but there are still scarcities of specific types 
of steel, such as high-carbon, the demand for which has 
been in excess of the supply formany months. Gradually 
the scarcity is being reduced. Users of high-carbon 
steel sheets and bars are receiving rather better deliveries 
in some cases. Rolling mills and forges are making the 
best use of available labour and are overcoming the earlier 
shortage of slabs and billets. The electric melting fur- 
naces are well occupied. Stainless steel is extensively 
sought and there is a strong demand for magnet steels. 
Makers of engineers’ small tools are very busy on home 
account, and are retaining a fair share of export trade. 
The demand for edge tools continues and the loss of some 
foreign trade is giving an opportunity for clearing off 
some old arrears on home account. There is no lack of 
orders in colliery-engineering works in spite of the 
present prices, which are rather forbidding. In the 
lighter industries, good progress has been made in rebuild- 
ing the factories damaged during the war period ; care 
has been taken to provide improved lighting and ventila- 
tion and facilities for meals and recreation. Shortage of 
women workers has been largely overcome by recruitment 
in the neighbouring mining villages and the provision of 
special *bus services for transport to and from the 
Sheffield factories. 

South Yorkshire Coal Trade.—Gradually the production 
of coal on a more satisfactory level is being achieved. 
The labour problem is being partly solved by the drift 
back to work in the mines of ex-miners giving up jobs in 
other industries. In the North-Eastern Division, 
between 200 and 300 ex-miners are seeking jobs each 
month in Yorkshire pits. It is likely, also, that more 
juveniles will be found employment in the mines this 
year. At the same time there has been a considerable 
decline in the number of trainees at adult residential 
training centres. The demand for coal is heavy. In- 
sufficient prime steams are available to provide all the 
coal required for shipment abroad. Locomotive hards 
are in good request, and the demand for industrial 
steams is strong. Coking coal is also actively sought. 
House coal is experiencing a seasonal slackness, but steps’ 
are being taken to build up reserves for the winter. 








“ A REVIEW OF DIMENSIONAL ANALYSIS ”: ERRATUM. 
—In Table I, om page 533, anie, the dimensions for 
“angular stiffness”, printed erroneously as MLT~*, 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, June 27, 7.30 p.m., Mines 
Department, The University, Leeds. ‘“‘ Mining Engineer- 
ing,” by Professor J. T. Whetton. 

Iron AND STEEL InstiTuTE.—Tuesday, July 5, 
5.30 p.m., 4, Grosvenor-gardens, Westminster, S.W.1. 
The Martensitic Transformation,” by Dr. Morris Cohen, 
Professor of Metallurgy, Massachusetts Institute of 
Technology. 

INSTITUTION OF MINING AND METALLURGY.—Wednes- 
day, July 6, 5 p.m., Royal Institution, 21, Albemarie- 
street, W.1. Sir Julius Wernher Memorial Lecture on 
“The Effect of Impurities on the Properties of Metals,” 
by Dr. C. H. Desch. Thursday and Friday, July 7 and 8, 
10 a.m. to 5 p.m. each day, Royal Institution of Chartered 
Surveyors, 14, Great George-street, S.W.1. Symposium 
on “‘ The Refining of Non-Ferrous Metals.” 





CONTRACTS. 


Messrs. MaRoonr’s WIRELESS TELEGRAPH COMPANY, 
Liwtrep, Marconi House, Chelmsford, Essex, have 
received an order from the Indian Air Force for ten 
radio-beacon transmitters of the firm’s WB. 8-type. 
These have been specifically designed to meet conditions 
experienced in India and Africa and are claimed to fulfil 
all the requirements of medium-power aeronautical 
beacons operating in the 200 to 415 kilocycle per second 
band. The whole transmitter is enclosed in a cabinet 
measuring 6 ft. by 5 ft. by 2 ft. 6 in. 

Messrs. ASSOCIATED BrRiTIEH OIL ENGINES LIMITED, 
Duke’s Court, 32, Duke-street, St. James’s, London, 
S.W.1, have received an order, from the Cairns Regional 
Electricity Board, Australia, for three MmmRLEES HFS 8 
eight-cylinder turbo-charged engines rated at 1,320 b.h.p., 
at 375 r.p.m., for direct coupling to 920-kW alternators 
to be supplied by the BrusH ELECTRICAL ENGINEERING 
Company, LIMITED, on a separate contract. Among 
other contracts, orders have been received’ from the 
Alexandria Water Company, Limited, for one HFS 6 
six-cylinder turbo-charged engine rated at 996 b.b.p., 
at 375 r.p.m., and three HF 8 eight-cylinder engines 
rated at 880 b.h.p., for direct coupling to alternators, 
for Guadeloupe. 

Messrs. JoHN BROWN AND OOMPANY, LIMITED, 
Clydebank, have received an order from the Railway 
Executive for a train-ferry vessel of about 3,150 gross 
tons for the Harwich-Zeebrugge service. The vessel, 
which will be similar in design to the Suffolk Ferry, 
built by the same firm to the order of the London and 
North Eastern Railway in 1947, will be fitted with 
Sulzer Diesel engines, and will be capable of carrying 
58 standard freight wagons, or 36 of the largest type of 
ferry wagons. The Harwich-Zeebrugge service, which 
was inaugurated in 1924, is at present conveying annually 
nearly 100,000 tons of exports and imports in through 
wagons between this country and Italy, Hungary, Bel- 
gium, Czechoslovakia, France, Switzerland and Germany. 





TESTS ON THE SUTTON COLDFIELD TELEVISION AERIAL. 
—The sound and vision aerial system for the new Sutton 
Coldfield television station are now being tested at the 
Chelmsford works of Marconi’s Wireless Telegraph OCom- 
pany, Limited. The system consists of eight dipoles, 
which are supplied from the sound and vision trans- 
mitters through a combining unit. During the tests it 
has been loaded with 12-kW sound and 35-kW vision 
power. The dipoles are fitted with channelling to carry 
away the rain and this has been tested by playing water 
over the structure when the array is fully loaded with both 
sound and vision power. 





CoursEs ON Roap REsEARCH.—Lecture courses are 
to be resumed at the Road Research Laboratory, Har- 
mondsworth, West Drayton, Middlesex, during the 
autumn and winter of 1949-50. As in previous sessions, 
they will deal with the fundamental properties of road 
materials and their application te practice, and will 
include the results of recent research. Courses on soil 
mechanics, to last from 10 to 12 days, will commence on 
October 3 and December 5; courses on concrete, also 
to last from 10 to 12 days, will commence on October 17 
and January 2, 1950 ; and courses on tar and bituminous 
materials, to last from 14 to 17 days, will commence on 
October 31, and January 16, 1950. If sufficient entries 
are received the Laboratory will arrange also a short 
course for chief officers, covering the three above subjects 
intensively. This course will commence on November 21 
and will extend over five days. A fee of seven guineas 
will be charged for each course and forms of application 





should be ML®*T~*. 


can be obtained from the Director of the Laboratory. 
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TESTING TOWER FOR HELICOPTER ROTORS. 


THE BRISTOL AEROPLANE COMPANY LIMITED, FILTON HOUSE, BRISTOL. 
(For Description, see Page 584.) 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMreez Bar 3663 and 3664. 


All editorial co ence should be addressed 
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ues should be crossed “The National Provincial 
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or under, and 2s. per line up to one inch. The 
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If use is made of a box number the extra charge is 
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AN ELECTRICAL 
STOCKTAKING. 


Tue British Electricity Authority has now been 
in existence for some 15 months during which period 
its members and officials have been carrying out the 
great task of organising the supply of power on 
national lines in the face of considerable difficulties 
and in an atmosphere of comment, not always 
sympathetic. It is not surprising therefore that 
Lord Citrine should have devoted considerable 
space in his presidential address to the British 
Electrical Power Convention last week to an account 
of the progress that has been made. With one 
notable exception, the tone of this account was 
optimistic. This is natural. The transfer of the 
electricity supply undertakings from their previous 
ownership has been effected smoothly ; a system of 
negotiating salaries and wages is in operation; 
and transmission and distribution capacity are being 
increased as rapidly as facilities permit. Finance, 
both as regards capital expenditure and tariffs, 
presents problems. Undue perturbation about these, 
however, is unnecessary and the prospects of 
development are good. 

On the other hand, the shortage of rating 
plant is still extremely serious and, if the coming 
winter is severe, demand may exceed supply by no 
less than 2000 MW. Lord Citrine therefore insisted 
that steps must at once be taken to relieve this 
situation; and reiterated this demand in the 
presence of the Prime Minister at the annual dinner 


point is not new. It will be sufficient, therefore, to 
emphasise it by quoting the address to the effect 
that the prospect of our country ing econo- 
mically self-supporting by the time that Marshall 
aid is exhausted in 1952 depends, more perhaps 
than on any other factor, on the extent to which 
generating capacity can be increased. 

This statement of the position, however, must not 
be taken to imply that the nationalisation of 
electricity supply is occurring entirely without 
friction. It would indeed be surprising if that 
were the case. Contact has only to be made 
with individual members of the electrical industry 
to discover that there is a good deal of anxiety 
about the present course of events. To begin 
with, some of the employees of the. Authority 
and the Area Boards, aithough not perhaps a large 


of the Convention on Thursday, June 16. The | tid 


have been made. Manufacturers are a little un- 
happy about the powers which the Authority have 
acquired to produce plant (although it has been 
stated that these powers are protective only), while 
the contractors, possibly with more justification, are 
waiting in an atmosphere, not free from gloom, to see 


| | how the actions of the Area Boards with regard to 


wiring and the supply of domestic apparatus will 
afiect their businesses. These are matters which 
eannot be ignored. They should receive immediate 
and sympathetic consideration; as our contem- 
porary, The Electrical Review, has said: “If 
nationalisation is to fulfil the claims of its advocates 
the new authorities must gain and retain the 
goodwill and assistance of the other branches of 
the electrical industry.” 

The outstanding feature of the Convention, 
however, was the attention paid during its delibera- 
tions to the problems, not so much of the present 
as of the rapidly approaching future. Estimates 
indicate that within ten years the annual electrical 
output of the country will have risen from about 
46,500 million at present to 91,540 million kilowatt- 
hours and to 180,100 million kilowatt-hours in 1968. 
By far the greater part of this output will have 
to be obtained from coal-fired generating stations. 


596 |The principal questions to be decided are, there- 


fore, where these stations are to be sited and how 
the power from them can be transmitted to the 
centres of consumption most efficiently. A sub- 
sidiary, although not unimportant, problem is 
whether British manufacturers are in a position to 
supply plant capable of dealing with the conditions 
that these developments will impose. It is satis- 
factory to be able to report, as a result of the papers 
on switchgear, transformers and cables presented 
at the Convention by Messrs. B. H. Leeson, H. 8. 
Holbrook and T. R. Scott, respectively, that there 
need be no doubt about this; and that whichever 
policy is decided upon its fruition need neither 
be complicated, nor delayed, by difficulties of 
design or production. 

The question which remains for decision therefore 
is what that policy shall be. This question is, of 
course, primarily one for the engineers of the British 
Electricity Authority to answer. It was, however, 
dealt with at the Convention by Mr. T. G. N. 
Haldane, who confessed that he was unable to do 
more than make a broad a to it, since any- 
thing more detailed would have required data which 
so far are only available to the British Electricity 
Authority. As will be seen from the account of the 
discussion, which we give on page 593 of this issue, 
this hiatus was subsequently repaired to some 
extent. It remains nevertheless a matter of 
speculation why the duties of stating the problems 
and of propounding alternative solutions were not 
imposed upon the engineers of the Authority, 
although we agree that the time has not yet come 
when it would be possible, or even wise, to publish a 
cut and dried plan. 

Mr. Haldane’s proposal, as will be seen from the 
abridgment of his paper which we gave on page 559, 
ante, is briefly that a “ national *bus-bar,” operating 
at 300 kV, should be imposed on the existing 132-kV 
grid. In his view, such a ’bus-bar would lead to a 
saving in generating plant of some 1,400 MW by 
1958 and of 2,200 MW by 1968, compared with what 
would be necessary to operate the seven isolated 
systems. It would also lead to much greater 
operating flexibility and to economies in running 
costs. In fact, the benefits of such a national 
*bus-bar would be as great as those derived from 
spending the same amount of money on generating 
plant ; they might even be greater. 

The attitude of the British Electricity Authority 
to these proposals, as expressed by several speakers 
in the discussion, we are glad to say, is generally 
favourable. In fact, in many ways what was said 
substantially reinforced Mr. Haldane’s arguments. 
An important factor in this connection is the rela- 
tionship between the electricity supply and the coal 
industries, since, as we have said, it is upon this type 
of fuel that generation must largely depend. Mr. 
V. A. Pask pointed out that the existing 132-kV 
grid would probably be adequate until 1960, if the 
necessary generating plant could be installed near 
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the load centres. Whether this were possible, how- 
ever, would depend upon the price of coal and upon 
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transport conditions. It might, in fact, prove more 
economical to build the stations on those coalfields 
where production was cheapest and to transmit the 
power requirements, especially of the south, in the 
form of electricity rather than of coal. 

This point was emphasised by Mr. J. D. Peattie, 
who pointed out that the electrical requirements of 
the future would necessitate the consumption of 
47 million tons of coal in 1958 and of as much as 
90 million tons ten years later. It would be essen- 
tial, therefore, to ascertain whence these large 
quantities were to be obtained and at what cost. 
There were, for instance, good reasons why genera- 
ting plant should be concentrated in the East 
Midlands area, where the price of coal was well below 
the national average. It was indeed the general con- 
sensus of opinion that the time was a i 
when it would be cheaper to transmit electricity than 
eoal, a state of affairs which would mean a great 
change in our ideas regarding the siting of generating 
stations. Incidentally, the adoption of such a policy 
would not be without its effect on design, as it 
would give rise to difficulties with regard to cooling 
and would ps necessitate some sacrifice of 
efficiency. Upon this point, however, pessimism is 
probably premature, since, as is well known, this 
problem is already being investigated from more 
than one angle. 

Mr. Haldane based his arguments on the supposi- 
tion that the greater part of the country’s electrical 
needs would continue to be met by coal-fired 
stations. Mr. Pask’s and Mr. Peattie’s remarks 
depended on the same supposition. In fact, the 
possibility of alternative sources was scarcely 
mentioned although Lord Citrine, in his presidential 
address, stated that about 150 MW would be 
available from Scottish water-power schemes in 
1950 ; and also called attention to the experiments, 
which are being made with wind. It is clear, 
however, that, even at the present time, these 
alternatives can play but a small part in solving the 
problems and that when the maximum demand 
reaches 37,630 MW in 1968, to quote Mr. Haldane’s 
figure, their role will be still more insignificant. 
It is therefore important for the future of the electri- 
city supply industry, not only that ample coal shall 
be available, but that it shall be obtainable at a 
price which will enable the Authority to “ develop 
and maintain an economical of electricity 
supply ” as laid down in Section 1 of the Electricity 
Act, 1947. 

The virtual agreement upon the siting of genera- 
ting stations was not so evident when the question 
of the proper voltage to use on the “national 
*bus-bar” was considered. Mr. E. A. Logan con- 
tended that 400 kV rather than 300 kV should be 
chosen and that the fact that cables could not yet be 
made for the former voltage need not be a deterrent. 
In this view he was supported by Mr. R. M. Charley, 
while Mr. F. C. Winfield added that if we continued 
with 132 kV we should incur the criticism of pos- 
terity. On the other hand, Mr. D. P. Sayers 
sounded a note of pessimism by requiring more 
justification for the use of even 300 kV. Mr. C. W. 
Marshall also urged caution, saying that it might be 
a shattering experience to operate a 300-kV system 
during the first bad winter, as hazards due to climate 
were more insidious than those arising from light- 
ning. On the whole, however, boldness was in the 
ascendant and Mr. Haldane probably expressed the 
generally held opinion when he argued that it would 
be wise to adopt 300 kV at once and to avoid the 
use of an intermediate value such as the 200 kV, 
which had been suggested for Scotland. 

The satisfactory conclusion to be drawn from 
this discussion, which was well worthy of the 
occasion, was that the officials of the British Elec- 
tricity Authority are fully alive to the engineering 
problems with which they will have to deal before 
long. It is to be hoped that the result will be, as 
Sir John Hacking said, not so much to stimulate 
thought as to induce action. The Authority has, 
in fact, a chance, similar to that which was seized 
by the Central Electricity Board over 20 years ago, 
to exercise national resources and skill to produce a 
system which will not only meet the country’s need 
for power but to which it will be possible to. point 
with pride as another example of British engineering 
foresight. 








A ROAD PLAN FOR 
LANCASHIRE. 


By comparison with those of many other parts 
of England, the road system of Lancashire is of com- 
paratively recent growth. As recently as 1770, 
Arthur Young, in his tour of the north of England, 
observed of the road between Preston and Wigan 
that ‘I know not in the whole range of language 
terms sufficiently expressive to describe the infernal 
highway”; and the relatively slow development 
of Liverpool has been ascribed until the Nineteenth 
Century to the fact that it was cut oft from the rest 
of the country by the badness, or non-existence, of 
direct roads. Even when the evident need for 
better communications led to the passing of the 
numerous Turnpike Acts, Lancashire lagged behind ; 
and though progress was comparatively rapid when 
it did begin, the construction of canals, and then of 
railways, had the effect of retarding road construc- 
tion and improvement. As a result, no really 
co-ordinated system of main highways existed until 
well into the Nineteenth Century, and poor surfaces, 
with frequent bottle-necks, were still general at its 
close. The growth of motor traffic, however, has 
enforced frequent reconsideration of the county’s 
road problem on several occasibns during the present 
century, and the most detailed and comprehensive 
survey of all* is now available as a guide to the 
future planning of Lancashire’s highways. 

The Plan is the result of an instruction given to 
the County Surveyor in November, 1947, ‘to pre- 
pare and submit . . . a report dealing with (a) the 
existing road communications within the Adminis- 
trative County; (6) his rec dations with 
regard to improving road communications to 
expected future road traffic ; and (c) the estimated 
cost of the proposals, together with a recommended 

of works to be undertaken.” A few 
months later, a similar request was received from 
the Ministry of Transport ; but, the County High- 
ways and Bridges Committee having decided to 
await the observations of the various local authorities 
before considering the Plan themselves, it has as 
yet no official standing, but is merely a series of 
proposals for discussion. In any case, it is not 
intended to be accepted or rejected as an isolated 
and self-contained scheme, but is put forward as a 
part of a larger and more comprehensive plan for 
the economic development of the county. The 
estimates of cost have been based on the principle 
that the financial commitments involved should be 
known in advance over a period of 30 years. The 
funds likely to be available were estimated on the 
basis of the average expenditure per mile of the 
various classes of roads, as given in the returns of 
the Ministry of Transport, corrected for the density 
of population in Lancashire, the reduced purchasing 
power of the £ and the increased maintenance 
cost likely to result from the greater flow of traffic 
that an improved road system might be expected to 
induce. Taking all these factors into account, and 
excluding the national through routes which would 
be the direct responsibility of the Ministry of Trans- 
port, it was concluded that an annual expenditure 
of 4,550,000. would be reasonable, corresponding to 
136,500,0001. for the whole period envisaged. 

The proposed road pattern has been built up in 
three stages, or groups of traffic routes, designated 
respectively as First Group, Second Group and Third 
Group routes. The First Group comprises twelve 
so-called “‘ express” routes, including motorways, 
and is designed to meet the needs of long-distance 
through traffic and traffic moving from the main 
industrial centres to destinations outside Lanca- 
shire. Their aggregate length would be 217 miles, 
of which 94 miles would be motorways; all would 
have dual carriageways. Route 1, an entirely new 
road, would form part of the proposed National 
North-South Motorway from London to the North 
and would by-pass Warrington, Wigan, Preston and 
Lancaster, all of which would be served by connect- 
ing links; “the construction of this motorway 
through Lancashire,” the report states, ‘‘is con- 


* Road Plan for Lancashire. Produced for the Lanca- 
shire Highways and Bridges Committee by James D*ake, 
B.Sc., M.L.C.E., County Surveyor and Bridgemaster. 
Laneashire County Council, Preston. [Price 258.] 














sidered to be of the highest priority, a view which is 
shared by the Ministry of Transport.” Another 
entirely new road is Route 4, forming the western 
sector of the Manchester outer ring road and pro- 
viding direct access from north and south to the 
industrial area of Trafford Park. It would cross 
the Manchester Ship Canal by a high-level bridge. 

The other First Group routes would be from 
Route 1 at Carnforth to Barrow and the Lake 
District ; from Liverpool through east Lancashire 
to Yorkshire (being the Lancashire part of the 
National Route from Liverpool to Hull); from 
Liverpool through Preston to Leeds ; from Route 1 
at Preston to Manchester ; from Liverpool through 
Widnes to Cheshire and the South; from Route 5 
(Liverpool to Leeds) at Whalley through Burnley 
to Halifax; from Manchester through Bury and 
Accrington to Route 5 at Whalley; from Man- 
chester to Cheshire and the South ; from Manchester 
to Sheffield ; and the Lancashire portion of a road 
from Bradford to the Lake District. It is to be 
noted that, where new roads are required, they have 
been located, as far as possible, where they are 
likely to attract the greatest volume of traffic. 
The necessary links with adjacent towns, and 
between the First Group routes themselves, would 
be provided by the roads of the Second Group, which 
would be constructed as far as possible, for reasons 
of economy, by utilising and improving existing 
roads. The total length of the roads in the Second 
Group would be 408-6 miles, of which 190-7 miles 
would have dual carriageways and 17-2 miles would 
rank as motorways. They wouid include entirely 
new links from Blackpool and Morecambe to the 
North-South Motorway (Route 1), and, in general, 
would provide for many of the principal traffic 
movements beginning and ending within the county. 

The Third Group routes, the planning of which 
followed the determination of those of the Second 
Group, were those required to link the roads of the 
First and Second Groups with the smaller towns or 
to connect the main routes by ways of less import- 
ance than the Second Group category. It was 
found that they could be devised largely by using 
existing classified roads, the total length involved 
being 281-9 miles. Only 18-2 miles, however, 
would have dual carriageways. Their layout having 
been decided upon, it was then possible to proceed 
to the fourth stage of the planning, namely, the 
estimation of the ultimate traffic and its redistribu- 
tion, where necessary, from the existing road system 
to the proposed system. The assessment of future 
requirements was based on the assumption that the 
ultimate density of traffic would be twice that of 
1938, as ascertained by the traffic census taken in 
that year and supplemented by additional informa- 
tion obtained in 1946. 

Finally, the probable future traffic densities hav- 
ing been computed, the necessary widths and types of 
roads could be determined and, on that basis, the 
costs of construction and maintenance could be 
calculated ; these were found to agree fairly well 
with, or, at least, not to be greatly in excess of, the 
funds previously estimated to be available. Gener- 
ally, the plan provided for a three-lane carriageway 
on the majority of the roads not requiring to have 
dual carriageways. The aggregate mileage of the 
First, Second and Third Groups amounts to 907-5 
miles, as compared with 1,188-55 miles of trunk 
roads and roads of Classes I and II in the existing 
system. Rather more than one third of the mileage 
of grouped roads would consist of proposed new 
roads, and a little more than half of the existing road 
mileage would be incorporated in the grouped 
system. About 603 miles of the existing roads 
(trunk, Class I and Class IT) would not be included 
in the new system, and it was considered that these 
would gradually decrease in importance, their future 
use becoming more and more local in character. 
All unclassified roads, except 5} miles, and all 
Class ITI roads except 10 miles, areexcluded from the 
new scheme. The existing traffic on these roads is 
mainly local, and they are little used for through 
traffic. The report is liberally illustrated with 
maps, diagrams and reproductions of photographs, 
and goes into considerable detail on such points as 
the design of junctions and intersections, and the 
policy to be with regard to bridges, of which 
there would be 620, 275 being new structures. 
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NOTES. 

SuMMzR MEETING OF THE WuITwoRTH SocrETy. 

Ir is the traditional practice of the Whitworth 
Society to hold a summer meeting and an annual 
dinner at some centre outside London. Both 
items in this programme have been interfered with 
to some extent by the disturbances causeil by the 
war and over a number of years the summer meeting 
could not be held. A return to normal practice, 
however, was possible last year when the summer 
meeting was held in Bristol; this year the corres- 
ponding meeting was held at Newcastle-upon-Tyne 
on June 15 and 16. The first item in the proceed- 
ings was a dinner at the Royal Station Hotel, under 
the chairmanship of Mr. I. V. Robinson, the 
President. It is not the practice to arrange for 
formal speeches at this dinner and remarks by the 
President and others were of the conversational 
nature suited to an occasion of which one of the 
main values is the o unity it offers for the 
renewal of old friendships and the making of new 
ones. The proceedings on the.second day of the 
meeting were of a more technical nature, suited to 
the interests of am engineering society. In the 
morning, @ visit was paid to the Heaton Works of 
Messrs. C. A. Parsons and Co., the members being 
entertained to lunch by Messrs. Parsons after the 
visit. The afternoon was spent at the optical 
works of Sir Howard Grubb, Parsons and Company. 
The Chair was taken at the lunch by Mr. F. W. 
Gardner, a director and general manager. In 
the course of some remarks ing the Whit- 
worth Society, Mr. Gardner mentioned that the 
Parsons Company were turning out some 800,000 kW 
of steam turbines per annum, half of which were 
exported. The heavy export figure, however, did 
not mean that progress in the provision of new 
power stations in Great Britain was being retarded 
by shortage of turbine plant. In some cases 
it had been necessary to store completed sets 
because the buildings for their reception were not 
ready. At the conclusion of the lunch, Mr. 
I. V. Robinson inducted Mr. H. Shoosmith as the 
new President ; he will hold office until the summer 
meeting of 1950. As the works of Messrs. Parsons 
cover 43 acres and as there are 4,800 employees on 
the pay roll, it will be clear that no adequate 
description of the activities of the firm can be given 
in this note. Had the visit been paid 60 years ago, 
when the first works were built, a fuller description 
might have been possible; the first establishment 
covered 2 acres and the entire staff consisted of 
48 persons. In the tour through the works, the 
electrical research department, in which electronic 
control apparatus of various kinds is being developed, 
was first visited. The party then passed into the 
turbo-alternator erecting shops in which machines 
ranging in capacity from 4,000 to 50,000 kW were in 
process of assembly. Some examples of the 50-kW 
sets intended for instructional purposes, which were 
described on page 560 of our issue of last week, were 
also to be seen. The blade shops, light machine 
shops, tool room and insulating shops were then 
visited. Much interest was taken in the new 
alternator and large transformer shop. This was 
completed in January, 1948. It is 315 ft. long, 
60 ft. wide and 74 ft. high and is equipped with a 
200-ton travelling crane. It contains a vacuum- 
pressure impregnating tank, 17 ft. 3 in. in diameter 
and 30 ft. deep, in which completed stators can be 
treated. The optical works, visited in the after- 
noon, in addition to telescopes, are engaged in the 
manufacture of wind-tunnel balances, infra-red 
analysers and spectrometers and other specialised 
instruments. The time available did not permit a 
close inspection of the variety of interesting plant 
in progress of manufacture in this works, as visits 
had to be paid subsequently to the highly-mechan- 
ised foundry and to the 500-h.p. industrial gas 
turbine which was seen in operation. It works on 
the open-cycle system and was first starved up in 
December, 1945. Since that time, valuable data 
on the running of a plant of this kind have been 
obtained. In concluding this brief account of the 
summer meeting, a tribute should be paid to the 
excellence of the arrangements made by the honorary 
secretary, Dr. F. T. Barwell; a very laige amount 
of detail work must have been involved. 


“THe EDUCATION AND TRAINING OF 
TECHNOLOGISTS.” 


Under the above title, the Federation of British 
Industries have now issued the report of a study 
group which was set up in July, 1948, by their 
Industrial Research Committee and Education 
Committee for the purpose of examining “ matters 
relating to the education, training and supply of 
technologists, with particular reference to the needs 
of industry,” and of making recommendations. 
The group consisted of Sir William J. Larke, K.B.E. 
(Chairman), Dr. P. Dunsheath, C.B.E., Mr. Kenneth 
R. Evans, M.A., Mr. Francis H. Perkins, B.Sc., and 
Dr. Basil J. A. Bard (secretary). In the preamble 
to the report, they define “technologists” as 
“scientists who have also studied the application of 
the results of scientific knowledge and discovery to 
industry and the arts,” observing also that those of 
the highest grade, “‘ including professional engineers, 
are almost invariably men who have received a 
sound basic training in the fundamental sciences 
common to all scientists,” and that the balance 
between education, training and experience—all of 
which were required to produce technologists— 
should be agreed between the industries concerned 
and the appropriate education authorities, both 
local and university. To improve the existing 
facilities for the education of technologists, they 
recommend that the universities should ensure 
thet a higher proportion of their future output of 
technologists should receive the equivalent of at 
least two years of “ post-intermediate’” study of 
fundamental science, with an additional year in the 
field of applied science with which they are more 
directly concerned ; that a higher proportion of the 
present university population should complete a 
full three years i i course in 
fundamental science, and devote a post-graduate 
year to the more specialised study of a particular 
technology ; and that industrial companies should 
develop their relations with universities and techni- 
cal colleges to facilitate exchanges of staff for periods 
up to twelvé months, vacation training in their 
works for senior students, and research by the college 
stafi—“ which,” it is suggested, “may include 
consultation and specialised advice within their 
competence.” We note with especial interest the 
third in the Group’s series of eleven specific recom- 
mendations, namely, “ That greater attention should 
be devoted at school and college to the development 
of the capacity for lucid exposition in the written 
and spoken word” and “that, in all scientific 
courses and examinations, greater weight should 
be given to this capacity than heretofore.” 


Summer MEETING OF THE INSTITUTION OF HEATING 
AND VENTILATING ENGINEERS. 


The Institution of Heating and Ventilating Engin- 
eers visited Eastbourne, for the third time in the 
past ten years, when they held their 1949 Summer 
Meeting on Monday, Tuesday and Wednesday, June 
20, 21 and 22. The meeting was well supported by 
the members, their ladies and guests. A receytion, 
dance and cabaret were given by the Mayor ant 
Mayoress of Eastbourne (Councillor and Mrs. 
Frederick Taylor), at the Winter Garden, Devon- 
shire Park, on Monday evening. The following 
morning, after a formal welcome by the Mayor 
in the Grand Hotel, Dr. Douglas H. Ingall, F.R.I.C., 
F.Inst.P., Hon.M.I.H.V.E., presented a paper 
entitled “Technical Education for the Heating 
and Ventilating Industry, with Special Reference 
to the National College.” It was important (the 
author stated), to publicise the opportunities offered 
by the industry, particularly by co-operating with 
juvenile employment exchanges, and to attract 
suitable recruits by providing training schemes which 
will compare favourably with those in other indus- 
tries. It is now becoming increasingly difficult for 
many firms to arrange adequate apprenticeship 
schemes, and it might be desirable to give considera- 
tion to the establishment of “‘ co-operative training.” 
whereby a group of firms would transfer their 
apprentices for suitable periods during their training. 
All firms should appoint an apprentice master, who 
would be responsible for the welfare and 
of each apprentice. With regard to technical educa- 





tion, the author strongly advocated the release of 


| apprentices for one whole day in each week. To 








overcome the difficulty of providing suitable 
instructors, peri ic full-time teachers might 
be employed. A total of 183 students had followed 
the six-months full-time specialist course for 
drawing-office personnel since 1944, when the 
scheme was started. The course was now part of 
the activities of the National College for Heating, 
Ventilating, Refrigeration and Fan Engineering. 
The College had two essential functions to perform : 
the provision of instruction at a post-graduate 
standard (to train future technical executives), 
and the carrying out of research work. It was anti- 
cipated that the majority of the research undertaken 
would be of an empirical or applied type, rather than 
fundamental research, although this would not be 
neglected. The College was working in close ¢co- 
operation with industry and with various research 
organisations such as the Building Research Station. 
He hoped that the College might be able to offer 
a number of scholarships, with the support of the 
Ministry of Education. Arrangements were in hand 
for the provision of a comprehensive library, and it 
was hoped that, in due course, the College might 
issue a bulletin periodically, giving information on 
published research, scientific articles and other 
matters of interest to the three industries concerned. 
After the presentation of the paper, Mr. R. Duncan 
Wallace, B.Sc., M.I.Mech.E., vice-president, pro- 
posed a vote of thanks to the author, and spoke 
of the importance of the industry supporting the 
college by releasing suitable students. Mr. Nelson 
Haden, B.Sc., M.I.Mech.E., paid a tribute to those 
who had worked for the foundation of the College, 
and said he hoped it would help in the improved 
training of operatives in the last year of their 
apprenticeship. It was difficult to train men 
capable of organising work efficiently. Other 
speakers referred to some of the difficulties en- 
countered in the industry. A banquet was held on 
Tuesday evening at the Grand Hotel. The guests 
were received by the President, Mr. H. H. Bruce, 
and Mrs. Bruce. The Mayor proposed the toast of 
“The Institution,” and the President responded. 
Mr. Wallace proposed the toast of “The Guests,” 
and Mr. Raymond Williams, B.Sc., A.M.I.C.E., and 
Mrs. Bruce replied. A farewell luncheon was held 
at the Grand Hotel on Wednesday. 


Gamma Rays ror InpusTRIAL RADIOGRAPHY. 


Notice has been given by the Ministry of Supply 
that the Government’s Radiochemical Centre at 
Amersham is prepared to accept orders for radium 
and for radon (a gas extracted from radium) as 
sources of gamma rays in industrial radiography. 
The gamma rays emitted by both radium and 
radon are identical in quality, but, whereas the 
intensity of radiation from radium is sensibly 
constant, that from radon decreases continually, 
falling to half its initial value in 3-8 days and being 
halved thereafter in each succeeding period of 
3-8 days. The volume of 1 gm. of radium sulphate 
(the radium salt most commonly used in radio- 
graphy) is about 0-5 cub. cm., but the volume of 
radon required to provide gamma radiation equiva- 
lent to that of 1 gm. of radium sulphate is only 
a few cubic millimetres. It is usually practicable 
to use radon for about a week. If the amount is 
large, the radon can be used for a longer period, the 
rate of diminution of radiation being sufficiently 
regular to allow sufficiently accurate calculation to 
be made of the exposure. The sharpness of the 
radiographic image is directly related to the physica! 
size of the radium or radon, so that, for equal 
resolution, radon can be used much closer to the 
object than radium, thus reducing the exposure 
time. In some circumstances, therefore, considera- 
tions of accessibility, distance and speed would 
favour the use of radon. The intrinsic value of 
radon is small compared with that of radium, which 
also favours its use in circumstances where acci- 
dental loss is a possibility—for example, in the 
examination of ship welds, where it might be 
dropped overside; and less danger attaches 
to the accidental dispersal of radon, unless 
it is in considerable quantity. A summary of the 
information available to those who contemplate 
using radium or radon for industrial radiography 
has been prepared by the Ministry of Supply and 
consultation with the Radiochemical Centre is 
invited. Applications should be addressed to the 
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Centre, White Lion-road, Amersham, Buckingham- 
shire (Telephone : Little Chalfont 2278-9). Radium, 
which is best suited to factories, etc., having a 
continuous flow of radiographic work, is supplied 
only on hire, and for periods of not less than six 
months. The capsules in common use are those 
containing 50 mgm. or 250 mgm., for which the 
present rentals are 11/. 5s. and 56l. 5s. per annum, 
respectively. The hirer must also pay the cost of 
the fabrication and testing of the radium and its 
container, which at present is about 20/. for a 
50-mgm. capsule and 100/. for one of 250 mgm. 
Orders can be completed in about two months. 
Radon is sold outright and costs 151. for a source 
of 250 millicuries, 20J. for 500 millicuries, and 
251. for 750 millicuries. Delivery is by road or by 
express passenger train, and is charged to the 
customer. Demonstrations of gamma radiography 
can be seen by appointment, and without charge, 
on application either to the Superintendent of 
Radiology Research, Ministry of Supply, Armament 
Research Establishment, Woolwich, London, 8.E.18 
(Telephone: Woolwich 2044, Extension 129); or 
to the Director, the National Physical Laboratory, 
Teddington, Middlesex (Telephone : Molesey 1380). 
Advice on the suitability or otherwise of proposed 
applications may be obtained from both establish- 
ments, and the Armament Research Establishment 
may also be consulted for advice on the principles 
of radiograph interpretation. The summary of 
advice and facilities, from which these notes have 
been abstracted and which is obtainable from the 
Ministry of Supply, Shell-Mex House, Strand, 
London, W.C.2, also lists a number of official publi- 
cations on gamma radiography and the sources from 
which copies may be obtained. 
Tue InstrruTe oF British FounDRYMEN. 

Last November, an offer by the Joint Iron 
Council to reimburse, from the funds raised by the 
pig-iron levy, certain expenditure incurred by the 
Institute of British Foundrymen, in connection 
with additional work of a technical-development and 
educational character, was accepted by the Council 
of the Institute. As a result, facilities for the work 
of the Technical Council of the Institute and its 
sub-committees have been extended and it is of 
interest to read in the Technical Council’s seven- 
teenth annual report that the year under considera- 
tion, namely, that ended on April 30, 1949, was one 
of the most active in its history. Sub-committees 
concerned with dimensional tolerances for castings, 
light-alloy test bars, stripping temperature, the 
inspection of ferrous castings, cupola raw materials, 
and the standardisation of moulding-box equipment 
have now completed their work and, in some cases, 
have been dissolved during the year under review. 
Nine sub-committees, however, are continuing in 
activity and are dealing with the solidification rate 
of cast iron, the reclamation of iron castings, the 
size of ingate and the runner system, the salvaging 
of non-ferrous metal castings, the flow of metals, 
the use of synthetic resins for core and moulding- 
sand binders, the heat-treatment of grey cast iron, 
and problems of internal stress in castings. The 
Technical Council’s seventeenth annual report is 
contained in the Report of Council of the Institute 
for the 1948-49 session presented at the forty-sixth 
annual general meeting, held in Cheltenham from 
June 14to0 17. The meeting, a programme of which 
was given on page 342, ante, was a most successful 
one and we propose to reprint in due course some 
of the papers presented. The first to be dealt with 
in this manner, namely, ‘‘ Some Problems in Bronze 
Foundry Practice,” by Dr. A. J. Smith, will be 
found on page 557, ante. A feature of the meeting 
was the annual dinner of the Institute, which was 
held at the Town Hall, Cheltenham Spa, on Wednes- 
day, June 15. In the course of his speech when 
proposing the toast of the Institute, Sir Alexander 
Ramsey, O.B.E., director, Engineering and Allied 
Employers’ National Federation, said that the 
founding industry, thanks to the pioneer work of the 
Institute and other organisations, was well forward 
from the technical and scientific points of view. 
Happily, however, equal progress had been made in 
relation to amenities and comforts, the upgrading of 
labour and other matters of a similar nature. 
The reply to this toast was made by the President, 
Mr. N. P. Newman, J.P. 





OBITUARY. 


MR. CHARLES DAY, Wh.Sc. 


WE regret to record the death on June 18, in 
Manchester, of Mr. Charles Day, a past-president 
and honorary member of the Institution of Mechani- 
cal Engineers, and one of the pioneers of Diesel- 
engine construction in this country. Mr. Day was 
81 years of age, having been born on April 27, 
1868, but continued to take an active part in the 
affairs of his firm, Messrs. Mirrlees, Bickerton and 
Day, of Hazel-grove, near Stockport, until compara- 
tively recently and was still a director at the time 
of his death. 

Mr. Day was educated at Stockport Grammar 
School and, on leaving in 1881, was apprenticed to 
the engineering firm of Emmerson, Murgatroyd and 
Company, of that town. They went out of business, 
however, in 1884, and he completed his apprentice- 
ship with Messrs. J. E. H. Andrew and Company, 
also of Stockport, who were licensees for the manu- 
facture of the Bisschop gas engine, of which, in the 
drawing office and on the test bench, he acquired 
considerable experience. In 1886, he obtained a 
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Toe Late Mr. Cuaries Day. 


Whitworth Scholarship, which led eventually to his 
degree of M.Sc.(Tech.). Leaving Messrs. Andrew in 
1890, Day spent a short time as chief draughtsman 
with Joseph Adamson and Company, Hyde, before 
transferring to Daniel Adamson and Company, at 
Dukinfield, also in the drawing office. In 1892, he 
joined the staff of the National Boiler Insurance 
Company, where he had charge of engine insurance 
and also undertook consulting work. He remained 
with them for three years—the only period in his 
career, as he mentioned in his presidential address 
to the Institution of Mechanical Engineers in 1934, 
during which he was not engaged on the manu- 
facturing side of engineering practice—and then 
went to Bradford as manager to Messrs. Cole, 
Marchant and Morley, Limited, for a further three 
years. In 1898, he was appointed manager, and a 
director, of Messrs. Ferranti, Limited, Hollinwood, 
where he spent four years before joining the Mirrlees 
Watson Company. 

Of Mr. Day’s work in the development of the 
heavy oil engine, it is unnecessary to go into detail. 
The Mirrlees Watson Company—who, until 1899, 
held an exclusive licence from Dr. Rudolf Diesel for 
the construction of his engine in the British Isles— 
had spent so much money on experimental work that 
a financial reconstruction became necessary. It 





was soon after this (in 1902) that Day joined them 





as general manager, and it was under his direction 
that their type of Diesel engine achieved commercial 
success, He was admitted to the Institution of 
Mechanical Engineers as a member in 1896 and, 
after 14 years on the Council, became President in 
1934; he was made an honorary life member in 
1938. He was also a member of the Institution of 
Electrical Engineers, and was a past-president of the 
Manchester Association of Engineers. He relin- 
quished the managing directorship of Mirrlees, 
Bickerton and Day a couple of years ago, but re- 
tained his seat on the board. In manner a “ hard- 
headed business man ” of the almost legendary type, 
he possessed also a capacity for friendship—likewise 
of a blunt and forthright kind—which will be remem- 
bered by a wide circle of his engineering associates. 





SUMMER MEETING OF 
THE INSTITUTION OF CIVIL 
ENGINEERS. 


Tue first joint summer meeting of the Institution 
of Civil Engineers and the Institution of Civil 
Engineers of Ireland was held in Dublin from Tues- 
day, June 14, to Friday, June 17. About 300 
members and their ladies attended, including the 
Presidents of the two Institutions (Sir Jonathan 
Davidson and Professor M. A. Hogan, respectively, 
and a number of past-presidents and serving mem- 
bers of the Councils. The programme consisted of 
four technica] papers, and visits to a number of 
places of engineering interest in the locality, includ- 
ing the Dublin Waterworks plant at Poulaphuca, 
and the Liffey power stations of the Electricity 
Supply Board. The weather was ideal, and much 
credit for the excellent arrangements is due to the 
President and Council of the Institution of Civil 
Engineers in Ireland. 

The formal opening was held in University College, 
the chair being taken by Professor M. A. Hogan, 
who extended a cordial welcome to the visiting 
members and their ladies, which Sir Jonathan 
Davidson acknowledged. After a short interval, 
Mr. A. P. Lambert, M.I.C.E., read a paper on 
** Some Types of Plant in Use by Civil Engineering 
Contractors in Great Britain.” Mr. Lambert ex- 
plained that he excluded from the paper all plant 
for quarrying and dredging, as being too specialised 
for brief consideration ; he confined attention to 
plant for “‘soft excavation above the water-line,” 
but, even so, covered a wide field—excavators, 
graders, trucks and other transport, railway loco- 
motives and track, and concreting plant. Some 
reference was made also to “ vibrated concrete,” 
though Mr. Lambert expressed the view that this 
was an unsatisfactory term; “‘ concrete,” he said, 
‘should be ‘fully compacted ’ and vibration may, 
in many cases, be of great assistance in achieving 
this end,” but ‘there is no virtue in vibration for 
its own sake.” In the discussion of the paper, in 
which eight speakers took part, attention was drawn 
to the need for plant adapted to the requirements of 
such work in Ireland, where the schemes were much 
smaller in size than those mentioned by Mr. Lambert. 
In the afternoon, a tour was made down the Liffey 
to the Port of Dublin. A reception given, in the 
evening, by the Minister for Industry and Commerce 
(Mr. Daniel Morrisey) and Mrs. Morrisey at Iveagh 
House, St. Stephen’s Green, was honoured by the 
presence of the Taoiseach, Mr. John A. Costello, 
and other members of the Government. 

On Wednesday morning, June 15, the technical 
session was held in the lecture hall of the Institution 
of Civil Engineers in Ireland, with Sir Jonathan 
Davidson presiding, when Dr. W. H. Glanville, 
C.B.E., Director of the Road Research Laboratory, 
read a paper on “‘ The Study of Road Traffic.” This 
paper, like the earlier one presented to the Institu- 
tion of Civil Engineers by Dr. Glanville’s Deputy 
Director, Dr. R. J. Smeed, condensed in a brief 
space the results of a wide field of research; but, 
like Dr. Smeed’s paper, it was marked ‘‘ Crown 
copyright reserved” and, therefore, we forbear to 
quote from it. In the discussion which followed, 
several speakers e admiration of the control 
of traffic in large cities in Great Britain, and re- 
marked on the difficulties which were introduced 





by the large number of cyclists in the streets of 
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Dublin. In the afternoon, the members and ladies 
attended a reception by the Provost and Fellows of 
Trinity College, who had arranged for inspection the 
Book of Kells and other valuable manuscripts. 

On Thursday morning, June 16, two papers were 
read, these being, respectively, on “‘ Hydro-Electric 
Development on the Electricity Supply Board’s 
System in Ireland,” by Mr. J. A. O’Riordan, M.A., 
M.Inst.C.E.1., and on “‘ Water-Power Development 
in Great Britain,” by Mr. James Williamson. Mr. 
O’Riordan’s paper surveyed the development of 
electricity supply from the completion of the Shan- 
non power scheme in 1925, and the expansion follow- 
ing the establishment of the Electricity Supply 
Board in 1927. More recently, the Board received 
further powers, under the Electricity Supply Act, 
1945, to enable them to explore the water-power 
resources of the country, prepare schemes for suit- 
able rivers, and carry them out as and when ap- 
proved by the Ministry for Industry and Commerce. 
The paper was largely concerned with the economic 
aspects of electric power generation and distribution, 
and especially with generation by hydro-electric 
plant, though the comparative economics of steam 
stations were also considered. Mr. Williamson’s 
paper naturally dealt largely with the schemes now 
in hand by the North of Scotland Hydro-Electric 
Board, though he included particulars of various 
fairly recent plants in North Wales. He discussed 
also the water-power potentialities of the Lake 
District, and gave it as his opinion that the possible 
hydro-electric power production from English 
rivers, which had never been sufficiently investiga- 
ted, might be greater than was generally assumed, 
The discussion of these papers brought out some 
interesting comparisons between the scope for 
further developments in the two countries. In the 
afternoon, a visit was paid to the brewery of Messrs. 
Arthur Guinness, Son and Company. 

At the dinner on Thursday evening in the Newman 
Hall, St. Stephen’s Green, Sir Jonathan Davidson 
proposed the toast of “Ireland,” and the Minister 
for External Affairs, Mr. Sean MacBride, in replying, 
welcomed the visitors from Great Britain. “‘ We 
shall all benefit by the visit of British engineers,”’ he 
said, “in that they wiil learn that we are not quite 
as impossible as they may think from time to time.” 
In welcoming the visitors from Northern Ireland, 
Mr. MacBride said “‘ whatever else we may differ 
about, I think we can all agree that we are part of 
Ireland, and that we want to see the country pros- 

r.’ There was great scope, he added, for both 
industrial affd engineering skill in Ireland. Dr. 
M. Tierney, President of University College, Dublin, 
proposing the toast of the two Institutions, said 
that his College had always attached great import- 
ance to engineering, as was evidenced by the fact 
that it had the only school of mechanical and elec- 
trical engineering in Ireland. Mr. A. S. Quarter- 
maine, vice-president of the Institution of Civil 
Engineers, and Dr. T. A. MacLaughlin, vice-preri- 
dent of the Institution of Civil Engineers of Ireland, 
responded. In proposing the toast of “‘ The Guests,” 
Professor P. F. Purcell, senior past-president of the 
Institution of Civil Engineers of Ireland, said that 
the most cordial relations in all things academic 
existed between the elder Trinity College and the 
younger University College in Dublin ; and Dr. 
E. H. Alton, Provost of Trinity College, respond- 
ing, hoped that this present good feeling would long 
continue. 

In 1937, eight years after the River Shannon 
Hydro-Electric Station at Ardnacrusha began 
operating, the Electricity Supply Board started 
work on developing the power of the River Liffey, 
to which the members paid an all-day visit on 
Friday, June 17. This river rises in the Dublin 
Mountains at a height of nearly 1,800 feet. Taking 
@ circuitous route, it flows west over the plain of 
Kildare, turns north, and finally east, to enter the 
sea at Dublin Bay. It is 82 miles in length and 
drains over 500 square miles. The three falls 
most suitable for power development are situated 
at Poulaphuca Bridge, where the main road from 
Dublin crosses the river, at Golden Falls, about a 
mile down-stream from Poulaphuca, and at the 
Salmon Falls near Leixlip. The proximity of the 


of the force of the falling water into electric power. 
It was not, however, until 1936, after extensive 
survey, that a scheme prepared by the engineers of 
the Electricity Supply Board received the approval 
of the Government, and the initial construction work 
at two sites was started in the following year at 
Poulaphuca and Golden Falls. 

The erection of a 100-ft. dam in a rocky gorge at 
Poulaphuca was to serve a dual purpose. In 
addition to developing a 150-ft. fall in the river for 
the generation of electricity, the dam created a 
reservoir with an area of 5,000 acres at 600 feet above 
sea level, thus providing an admirable source for 
an additional water supply to the city of Dublin. 
Under an agreement between the Electricity Supply 
Board and the Dublin Corporation, provision was 
made in the scheme for the supply of up to 20 million 
gallons per day. From the dam, an intake tunnel 
about a quarter of a mile long leads the water 
from the reservoir to the 120-ft. high surge tank 
overlooking the station. This tank provides a 
safety control to the flow of the water through the 
penstocks, 200 ft. in length, to the two 15,000-kW 
Kaplan turbine sets installed in the power house 
below. The first of these two sets began operating 
in 1944 and to-day both sets are in full commission. 
The power generated is raised to 110 kV at the 
outdoor transformer station and is transmitted 
from there to Inchicore, where it is directed into 
the general transmission network. The output of 
this station for the past two years has been at the 
rate of 30 million units per annum. 

The mile-long stretch of water between the power 
house at Poulaphuca and the smaller station at 
Golden Fails is used as a compensation reservoir, 
for the purpose of eqvalising the flow in the lower 
river, when the first station is in operation. The 
water required by the main station when in full 
operation, if allowed to flow down the river, would 
cause flooding. The compensation reservoir has 
sufficient capacity to contain the water required 
for 3} hours running at full load. This water is 
then released evenly through a 24-hour flow-off. 
The dam at Golden Falls develops a 60-ft. head of 
water to drive a 5,730-h.p. turbine coupled to a 
4,000-kW generator. At present, a.small staff 
operates this plant, but arrangements are being 
made to run it by remote control from Poulaphuca. 
Between the towns of Celbridge and Leixlip, the 
Liffey has a fall of nearly 60 feet, and the generating 
station, erected at the Salmon Falls near Leixlip, 
will use this fall for power production. The plans 
for this dam and power house were approved in 
1945, and the construction of the station is now 
practically complete. The dam will transform the 
existing river into a narrow lake for about two miles 
upstream. At high water level, the lake will be 
about 100 acres in extent, with a capacity of 
160 million gallons of water. 7. the power house 
at thedam, a 4,000-kW Kaplan turbine is installed, 
and it is estimated that the station will have an 
output of 10 million units per annum. 

As the yearly migration of salmon up river is an 
important feature of the Liffey at Leixlip. it was 
necessary to provide a fish pass in the construction 
of the dam. The conventional form of fish pass, 
which is a series of shallow stepped pools that 
gradually lead the salmon, as up a stairway, over 
the barrier, did not suit the design of the dam at 
this location. A more unusual design of fish pass, 
based on the principle of the canal lock will be in 
use. High on the upstream face of the dam there is 
an open chamber connected by an enclosed sloping 
shaft to another chamber in the base at the back of 
the dam. At regular intervals, the chambers with 
their connecting shaft are flooded and emptied, by 
automatically-operated sluice gates. The fish at- 
tracted by the outflowing water, swim into the 
lower chamber and pass up through the connecting 
shaft into the top chamber, from which they are 
released into the head waters. It is worth noting, 
perhaps, that there is also brown trout fishing on 
the reservoir at Poulaphuca, the rights of which 
are under the control of the Electricity Supply 
Board. In the years immediately following the 
first filling of the reservoir, the brown trout grew 
rapidly and catches up to 5 lb. were recorded. 
Gradually, however, the size has decreased and the 


THE BRITISH ELECTRICAL 
POWER CONVENTION. 
(Concluded from page 569.) 


As briefly recorded on page 568, ante, a meeting 
of the British Electrical Power Convention was 
held at the Pavilion, Torquay, on Thursday, 
June 16. The following papers were presented : 
“High Voltage Transmission in Great Britain,” by 
Mr. T. G. N. Haldane, of which an abridgment was 
given on page 559, ante; “‘ Switchgear for Systems 
of 200 kV and Above,” by Mr. B. H. Leeson; 
“* Power Transformers for Systems of 200 kV and 
Above,” by Mr. H. 8. Holbrook; and “ High- 
Voltage Research and Development in the British 
Cable Making Industry,” by Mr. T. R. Scott. An 
abridgment of Mr. Holbrook’s paper is published 
on page 594 of this issue. We propose to deal 
with the other two papers later. 

The four papers were discussed jointly, the first 
speaker being Mr. V. A. Pask, chief engineer, British 
Electricity Authority. He said that consideration 
of the case for higher voltage transmission had 
been begun by a Committee of the Central Electricity 
Board in 1942. The main conclusions reached dur- 
ing a five years’ investigation were that, if generating 
plant continued to be located close to the load centres, 
development at 132 kV would meet all requirements 
up to about 1960. Uncertainty as to the future 
policy of the coal and railway industries, however, 
made it impossible to decide whether such location 
could be continued. Concurrently, two spans of 
275-kV line, the towers of which were also suitable 
for 500-kV, were erected at Leatherhead for test 
purposes, and an order had since been placed for a 
275-kV line, 40 miles long, between Sheffield and 
Staythorpe, with the necessary 132/275-kV trans- 
formers. Looking forward to 1965, there was a 
growing feeling that the time had come to construct 
a superimposed grid, operating at either 132 kV or 
at a maximum of 300 kV. The final selection of 
voltage would depend on the cost. The capacity 
of the present inter-area connectors was 320 MW, 
which was not far short of the 400 MW advocated 
by Mr. Haldane to deal with a future load more than 
three times that which now existed. Appreciable 
savings were being made in this way. While he 
agreed that a flexible system war needed to permit 
such amounts of power to be freely exchanged with- 
out unduly affecting the internal operation of the 
individual areas, he was not certain whether a 
300-kV system, such as that described in the paper, 
would provide the cheapest satisfactory overall 
means of inter-connection. Heavy strengthening 
of the 132-kV system within each area would, in 
any event, be necessary. There was a strong case 
for investigating the possibility of transmitting 
electricity rather than transporting coal by rail. 
The feasibility of such bulk transmission depended 
partly on the cost of the transmission equipment 
and partly on the cost of coal and rail transport. 
So far, there had been no indication of the future 
long-term intentions of either the National Coal 
Board, with regard to price structure, or of the 
British Railway Executive, in regard to freight 
charges. 

Mr. T. R. Warren, chief engineer, South East 
Scotland Electricity Board, thought that the growth 
of many distribution systems beyond the voltage 
for which they had been designed originally com- 
pelled the introduction of some higher voltage and 
the consequent sub-division of the system. It was 
clear that if the grid had to deal with the increases 
in load anticipated during the next 20 years reactor 
sectioning would be necessary to a much greater 
extent than at present. This would limit load 
flows to an extent which would prevent full advan- 
tage being taken of the benefits of interconnection. 
Mr. J. D. Peattie, deputy chief engineer, British 
Electricity Authority, said that the design of an 
interconnecting and transmission system linking 
the generating stations and points of bulk supply 
depended on the locations and sizes of the stations. 
According to Mr. Haldane’s estimates, the electricity 
supply industry would require 47 million tons of 
coal in 1958 and over 90 million tons in 1968, which 
was half the present total home consumption for 








city of Dublin to these potential sources of power has, 
in the past, inspired many plans for the conversion 
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all purposes. The question of the sources from 
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which these amounts were to be drawn and their 
price were both fundamental to the Authority's 
problem of developing and maintaining an economi- 
cal supply of electricity. There was a strong case 
for developing the cheaper coalfields and, if that 
policy were adopted, there would be advantages 
trating generation in the East Midlands 





in concen 
Area. Another factor of major importance was the 
cost of fuel transport, about which there was, so 
far, no clear guide. 

Mr. E. A. Logan, Southern Electricity Board, 

advocated the use of 400-kV for the national ’bus- 
bar. A satisfactory underground cable need be 
no obstacle to this course, as a suitably-designed 
system could be wholly overhead. Such a system 
would give greater security against lightning ; and 
he was sure that suitable transformers and switch- 
gear could be manufactured. 
'« Mr. D. P. Sayers, deputy chief engineer, British 
Electricity Authority, said that the main problems 
raised in Mr. Haldane’s paper were whether energy 
should be transmitted in the form of coal or elec- 
tricity and what voltage should be used in future 
on the main transmission system. With regard 
to the first, it seemed that, with a 132-kV system 
and a 70 per cent. load factor, electrical transmission 
would be cheaper for distances greater than 22 miles. 
In the case of 275-kV for the same load factor, the 
limiting distance was 34 miles. These figures were 
for rail-borne coal. Sea transport, which the 
Authority was developing, would be cheaper and 
its adoption would profoundly affect the prospects 
of high-voltage transmission. He wished Mr. 
Haldane. had been more explicit as to the need for a 
higher voltage than 132 kV. To secure an effective 
increase in route capacity, double-circuit 275-kV 
towers would have to be used and, owing to their 
size, might create new problems in regard to ameni- 
ties and obstructions to aircraft. The performance 
of 275-kV equipment under British climatic condi- 
tions had yet to be proved and, as regards cost, 
the figures were all in favour of 132 kV. 

Mr. G. R. Peterson, Overseas Liaison Officer, 
British Electricity Authority, informed the meeting 
that the possibility of establishing a high-voltage 
national ’bus-bar was at present being discussed 
in many countries, and was being made the subject 
of detailed study as part of the European recovery 
plan. The difficulty, so far as this country was con- 
cerned, seemed to be to prove that such a national 
*bus-bar would be an economic proposition before 
it was constructed. The success of the national grid 
in this country, however, had, drawn the favourable 
comment of the world, largely due to the foresight 
of the administrators and engineers of 23 years ago. 
It might be that the time was ripe for us to give 
another demonstration of British skill and initiative. 

Mr. F. J. Lane, construction engineer, British 
Electricity Authority, e the view that the 
national ’bus-bar would make the difficult problem 
of the breaking capacity of switchgear worse. A 
rating of 3,500 MVA must be regarded as the present 
maximum, but even this meant the interruption of a 
current of 15,300 amperes at 132 kV, and this should 
be the limit at that voltage. The 275-kV scheme, 
however, envisaged the provision of large capacity 
circuits between the major generation and load 
centres. This, in turn, would necessitate the 
concentration of 132-kV circuits at suitable focal 
points and make it more difficult to limit short- 
circuit current at that voltage level. The intro- 
duction of step-up transformers for the higher 
voltage system would also increase the rate of rise 
of re-striking voltage, so that the problem of short- 
circuit rating would not be eased by the employment 
of an additional high voltage. The manufacturers’ 
papers provided evidence that satisfactory designs 
of equipment were available for operation up to 300 
kV. Many would feel, however, that 275 kV was 
too low a figure to be of long-term value. 

Mr. F. C. Winfield said that the pro;.sal to substi- 
tute 132-kV connections by others working at a 
higher voltage was a matter of simple economic 
evaluation, the answer to which could easily be 
determined. If, however, it was also proposed to 
expand the 132-kV system, he would like to know 
how the interchange of power between areas was to 
be controlled. Mr. Pask had mentioned that the 
present interchange capacity was 320 MW, but he 
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was doubtful whether this could be transmitted from 
one area to another whenever required. The present 
connections between England and Scotland and 
between the north-east and the Midlands were too 
weak. A 132-kV urban network was only suitable 
for distribution and, if they continued with this 
voltage, they would incur the criticism of posterity, 

Mr. C. W. Marshall, deputy chief engineer, British 
Electricity Authority, pointed out that experience 
with 132-kV transformers gave confidence that 
higher voltage units would be immune from lightning 
hazard. On the other hand, climatic hazards were 
more insidious and he therefore recommended 
caution in going beyond 300 kV. With very high 
power circuits the present standard of 95 per cent. 
clearance of the protective gear was not good 
enough, but it should be possible to provide appa- 
ratus that would clear the few faults that occurred. 
Although high-tension direct-current had been 
mentioned, its application on a large scale could not 
at present be contemplated. 

Mr. R. M. Charley, English Electric Company, 
said that an argument in favour of using 
higher than 300 kV was that it was desirable for 
British manufacturers to meet competition from the 
rest of the world. Engineers would be forced to use 
direct-current for some purposes, particularly in 
connection with submarine transmission, within the 
next few years. There were cases even round the 
British Isles where its employment might be 
desirable. 

The authors made brief comments on the dis- 
cussion, but promised full replies in writing. 

At a dinner, which was held at the Grand Hotel, 
Torquay, on Thursday evening, the principal guest 
was the Prime Minister (the Rt. Hon. C. R. Attlee, 
C.H., M.P.). In proposing the toast of ‘The 
British Electricity Supply Industry,” he said that 
we had a long way to go before power production 
met the demand. Those engaged in the electrical 
industry controlled an instrument of vitalimportance 
to the economic life of this country and one that 
could lighten the burden of the workers and especially 
of the women in the home. The President (Lord 
Citrine) replied. The toast of ‘‘The Guests” was 
proposed by Sir John Dalton and the Mayor of 
Torquay replied. 

At a meeting at the Pavilion on Friday morning, 
June 17, a paper on “‘ The Electrical Contractor's 
Place in the Industry and His Service to the Public,” 
was read by Mr. P. G. Wallis. Having reviewed the 
part played by the contractor in the early days in 
the development of many still satisfactory electrical 
appliances and the services rendered to the supply 
industry in the field of mains extension, he pointed 
out that the contractor had also done useful work 
in assisting the manufacturer in the design and 
development of equipment and in advising the 
consumer on the best type of installation to employ. 
Unqualified contractors had always been a danger 
to the industry and the problem of how to deal 
with them became more difficult as the use of elec- 
tricity expanded. The Electrical Contractors’ 
Association had come to the conclusion that the 
only way to ensure freedom from shoddy work 
was to institute a scheme of compulsory registration 
of electrical contractors and their operatives ; to 
set up a code of wiring regulations which, if contra- 
vened by the contractor, would lead to the loss of his 
certificate ; and to make it illegal for any body 
without a certificate to carry out electrical installa- 
tion work. This scheme, however, had not fructi- 
fied. Indeed, during the second decade of the 
inter-war years the situation had become rapidly 
worse ; and it was therefore to be hoped that the 
British Electricity Authority would co-operate with 
the Electrical Contractors’ Association in bringing 
about that compulsory registration of the con- 
tractor and the operative which would provide 
the only satisfactory and permanent solution of the 
problem. 

It would also seem to be desirable that the British 
Electricity Authority and the Area Boards should 
not operate the competitive powers which they had 
been given under the Act while the supply of 
electricity lagged so much behind the demand, 
Some Area Boards were already planning to compete 
with private enterprise on a vast scale, a state of 





affairs which raised the question whether State or 
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private trading would serve the community better. 
Alternatively, it had been suggested that “ co- 
operative ” competition would be to the advantage 
of the contractors and Area Boards alike. There 
was no independent tribunal which could answer 
these questions except the public. There was no 
evidence, however, to suggest the superiority of 
public ownership over private enterprise. 

In opening the discussion, Mr. F. W. Purse, 
National Register of Electrical Installation Con- 
tractors, said that the responsibility for unsatis- 
factory work lay jointly with the manufacturers, 
the contractors, the operatives and the supply 
authorities. It was to be hoped that the new 
proving house would see that materials and fittings 
complied with the Institution Wiring Rules. As 
regards operatives, there was great need for training. 
He urged that the supply authorities should set up 
a good standard of work. 

Mr. H. Nimmo, chairman, Southern Electricity 
Board, was not aware of any vast planning by the 
Area Boards to compete with contractors, while 
Alderman W. J. Bennett, Eastern Area Consumers 
Consultative Council, said that the paper exhibited 
a feeling of complacency that all was well with the 
contractors and a fear that they might be injured by 
nationalisation. No doubt the contractors would 
have to face some reorganisation of their businesses, 
as otherwise they would not be able to compete 
effectively with the Area Boards. 

Mr. H. F. Carpenter, secretary, British Electricity 
Authority, said that if they were successful in 
getting a Bill for compulsory registration through 
Parliament there was a danger that everybody 
would become licensed contractors. The alternative 
to compulsory registration was to educate the 
public only to employ registered contractors. In 
his opinion, this would produce better results. 

At the Annual General Meeting, which concluded 
the Convention, it was decided to continue holding 
similar gatherings in future years. Sir Vincent de 
Ferranti was elected president for the ensuing year. 





POWER TRANSFORMERS FOR 
200-KV SYSTEM. 


As briefly recorded on page 569, ante, a paper on 
“Power Transformers for Systems’ Operating at 
200 kV and Above ” was read at the British Electrical 
Power Convention at Torquay on Thursday, June 16, 
by Mr. H. 8. Holbrook. The paper was presented on 
behalf of the Transformer Section of the British Elec- 
trical and Allied Manufacturers’ Association and dealt 
with the characteristics of some of the high-voltage 
units manufactured in Great Britain and the effect of 
transport restrictions on their design. So far, the 
author said, this country had received orders for 12 
three-phase groups of single-phase units and for six 
three-phase units ranging in output from 45 MVA to 
120 MVA, and totalling about 1,187 MVA. The first 
order, which was received from the Union of Soviet 
Socialist Republics in 1942, was for a 120-MVA group 
of three single-phase transformers to give full output 
at either 242 kV or at 121 kV. The total weight of this 
three-phase bank was just under 500 tons, though when 
partly dismantled for transport, the weight of each 
of the single-phase units, excluding oil and the coolers, 
was reduced to less than 100 tons. The length, 
excluding the bushings, was 24 ft. 4 in., the width 
10 ft. 8 in., and the height 13 ft. 7in. Other orders had 
since been received from the U.S.S.R., and also from 
Holland, Finland, Poland, Australia and New Zealand. 
Althcugh of these large and heavy trans- 
formers affected their design, their mechanical i 
on site had not introduced any problems which could 
not be met by an extension of existing techniques. 

The diverse requirements and specifications laid 
down by the various purchasers had resulted in a variet; 
of designs, no one of which was best suited for all 
installations. Transport considerations, however, had 
resulted in a tendency to use groups of single-phase 
units as _— to single three-phase units, —v 
for the highest voltages and largest outputs. er 
form of core was used, the windings were generally 
arranged concentrically, those on the high-voltage side 
invariably being star-connected and of either the disc-coil 
or layer type, depending mainly on the purchaser’s 
requirements cone :ning the insulation of the neutral 
point. Surge problems were being continually studied, 
and the s voltage distribution in actual trans- 
former assemblies with special model windings had been 
examined by means of the recurrent-surge oscillograph. 
On new s there was now a tendency to connect 
the neutral of the high-voltage winding solidly to its 





SSeE 


25s FESETER ESS 


s 











JUNE 24, 1949. 





ENGINEERING. 





595 











CENTRE LATHE WITH 


THE LODGE AND SHIPLEY 


COMPANY, 


COPYING ATTACHMENT. 


CINCINNATI, OHIO, U.S.A. 

















tank, thereby allowing the full advantages of graded 
insulation to be obtained. A higher insulation level 
was considered necessary when the neutral was earthed 
through an arc-suppression coil, and this led to a 
corresponding increase in costs. For systems in the 
300-kV and 400-kV classes, however, the International 
Electro-technical Commission had recommended solid 
earthing of the neutral at each transformer. It was 
essential to remove all air and moisture from the 
units designed for these high voltages; consequently 
their tanks were stres<thened, so that, if necessary, 
high-vacuum treetmout involving very low pressures 
could be applied site. Special design techni 
had been developed *s m*- “he restrictions im on 
shape by road bridges »rd railway tunnels. 

Another factor affecting general design of high- 
v transformers, was the permissible noise or 

level In order to reduce this noise, it was 
customary in Great Britain to specify that the flux 
oe in the transformer core should not exceed 
87,000 lines square inch (13-5 kilogauss). The 
output of a poe transformer frame, however, was 
almost directly proportional to the flux density in the 
core, so that this ice might limit the maximum 
ing of those units which to be transported. As 
t ormers of the large bourse 2 now under considera- 
tion were unlikely to be ed near residential pre- 
mises, there was a case for considering whether sound 
levels should not be raised and permitted to approach 
those of ing machines. This would allow the use 
of higher flux densities with consequent savings in 
weight and cost ; otherwise the use of the lower- 
loss electrical steels now being manufactured would 
effect economies in the ing equipment without 
reducing the cost of the main items, the core and coils, 
to offset the greater cost of the core steel itself. In 
Europe, the flux density at rated voltages was generally 
about 93,500 lines per square inch (14-8 kilogauss) and 
it was common also to operate at 10 cent. above 
rated voltages. These points should remembered 
when making comparisons or when considering foreign 
competition. 

As already indicated, the design was greatly influ- 
enced by transport problems. British railway tunnels, 
for example, were generally smaller than those in the 
United States of America or in Europe, and for this 
reason transport in England was carried out by road. 
Even so, a severe limit was sometimes imposed the 
height of over-bridges. Another im 
was the weight-carrying ews of the roads to the 
site. In the case of the 1 A transformer bank 
ordered by the U.S.S.R. the low overall height of the 
British loading gauge made it impracticable to get the 
required reactance by using a two-legged core for each 
of the three single-phase units. Consequently a four- 
legged construction was use’ which, though investi- 
, entally in 1922, had never before been 
em; ‘or a commercial order. This arrangement 
path the depth of the yoke to be reduced, and, by 








using the outer legs for the neutral ends of the high- 
voltage a and locating » Hemiry 
symmetrical arrangement was 

parallel connection specified for the 243 the 242-kV or 121-kV 
outputs. 

The high-voltage windings of these Russian high- 
voltage units were provided with capacitance-compen- 
— shields to give an approximately sinusoidal 
ni voltage distribution when due 
to lightning or other causes reached the line terminals. 
Their tanks were designed to withstand a 28-in. vacuum 
to permit vacuum drying on site, and they were also 


ues | fitted with rollers to give movement either in line with 


or at right angles to the long axis. The high-voltage | ™ 
bushings, removable for were mounted in 
and were of the standard oil-filled construc- 
tion, which, apart from large size, embodied no special 
features. Each single-phase unit in the bank was 
po ded with two coolers, consisting of vertical steel 
to which numerous cooling tubes were fitted. 
The coolers were designed to dissipate the losses at 
half-load by means of the natural air and oil circula- 
tion; under full-load conditions forced oil-circulation 
an‘ air blast were brought into operation by a winding- 
temperature indicator. An immersion heater was 
fitter! into each cooler to warm the oil and to facilitate 
ciretlation when the transformers were switched on 
afte. remaining unexcited for long periods at tempera- 
tures down to — 40 deg. C.; this arrangement per- 
mitted immediate loading. 

The design of a 64-MVA three-phase transformer for 
Finland in 1946 was particularly interesting since it 
was an example of high-voltage on-load tap-changing 
gear of the mid-point reactor type. This unit was pro- 
vided with three sets of windings; the high- voltage | final 
winding was rated at 225-kV and designed for an 
impulse test level of 1,240 kV, using a full-wave of 
1 + 50 micro-second wave shape, and also for a one 
minute test of 530 kV. The medium-voltage 
was rated at 112-5 kV, and designed for an i 
test level of 650 kV, and for a one minute test of 275 kV, 
while the low-voltage winding was rated at 10-5 kV 
and at one half of the kVA rating of the other wind- 
ings. The windings were concentrically 
those for 10-5 kV being next to the core, and those for 
225 kV being on the outside. Between these two 
windings was located the 112-5-kV winding, from 
which were taken tappings giving a positive and 
negative 15 per cent. voltage range in 12 steps. These 
tappings were from a separate coil in the full limb 
length; this was designed so that each tap section 
had equal axial Jengths to ensure that there would be a 
balance in the mechanical stresses set up by line faults, 
whatever tapping might happen to be in use. 





GROUND SuLPHUR.—An Order issued by the Board of 
Trade has reduced the maximum price of ground 
sulphur by 14s. a ton. 





CENTRE LATHE WITH COPYING 
ATTACHMENT. 

Messes. E. H. Jowzs (Macuine Toots), Lawtrep, 
Edgware-road, The Hyde, London, N.W.9, who are 
Se Se ee See oo See, See: lees 
sent us some particulars of a range of “ Co 
centre lathes with hydra’ 


ulically-con' 

attachments, which have been intvedaned by the Lodge Ease 
and Shipley Company, Cincinnati Ohio, U.S.A. 
The copying attachment is fitted to the American firm's 
standard model X lathes, having swings of 16 in. (this 
lathe is shown in the accompanying illustration), 20 in. 
(medium and heavy duty), and 24 in. (medium duty). 
The changeover from ordinary centre-lathe operation 
to automatic copying, or vice versa, is practically 
instantaneous, being accomplished simply by turning 
two valves and a switch. Furthermore, the swing 
capacity of the lathe in either condition is not restricted 
by the copying attachment. A flat template or a 
sample of the component to be copied can be used with 
equal facility. It may sometimes be convenient to 
turn the first component in the centre lathe in the 
ordinary way, and then use it as a master for copying 
purposes. Multiple-diameter shafts, with square 
shoulders, “necks,” tapers in both directions, 
chamfers and curved profiles, as well as similar 
operations, are performed efficiently and to a high 
standard of accuracy. 

Lathes with copying attachments are often provided 
with a top slide set at a fixed oblique angle, so that the 
longitudinal feed can operate continuously, the motion 
of the turning tool at right-angles to lathe axis 
(required for ucing shoulders) being due to the 
resultant of the longitudinal feed and the outward 
oblique movement of the top slide. With the poe 
matic lathes, however, when a shoulder is being turned, 
the longitudinal feed is arrested while the cross slide 
moves out at right-angles as in the normal centre 
lathe. The copying attachment consists of a hydraulic 
supply unit at the rear of the lathe; the tracer or 
stylus unit, with a hydraulic cylinder and piston to 
ac» ate the cross slide ; a 
ch.ch and brake unit, mounted between the saddle- 
traversing shaft and the quick-change gearbox ; and 
— for the template or master. 

hydraulic er which actuates the cross 
PR 5 acim gy metetlp | een The top of 
the cylinder is machined to form a dovetail guide on 
which the tracer-head assembly is mounted. The 
piston rod is connected to the cross-feed screw and the 
tracer sup bracket, so that the cross slide and 
tracer move together. The tracer head is fitted 
with a three-way valve to control forward and reverse 
rapid traverse pad the feed of the cross slide. A second 
e is provided for adjusting the rate of cross feed 
ennai de ag mages yim why Rapid 
traverse, at a rate of approximatel 
minute, ses time whl sting up and during wc 
machining operations. The tracer head controls both 
the movement of the cross slide and the action of the 
clutch and brake mechanism. A valve is provided to 
regulate the flow of oil and to synchronise the dis- 
ent of the longitudinal-feed clutch with the 
rate of cross-slide travel for operations requiring a 
sensitive adjustment; also to by-pass the flow of oil 
when the lathe is used for ordinary work while the 


hydraulic °P ump is running ene ot in the longitudinal 
feed are effected through the quick-change box. 


The template is supported 
and a subsidiary tailstock. i 
spindle, which is « sliding fit in a bracket and ie locked 
in position by two nuts. For ge —— 
master components, it is a an — apres 
loaded centre. After 
ment of the ee 3 ap tlstock centre et eotabhi 

of the master in ion to the jiece, 
wines hoving to reset the fixed worn 
hydraulic unit at the rear of the lathe incorporates a 
tank, a pump and a motor. 

The tracer head is designed so that, when the tracer 
is not touching the tem the longitudinal-feed 
clutch is disengaged and hydraulic cylinder moves 
the tracer towards the aan and the tool og 
the work. When the tracer touches the tem ¥ 
is deflected into a “ neutral’’ position, whic os 
matically engages the longitudinal feed and 
the flow of oil to each side of the cylinder, ‘ons stopping 
the cross-slide travel, and holding the tool in the correct 
turning position and the tracer in contact with the 
template. Any deflection of the tracer from this 
position, cnn by the shape of the template, actuates 
the tracer valve to open or close ports which control 
the flow of oil to each side of the piston in the cylinder. 
Any change in the line of the template, such as a 
shoulder, which causes a longitudinal tilt of the tracer, 
leads to the disengagement of the longitudinal-feed 
clutch and the application of the brake, thus instantly 
stopping the saddle feed ced. The cross slide then feeds 
out until the tracer bw the shoulder, at which point 
the longitudinal feed is re-engaged. 


‘move- 
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PHOTO-ELECTRIC CONTROL OF 
FURNACE FLAMES. 


A MEMORANDUM recently issued by the Factory 
Department of the Ministry of Labour and National 
Service*, states that the majority of the large number of 
explosions which have occurred in furnaces and ovens 
fired with gas, oil and pulverised fuel are due to the 
ignition of accumulations of unburnt gas. A small 
proportion are also caused by the inflammable vapours 
given off from the heated articles themselves, i.e., 
from varnishes and paints. Obviously, the main 
precaution to be taken in all such cases is to prevent 
such dangerous accumulations, and as in- 
flammable vapour the danger can be easily avoided 
by efficient furnace ventilation. It is found, however, 
that the most serious hazard is from the fuel supply 
itself; and in this connection it is interesting to note 
that about two-thirds of the explosions occurred during 
lighting-up. They were chiefly due to such causes as 
delays in applying a light to the burner, turning on the 
main cock when the burner cock was already open, 
leakage of gas into the oven, or incomplete lighting-up. 
Some explosions were also caused by flame failure 
after lighting-up. 

To avoid such occurrences it is recommended that 
either automatic pilots or flame-failure devices, which 
ensure that gas cannot be delivered to the burner until 
the flame is sufficiently close to ignite the gas, should 
be used; or that low-pressure valves should be 
employed to cut off the gas if the pressure at the 
burner falls below the value necessary to maintain 
the flame. Various patterns of automatic pilots are 
now available, including those of the thermal-expansion 
type, which expand or contract to open or close the 
gas valve as the temperature rises or falls. Another 
t incorporates a thermocouple so that if the flame 
fails or falls to a dangerous level current is generated 
which can be used, after suitable amplification, to 
operate the appropriate valve. 

In a third type photo-electrie control is used, an 
example of which is provided by the Radiovisor 
G.B. Flamestart. The function of this a tus, 
which is manufactured by Radiovisor Parent Limited, 
1, Stanhope Street, London, N.W.1, is to make it 
impossible for the gas to flow until the lighting torch 
has been applied tothe burner. It comprises two units : 
a photo-electric cell and an amplifier, both of which are 
contained in a single aluminium housing 5 in. by 7 in. 
by 5in. deep. This housing is mounted in any suitable 

from which a full view of the pilot flame can be 
obtained. When the torch is in position against the 
burner, light from it falls on the photo-electric cell, so 
that a relay is operated. This relay is provided with 
a contact which, together with a push-button switch, 
is connected in the pilot circuit. Depressing this switch 
closes the pilot valve and allows the gas to flow. If, 
however, the button is depressed when the lighting 
torch is not in place nothing happens. The equipment 
is very sensitive, as will be gathered from the statement 
that it operates when placed about 1 ft. away from a 
flame 1 to 1} in. long issuing from a ¥-in. diameter 
tube. The Flamestart can be connected to operate 
valves either in the main gas line or in both the main 
and pilot lines. 

In the case of oil or pulverised-fuel fired equipment 
two units are used. One of these is a receiver which is 
mounted so that a full view of the flame is obtained, 
usually through a hole in the furnace wall. This unit 
incorporates a collecting lens, which is protected by 
heat-resistant glass and fitted with a filter to reduce the 
response from the infra-red rays radiated by the hot 
brickwork. It is connected by cables to a control 
panel, which may be mounted iz any convenient 
position not more than about 20 ft. away. Should 
the flame fail the light directed on to the receiver is 
reduced or vanishes, thereby altering the current 

ted by the light cell and cutting off the anode 
current of a thermionic valve, so that a relay is 
operated. This alteration can then be used to close 
a magnetic valve or other type of control, while at 
the same time a visual or audible warning of the flame 
failure can be given. 





EaRLy Ratuways IN DERBYSHIRE: ERRATA.—We 
regret that two errors escaped detection in the list of 
early Derbyshire tramroads that was printed beneath 
the map, Fig. 5, on page 573, ante. The Mansfield and 
Pinxton Railway should have been numbered 41 (not 44) ; 
and a space should have been left between that line and 
the one above it. The tramroads connected with the 
Ashby-de-la-Zouch Canal were only three in number— 
the Ticknall, Dimsdale and Swadlincote railways, those 
following them in the Table (Nos. 41 to 44, inclusive) 
being separate units. 





* Safety in Design and Operation of Gas-Heated Ovens 
and Furnaces. London: H.M. Stationery Office. 
6d. net.] 
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LABOUR NOTES. 


Tue annual conferences of a number f trade unions 
have been taking place during the past week. At the 
annual meeting of the national committee of the 

ated ineering Union, which opened at 
Scarborough on Monday, the Union’s President, 
Mr. Jack Tanner, advised his Union’s 800,000 members 
to exercise restraint in calling for increased wages and 
improved conditions. By the end of next week, when 
the annual meeting concludes, the national committee 
will have considered 332 resolutions, a greater number 
than have come before any previous annual meeting, 
and most of them contain demands for higher wages, 
increases in overtime premiums, longer holidays, or 
shorter hours. After expressing sympathy with the 
objects of these resolutions, however, Mr. Tanner 
stated, in his presidential address, that the circum- 
stances by which such claims were affected had to be 
taken into account, and emphasised the need for 
caution. 





Mr. Tanner said that trade unionists had to recognise, 
much more clearly than they seemed to do, the complete 
change which had taken p since the last election. 
This, in turn, necessitated a corresponding change in 
trade-union policy and msibilities. To continue 
with the old policy would be worse than useless; it 
would be dangerous. The whole world had been forced 
to make a new approach, even to old problems, and it 
was not strange that the unions also, were called upon 
to do the same. This might involve them in decisions 
which were distasteful to them and unpopular with 
their members. If they took full advantage of their 
new status and their new strength to enforce maximum 
concessions now, these could come only out of capital 
at this stage and they would be consuming the only 
means with which they could build a better life. 





Britain’s economic circumstances at the present 
time were in no condition to survive a substantial 
financial drain, unless this was accompanied by a 
corresponding increase in marketable production. 
Previously, the unions had measured their success by 
the size of their members’ pay packets, but now social 
services and food subsidies had been made available 
which were of the estimated value of 2. 15s. a week to 
the average family. These represented real benefits, 
or additions to income, whichever way they were 
viewed. This success must be earned, Mr. Tanner 
concluded, and that could be done only by producing 
more. 





Unofficial strikes were condemned at the annual 
congress of the National Union of General and 


Municipal Workers, which also opened at Scarborough 
last Monday. Some five hundred delegates were 
present, ting the Union’s membership of 


Fopresce 

approximately 816,000, and only three voted against 
the resolution, which declared that the conference was 
disturbed by the incidence of unofficial strikes and 
go-slow tactics, and deplored such action by groups 
of operatives, which undermined the authority of 
trade-union executives and brought the movement 
into disrepute. They also weakened constitutional 
negotiating machinery. Proposing the resolution, 
Mr. John Yarwood, secretary for the Union’s Northern 
district, said that the strike weapon should be used 
only as a last resort and then in an orderly and well- 
planned mz er. They had no justification when 
adequate negotiating machinery existed. The resolu- 
tion was seconded by Mr. Tom Williamson, the Union’s 
general secretary, who referred to the damage done to 
the country’s economy by unofficial disputes. 





Reference was made at the annual conference of the 
N.U.G.M.W. to the wage agreement which was recently 
negotiated in the electricity-supply industry. One of 
the delegates had referred to the dissatisfaction which 
the agreement had caused, and Mr. R. G. Cook, who is 
secretary of the trade-union side of the National Joint 
Industrial Council for the industry, as well as national 
officer of the Union, replied that no employee in the 
industry would suffer any loss in wages as a result of 
the recent award. It would, in fact, provide substan- 
tial improvements for the great majority of the work- 
people in the electricity-supply industry. The British 
Electricity Authority, Mr. Cook stated, had undertaken 
to co-operate in disposing of any anomalies there might 
be, if the appropriate negotiating machinery was used. 





Strong protests at the delays by the’ Post Office in 
deciding wage claims were made at the annual confer- 
ence of the Post Office Engineering Union which 
opened at Blackpool last Monday. The annual 
report of the Union, which was presented to the 
conference, stated that the reluctance of the Depart- 
ment to make decisions on claims was becoming 
increasingly apparent. The Union maintained, in its 


report, that claims should be decided promptly, on 
their merits, and that the Post Office should not with- 
hold action until there was evidence of widespread 
dissatisfaction. The President of the Union, Mr. 
Ernest Power, in his address, referred to the Depart- 
ment’s interim award of ls. 6d. a week to motor- 
transport drivers, made in December, 1947. The 
Union had tried to secure a final settlement as long ago 
as February, 1948, but the Post Office offer in sony 
arrived only on June 16 last. Mr. Power said that to 
continue with joint production committees would be a 
waste of time, unless the Union’s claims received more 
expeditious treatment. He deplored the rejection of 
the Union’s claim for earceel” annual leave. 





Excluding persons in the employment of the Post 
Office, civilian employees in the service of Government 
Departments on April 1, 1949, totalled 459,577, accord- 
ing to a Treasury return (Cmd. 7716) published last 
Monday. This was a decrease of 79 on the total for 
January 1. Post Office staff numbered 246,620 on 
April 1, compared with 247,374 on January I, a decrease 
of 754 during the quarter. Civil servants employed by 
the Admiralty, War Office and Air Ministry, together 
with non-industrial employees of the Ministry of 
Supply engaged on defence work, totalled 111,990 on 
April 1, against 112,875 on January 1, a decrease of 
885. Persons in the employment of the remaining 
Government Departments and agencies, including the 
Stationery Office and the Ordnance Survey, numbered 
347,587 in all, on April 1, compared with 346,781 on 
January 1, an increase of 806 during the three months. 
Of this total on April 1, no fewer than 110,088 were 
engaged in Departments administering the social 
services. 





The Government has been approached to release 
miners from the provisions of the Control of Engage- 
ment Order, 1947, to enable those who wish to do so to 
find employment outside the coal-mining industry. 
The National Coal Board and the National Union of 
Mineworkers recently made a joint approach to Mr. 
Hugh Gaitskell, the Minister of Fuel and Power, on 
this question, and it is now understood to be under 
consideration at the Ministry of Labour. Unlike 
employees in other industries, miners and persons 
employed in agriculture may seek employment, within 
their respective industries, independently of employ- 
ment exc They may not, however, accept 
employment outside these industries without special 
consent. There has been concern for some time at 
the lack of recruits to the mining industry and the 
Board, together with the N.U.M., feel that there would 
be greater likelihood of obtaining increased man- 

wer, if newcomers knew that they would be free to 
eave mining should the industry not come up to their 
expectations. 





Mr. Arthur Horner, general secretary of the N.U.M., 
referred to this question in a speech at Aberfan, South 
Wales, on Sunday last. After stating that he felt it 
necessary to warn the country that a man-power crisis 
was approaching in the mining industry, which would 
mean another coal crisis unless the problem was tackled 
resolutely, he mentioned that the Union and the Board 
desired to remove miners from the “ ring fence ” of the 
Control of Engagement Order. Mr. Horner said that 
the industry’s man-power was at present some 12,000 
below the 1949 target of 736,000 and that no more than 
15,000 to 20,000 men were likely to enter the industry 
to the year’s wastage of from 60,000 to 70,000. 
At the existing rate of shrinkage, the industry’s labour 
force might be fewer than 700,000 at the end of this 
year, which was approximately the number in the 
industry when the previous coal crisis occurred, in 
1946. 





The complicated negotiations on the railwaymen’s 
claims for an all-round increase of 10s. a week and for 
time-and-a-quarter pay for work on Saturday after- 
noons have continued. Although the claims were 
originally a forward by the National Union of Rail- 
waymen alone, the Railway Clerks’ Association and 
the Asscciated Society of Locomotive Engineers and 
Firemen have joined in the discussions. The Railway 
Executive made a counter offer of small increases for 
the lowest-paid grades and the London Tra’ 
Executive a similar offer which would have benefited 
some 4,500 of the 16,000 members of the Underground 
Railway staff. The Unions rejected both these offers 
at joint meetings with the two Executives last Tuesday. 
The discussions were continued yesterday, when the 
Union representatives met the Railway Executive in 
the morning and the London Transport Executive in 
the afternoon. The N.U.R. executive are due to 


report to a resumed delegate conference next Tuesday 


and a renewed go-slow movement is iy ove 
concessions are reported which the delega 


unless 
tes will 





accept as worthwhile. 
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MECHANICAL 








Fig. 1. 


MECHANICAL ENGINEERING 
IN THE CHEMICAL INDUSTRY* 


By F. H. Bramwet, B.Sc.(Eng.), M.I.Mech.E. 


Ir is difficult to assign any particular date to the 
start of the chemical industry, as the production of 
certain chemicals dates from very early times in the 
recorded history of the world, but the year 1823 marks 
a milestone in the chemical industry because in that 
year the Salt Tax, which had risen as high as 301. per 
ton during the Napoleonic Wars, was repealed, and in 
the same year James Muspratt built a plant in Vauxhall- 
road, Liverpool, to work the Leblane process for the 
production of alkali—having established a works 
there only the previous year for the manufacture of 
sulphuric acid. In those early days of the chemical 
industry, the materials of construction which the 
chemical manufacturer had at his dis 1 were limited, 
being iargely quarried stone, brick, glass, lead, timber, 
and cast iron. 

At that time, the standard of living of the people 
was beginning to improve, and this created a large and 
urgent demand for chemicals to bleach shirts and sheets 
white, and alkalis to be used in the manufacture of 
soap. The early manufacturers were hard pressed to 
meet this rapidly increasing demand, and concentrated 
their efforts on the production of basic products, the 
by-products being allowed to escape to atmosphere. 
As, however, with the spread of the chemical industry 
throughout the world, competition became more 
severe, the chemical processes had to be made more 
efficient. By-product materials which had been dis- 
charged into the air, on to the land, or into the rivers, 
had to be turned into useful, saleable products in order 
that the chemical industry should thrive. The solution 
of the problems concerned with the collection and 
utilisation of what were originally considered as effluent 
materials, and the necessity for higher overall produc- 
tive efficiencies, gradually demanded a higher standard 
of engineering in the design and construction of the 
plants. Furthermore, the improvement of conditions 
under which the operators work from the aspects of 
health and safety has made more demands on the 
engineer. Metallurgical developments have permitted 
the successful working of many processes in the chemical 
industry which would otherwise have been impossible. 
This paper is confined to certain of the heavy chemical 
industries established on Merseyside, for the production 
of sulphuric acid, chlorine, caustic soda, and bleaching 
powder. 

Sulphuric acid is a basic chemical that enters into a 
large proportion of the trades and manufactures of the 
world. In the early part of the Nineteenth Century, 
sulphuric acid in Great Britain was manufactured 
exclusively from sulphur imported from Sicily, but in 
1838 the King of Sicily granted a yey ma on the 
export of sulphur to a French firm; this firm at once 
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increased the price to Great Britain from some 5l. to 
141. a ton. Although the monopoly was withdrawn 
later, this increase in price forced sulphuric-acid 
manufacturers to look for alternative supplies of 
sulphur, and engineers to devise thethods of using 
sulphide ores, such as iron pyrites, obtained in the first 
place from Cornish mines, 

In the early days of the use of pyrites as a source of 
sulphur, the burning of the pyrites in lump form was 
carried out in simple hand-fired burners. As the 
industry developed, engineers were called upon to 
mechanise the process, and a number of multiple- 
hearth mechanical furnaces were developed which were 
particularly suitable for burning fine pyrites instead of 
the carefully selected lumps used in the hand-fired 
furnaces. These usually consisted of a vertical steel 
cylinder, lined with firebricks and containing a number 
of horizontal or slightly arched firebrick hearths, 
circular inshape. The fine ore was fed into the furnace 
on the top hearth, and moved across the hearth by 
means of ploughs on arms attached tc a central rotating 
shaft. The pyrites was drawn into the centre of one 
hearth, where it fell on to the next shelf; it was then 
pushed to the periphery to fall again. The major 
problems to be overcome in this type of equipment 
were rapid gorrosion of the ploughs or rabbles and 
buckling of the arms, owing to the heat. Hollow centre- 
shafts and arms were developed and cooled with water. 
Difficulties were encountered in a number of plants 
using equipment with water-cooled arms, owing to 
impurities in the water forming deposits or scale inside 
the arms, and air-cooling is now common practice. 
Corrosion of the rabbles moving through the hot 
pyrites has been reduced by the use of high-chrome 
nickel alloys. The Herreshoff is one of the well-known 
furnaces of this type. 

In order to overcome some of the difficulties en- 
countered in the design of furnaces of the type described 
above, the Spirlet furnace was devised. This consists 
of four or more superimposed circular hearths, the 
first and third being stationary, whereas the second and 
fourth are rotated by on their peripheries. 
A number of wedge-shaped projections on the underside 
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of each hearth serve as rabbles for the ore. The 
rotating hearths are carried on rollers around the 
circumference, and difficulties were experienced with 
the early furnaces of this t used in Great Britain, 
until the wear on the rollers and consequential mal- 
alignment of the furnace hearths was overcome by 
case-hardening the rollers. The main advantage of 
this type of furnace is that there are no metal parts in 
contact with the hot pyrites and sulphur-dioxide gas. 

There are a number of factors limiting the maximum 
diameter of the superimposed circular-hearth type of 
furnace, and, in view of the demand for larger plants, 
engineers turned their attention to rotating tube 
furnaces. These are now used successfully for burning 
large tonnages of pyrites. The rotating tube is mounted 
on a slight slope, the pyrites being introduced at the 
higher end and the burnt ore discharged at the lower. 
Some furnaces of this type are fitted with scoops or 
projections attached to the inside of the furnace wall, 
so that the pyrites is lifted and poured through the 
combustion space. In the latest developments, finely 
divided pyrites is burnt in boiler furnaces as in a 
pulverised-coal fired boiler, and a large amount of 
waste heat is recovered as useful steam. In this type 
of equipment the concentration of sulphur dioxide may 
be as high as 10 per cent., and the boiler tubes are 
generally sleeved with cast iron to protect them’ from 
attack. The tube temperature must not be allowed to 
fall below the dewpoint of the gases. 

In order to obtain sulphuric acid from the sulphur- 
dioxide gas, it is necessary to oxidise it further to 
sulphur trioxide, and then absorb it in water. In the 
chamber process, which held the field for many years, 
oxides of nitrogen are used as a catalyst to cause this 
further oxidation. The actual oxidation takes place 
in “chambers” made from sheet lead supported on 
heavy frameworks. The size of the ber is 
dictated to a large extent by the area needed under 
summer Conditions for dispersal of the heat of oxidation, 
and formation of acid. The early chambers were 
rectangular wood-framed lead boxes built on piers, 
10 and 12 ft. above the ground, to facilitate inspection 
and repair of the bottoms, and circulation of air to cool 
the chambers. Steel framing had to be adopted at a 
later date as chamber sizes were increased, and also to 
minimise fire hazards. Difficulties due to corrosion of 
the steel are now experienced, and in this respect it is 
regrettable that pitch pine, which was an admirable 
material of construction, had to be superseded by steel. 
Chambers of this type varied in volume from 6,000 to 
over 50,000 cub. ft. 

Truncated circular chambers were introduced by 
Mills and Packard, and these are water-cooled on the 
outside. Vertical semi-circular towers are now used in 
modern installations, as shown in Fig. 1, on this page. 
The lead shell is again supportsd by steel framework, 
and considerable ingenuity has been used in the design 
to eliminate circumferential supporting straps and, 
hence, the necessity for water istributors. To-day, 
although there are still a large number of chamber 
acid-plants in existence, the proportion of sulphuric 
acid made by the “contact process” is increasing 
steadily. In this process, sulphur dioxide, after clean- 
ing and drying, is oxidised in steel vessels containing a 

latinum or vanadium catalyst supported as a thin 
Fim on silica, asbestos, or other suitable material ; 








these vessels or converters are equipped with heat 
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exchangers to maintain the temperatures of the gases 
between the catalyst stages at the required levels. The 
catalyst would rapidly become choked or lose its 
efficiency if the burner gases were not thoroughly 
cleaned of impurities. An elaborate purification train 
is required for a contact plant fed with gases from a 
pyrites burner, and this is usually made up of cyclones 
or electrostatic dust precipitators, wash towers, 
electrostatic “‘ mist ’’ precipitators, and, or alternatively, 
packed scrubbers to remove fine particles of solid or 
liquid matter, and, finally, towers through which 
sulphuric acid is circulated to dry the gas. 

Sulphuric-acid plants fed with sulphur-dioxide gases 
obtained by burning sulphur instead of sulphide ores, 
are simpler to design and operate, as there are fewer 
impurities to be removed, and there are no burnt-ore 
handling problems. In these plants the sulphur is 
first melted, and- most of the impurities are either 
skimmed off, settled out, or, in more recent years, 
filtered. The first elementary form of sulphur burner 
consisted of a shallow pan of cast iron or brick, sur- 
rounded by firebrick walls and covered by a firebrick 
arch to form a furnace. The Glens Falls burner is one 
of the early mechanical furnaces, and consists of a 
horizontal rotating cylinder lined with firebrick, and 
fed with crushed sulphur through a hopper and worm 
conveyor. The sulphur melts as it enters the rotating 
furnace, and the thin film of molten sulphur formed on 
the inside of the rotating shell burns rapidly. 

In some modern burners, the molten sulphur is 
pumped, by a pump submerged in the bath of molten 
sulphur, through steam-jacketed pipes to a spray 
nozzle in a combustion chamber, pa is burnt in the 
same, way as a jet of oil might be burnt in a furnace. 
In other plants, in order to avoid pumping troubles, the 
melting tank is mounted above the furnace and the 
molten sulphur fed by gravity on to the top of a 
pyramid of firebrick enclosed in a furnace casing. Ina 
pyrites-burning plant, the gases containing sulphur 
dioxide are purified and then dried before entering the 
converters. No gas-purification plant is required when 
sulphur dioxide is obtained from sulphur burners, and 
in order to remove the moisture it is now common 
practice in the latter type of plant to dry the air which 
is supplied to the furnace for combustion, instead of 
drying the gases leaving the furnace. The air is dried 
in sulphuric-acid scrubbing towers. In general, 
chemical plants have to be kept operating continuously, 
as serious troubles due to corrosion can occur owing to 
condensation on cooling down during plant stoppages of 
more than a few hours duration. 

In the early days, crofters bleached their material 
by boiling it in alkali and then exposing it to sun and air. 
Chlorine was found to be useful in expediting the 
bleaching process, and home-made chlorine stills were 
constructed, the gas being obtained by the oxidation of 
hydrochloric acid with manganese dioxide. The first 
commercial plants for the manufacture of chlorine were 
adapted from the crofter units, and one of the best 
known is the Weldon still. This was constructed of 
sandstone flags obtained from Yorkshire. If the stone 
was porous it was first boiled in tar. The flags were 
jointed with hemp and tar, or rubber cord, the complete 
unit being pulled together by external tie-bars. As the 
demand for chlorine increased, attention was given to 
the development of new processes to increase the overall 
efficiency, and one of the most important of these was 
the Deacon process, which was first made public in a 
paper read by Deacon at the Liverpool Meeting of the 
British Association in 1870. In this process, salt and 
sulphuric acid were reacted in heated cast-iron pans. 
The hydrochloric acid was cooled to condense the water 
vapour, and the most satisfactory material of con- 
struction for this p , at that time, was glass 














Fie. 5. Hyprocuioric-Acip Tank Waaon. 











300 ft. long. Gaseous hydrochloric acid was then 
produced from the aqueous acid, oxidised in cast-iron 
reaction chambers filled with broken firebrick saturated 
with copper chloride, and immersed in heated firebrick 
chambers. The engineering problems were formidable, 
and many years were required to develop this process. 
At the same time, chemists were working on the 
electrolytic processes for the decomposition of brine to 
roduce chlorine, caustic soda, and hydrogen. These 
e practicable as soon as it was discovered how to 
make a porous diaphragm to separate the cathode liquor 
from the anode liquor, and to allow the hydrogen and 
chlorine to be collected separately. Porous concrete 
was the first diaphragm material used, and was made by 
mixing fine salt with the concrete just prior to pouring. 
Improved types of diaphragm were developed later, 
using asbestos fibre treated with a suitable impregnant. 
For example, the Billiter cell had a horizontal cathode 
on which a layer of asbestos was first deposited, and 
which, in turn, was covered with a further layer of a 
mixture of barium sulphate and asbestos fibre. Modern 
diaphragm cells are generally equipped with vertical 
cathodes, in which the diaphragm is made from asbestos 
cloth or asbestos , as shown in Fig. 2, on page 597. 
Castner and Kellner, among others, worked on the 
electrolytic decomposition of brine, using a film of 
mercury as the cathode. Chlorine was evolved at the 
anode cell, and the sodium amalgamated with the 
mercury, which was then removed to a separate 





piping connected together, sometimes in units up to 





compartment, where the amalgam was decomposed 








Fig. 6. Turso-ALTERNATORS AND Direct-CURRENT TURBO-GENERATORS. 


with water to form pure caustic soda and hydrogen, 
The denuded mercury was then returned to the cell. 
One of the main problems to be overcome in the 
development of cells of this type was that associated 
with the transfer of mercury between the “ denuder ”’ 
compartment and the cell. Castner experienced 
numerous difficulties, owing to seizure of the pumps, and 
finally abandoned pumping and designed a rocking cell, 
in which the movement of mercury from the chlorine 
cell to the “‘ denuder ”’ compartment was carried out by 
rocking the complete cell so that mercury flowed from 
one side to the other. In the Kellner cell, the transfer 
was effected by compressed air, but it was an expensive 
method of moving # heavy material like mercury. 
Scoop wheels were then devised, and some manu- 
facturers used equipment of this type for many years. 
The problem was also solved by the use of a pump based 
on the Archimedean screw, which is in common use 
even to-day. 

Another difficulty always experienced in the design 
of mercury cells is caused by wear of the graphite 
electrodes, as this increases the gap between the anode 
and cathode, and hence, the electrical resistance of the 
cell. Numerous devices have been evolved for eas 
adjustment of the anodes without dismantling the cell, 
and at the same time maintaining gas-tight joints and 
satisfactory electrical connections. In one of the 
modern types of cell, shown in Fig. 3, on page 597, 
adjustment of the anodes is carried out by raising or 
lowering the complete top cover of the cell. These 
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covers are 30 to 50 ft. long and 2 to 4 ft. wide, and the 
problem which had to be overcome in this design was 
that of providing a satisfactory flexible joint between 
the cover and the sides of the cell. It was solved by 
po ga cons of joints made with inflatable rubber 
tu 


Early cells were constructed of slate, and it was 
uickly found that very few types of slate were suitable 
or withstanding the action of chlorine gas and caustic 
soda. Numerous difficulties were encountered when 
cells were constructed in these materials, and these 
were not overcome until concrete was used. Long 
trough-type cells were then built, from which most 
modern designs have been developed. Cells are now 
constructed of ebonite-lined mild steel. Before chlorine 
can be handled in steel equipment, it must be dried, 
and this operation is carried out by counter-current 
scrubbing in ring-packed towers irrigated with strong 
sulphuric acid. Liquefactionis then carried out, either 
by direct compression and cooling, or by refrigeration. 
A combination of compression and refrigeration is also 
frequently used. 

Before methods of liquefying chlorine were developed, 
the gas was reacted with hydrated lime to make bleach- 
ing powder, and large quantities of this material are 
still made. In Tennant’s early process, hydrated lime 
was made to react with chlorine in a chamber, again 
built of Yorkshire flagstone. The slaked lime was 
spread on the floors of these chambers, where it was 
exposed to the action of chlorine. When it had 
absorbed sufficient chlorine it was dug out by men 
whose only protection from the chlorine fumes was a 
“‘ muzzle”’ of several thicknesses of flannel tied over 
the nose and mouth. Difficulties were experienced in 
the early chambers, owing to the slow removal of the 
heat of reaction from the stone walls. Chambers 
were then constructed from lead, the designs being 
based on those for the chambers used in sulphuric-acid 
manufacture. They were frequently 6} ft. high, 20 ft. 
or more wide, and up to 100 ft. long. The floor was 
covered with large stone flags or tiles, to protect the 
lead against mechanical damage. In order to expedite 
the rate of a tion, chambers such as Deacon’s 
were developed with a number of trays, over which the 
hydrated lime was thinly spread, and when the chlorine 
absorption was eomgietedl the bleach was removed 
manually by long rakes. 

Attempts were then made to mechanise these opera- 
tions, one of the first successes being achieved by 
Hasenclever. ‘*his equipment comprised a number of 
cast-iron tubes, arranged in series and mounted one 
above the other. Lime was fed in at the top and 
bleaching powder removed from the bottom, and the 
chlorine was counter-current through the 
apparatus. The movement of the powder through 
the tubes was effected by means of rotating cast-iron 
paddles; the chief difficulties experienced were due 
to compression of the bleach at the pasty stage and the 
formatiow of marble-like deposits which resulted in 
jamming and breaking of the paddles. Rudge and 
Moore, working independently on Merseyside, im- 
proved the process further by using rotary tubes 
similar to those commonly used in the cement industry, 
and many modern bleaching-powder plants now 
employ equipment of this type. A modern rotary 
bleach tube is constructed of steel, lined with tiles or 
concrete, and fitted with shelf-type powder lifters. 
The Herreshoff superimposed shelf t; of _——- 
used for burning pyrites, has been pted by Back- 
mann for the manufacture of bleaching powder. Ver- 
tical concrete water-cooled shells are used, with rotating 
arms and rabbles driven through a central shaft. When, 
however, bleaching powder is required for export, and 
particularly for hot climates, a stable product is essen- 
tial, and the rotary bleach tube is more suitable for the 
manufacture of a product of this type. 

In the early days, glass and stoneware carboys, pro- 
tected from mechanical damage by light metal shies 
packed with straw, were practically the only packages 
available for the transport of acids, and for certain 
special purposes they are still employed. The bulk of 
the sulphuric acid transported about the country to-day 
is in road and rail tank wagons. Lead-lined tanks are 
used for dilute sulphuric acid, but with strong sulphuric 
acid mild-steel tanks are suitable, since the attack on 
mild steel is negligible. Soft- and hard-rubber lined 
tankers are used for hydrochloric acid and other pro- 
ducts. In the orthodox type of rail tank wagon, the 
tank is clamped to the undercarriage, and headstocks 
are fitted to prevent longitudinal movement during 
shunting operations. These do not stop all movement, 
and failures of the relatively brittle ebonite linings have 
occurred. One method of overcoming this difficulty is 
to use compound linings of hard and soft rubber, the 
latter material forming a cushion between the steel 
shell and the ebonite. Wing-plate mounted tank 
wagons, of which an example is shown in Fig. 5, 
= are now being used, as the tanks are rigidly 
bolted to the undercarriage and no headstocks are 
required. Also, the vanks are more easily cleaned 
externally in the unfortunate event of spillage during 


filling operations. Solid-drawn cylinders holding 70 or 
150 lb. of material have been used for some years for 
the transport of liquefied chlorine and other liquefied 
gases. Forge-welded containers, holding from 17 cwt. 
to 13 tons, or more, of chlorine, were ultimately intro- 
duced. 

Large tonnages of chlorine and other liquefied gases 
are now transported in road and rail tank wagons. 
Fusion-welded tanks have been approved since the 
development of the examination of welds by X-rays. 
Class 1 fusion-welded pressure-vessels are used in 
many industries, but, although all the main longitudinal 
and circumferential welds can be easily X-rayed, the 
methods of construction used to attach small-bore 
branches and manholes to the main shell are such that 
these welds cannot be examined properly. The 
difficulty with chlorine is that the gas is very corrosive 
if moisture is present, and tanks to hold it must be 
very carefully dried out after the hydraulic test. Small 
pinholes or impurities in minor welds of the type men- 
tioned can hold moisture and result in a smal) leak of 
chlorine, which will rapidly increase when the gas pene- 
trates to the outside of the tank. Chlorine tanks may 


be filled at a temperature of — 45 deg. C., and may be | eggs. 


transported for some distance before the temperature 
rises. The Izod value of steel is low at these tem- 
peratures, and care must be taken to avoid notch 
effects. 

Forty-ton rail tank wagons are used for the trans- 
port of caustic liquor. They must be in the fully 
annealed condition to avoid trouble due to caustic 
embrittlement. Tank wagons with the barrel con- 
structed of aluminium or austenitic steels are in com- 
mon use for other chemicals. Glass enamel-lined tanks 
are sometimes necessary, and concrete-lined mild-steel 
tanks have been used; drums are used for smaller 
quantities. Hopper-type wagons are used for the 
trans of free-running dry salt, but large quantities 
of salt are also transported in standard rail wagons, 
and difficulties arise owing to leakage of salt on to the 
wagon axles, which may then fail owing to corrosion- 
fatigue. Routine supersonic testing of the axles of all 
wagons in this traffic is now being considered. 

Before electric motors became available, small steam 
engines were used to drive pumps, fans, kilns, and other 
plant. Large numbers of single-cylinder steam engines 
were scattered round the works, and were generally fed 
with very wet steam, at a pressure of about 40 Ib. per 
square inch, exhausting directly to the atmosphere. 
Other works contained long and cumbersome line- 
shafts and countershafts, driven by larger steam 
engines. The usual method of supplying steam to these 
engines was from hand-fired Lancashire boilers, work- 
ing at a pressure of not more than 60 lb. per square inch. 
Electric motors are now used almost invariably as 
prime movers, unless large speed variations are required, 
when back-pressure steam engines may be economical 
for large drives. Flameproof motors are essential for 
some plants, and compressed-air or hydraulic motors 
are used for small drives under exceptionally hazardous 
conditions. 

The continuous processes of the heavy chemical 
industry igastienadr the electrolytic processes) pro- 
vide an ideal base load for an electric —_ plant, 
as, even with an adequate provision of spare plant, the 
average annual load achieved can be as high as 70 per 
cent. of the installed plant capacity—a figure not often 
obtained even by the base-load stations of the grid 
system. Efficiencies of over 27 per cent. and low costs 
of electric energy have been achieved. By using 
boiler pressures of the order of 650 Ib. per square inch, 
the low-pressure steam required in many chemical pro- 
cesses for heating purposes can be obtained from pass- 
out or back-pressure turbines, with a reduction in the 
cost of the electrical energy or steam, or of both. 
Any such system, however, must have flexibility of 
operation in order to maintain a balance between the 
requirements of steam and electrical energy. 

It may be of interest to trace the various stages in the 
development of the power station attached to a par- 
ticular electrolytic works in the Merseyside area. In 
the earliest installation, which was started in 1897, 
230-volt direct current was generated directly, the 
dynamos being driven by 200-h.p. Willans and Robin- 
son vertical triple-expansion engines, supplied with 
steam at a pressure of 160 lb. per square inch from hand- 
fired boilers 30 ft. long and 8 ft. in diameter. A little 
later, Babcock and Wilcox water-tube boilers were used 
to supply steam at 200 Ib. per square inch to 450-h.p. 
Mather and Platt triple-expansion high-speed condens- 
ing steam engines, again driving direct-current dyna- 
mos. In 1903, owing to the high selling price of 
sulphate of ammonia, obtained as a by-product from 
a Mond gas-producer plant, it became cheaper to use 
gas engines for driving the generators, and various 
engines, from 200 to 2,000 h.p., were installed for that 
purpose. In 1926, the price of sulphate of ammonia 
had fallen to such a low figure that steam-driven prime 
movers egain @ more economic, and Babcock 
and Wilcox stoker-fired water-tube boilers were installed 








to supply steam to 4,500-kW Parsons geared condens- 


ing turbines, still %driving 230-volt direct-current 
generators. 

The next stage was to go to higher steam pressures, 
and, in 1927, stoker-fired water-tube boilers were 
installed to supply steam at 575 lb. per square inch to a 
Parsons geared condensing turbine of 600 kW, still 
driving direct-current dynamos. In 1929, a Babcock 
and Wilcox boiler, fired with powdered fuel, was in- 
stalled. In 1935, a change was made, in the generation 
of high-voltage alternating-current obtained from 
Parsons 15,000-kW condensing turbo-alternators (as 
shown in Fig. 6, opposite), supplied with steam from 
Babcock and Wilcox powdered-fuel fired boilers 
working at 625 lb. per square inch, the alternating- 
current being transformed down to a lower voltage and 
then fed to 3,000-kW motor-converters to give the 
direct current required for the electrolytic process. 
Further turbo-alternators of an even greater capacity, 
and others arranged to pass out low-pressure steam, are 
now being installed. 

In the early days of the chemical industry, corrosive 
liquids were transferred by applying air pressure over 
the surface of the liquid in vessels known as “ blow 
-” This system is still used to-day for small-scale 
batch operations, and the same principle is used in 
certain pumps, which consist, in effect, of two “ blow 

” with an independent motor-operated valve which 
admits air pressure, first to one and then to the other 
blow chamber. When conditions permitted, steam- 
driven ram pumps were used, but these were usually 
unreliable and large-capacity head tanks had to be 
installed at the highest point in each system to smooth 
out fluctuations in supply. When electric motors 
became available, steam-driven pumps were quickly 
replaced by horizontal centrifugal pumps. Generally 
speaking, pumps of this type are simple in design and 
construction, and have few working parts liable 
to cause trouble. 

The main problem to be overcome in the chemical 
industry is leakage from the stuffing boxes. A small 
leakage of water or non-corrosive liquid may not cause 
inconvenience, but drips of strong acid may result in 
heavy corrosion of the pump baseplate or supporting 
structure, as well as floors and drains. The orthodox 
type of stuffing box is only satisfactory when gyration 
of the shaft is reduced to an absolute minimum. 
Relatively soft packing materials and lubricants are 
required, both of which must be chemically resistant to 
the material being handled. In order to overcome the 
difficulties due to gland leakage from horizontal pumps, 
attention has been given to designs of glandless ma- 
chines, or pumps with glands which are not subjected 
to hydrostatic pressure. Submerged pumps, with a 
vertical spindle carried above the level of the liquor in 
the pumping tank, have overcome many problems, 
particularly in the sulphuric-acid industry. Self- 
priming pumps mounted above the tank have proved 
useful for certain duties, as with these machines the 
gland can be under suction, and if there are any small 
gland leaks they can be arranged to flow back directly 
into the tank. “‘ Mechanical seals” are now being 
used by a number of pump manufacturers, and the use 
of these will be extended in the chemical industry, pro- 
vided that suitable materials of construction for the 
spring-loaded rubbing surface can be obtained, and 
that the liquids to be pumped are of a non-abrasive 
nature. 

Pumps made from a large number of metals and 
alloys are available but non-metallic materials are 
occasionally essential to resist the corrosive fluid. 
Ebonite-lined centrifugal pumps have been developed 
to a very satisfactory stage for materials like hydro- 
chloric acid, and soft-rubber lined pumps are used for 
abrasive slurries. Pumps made from carbon or graphite 
impregnated with a resin show great promise for certain 
duties. It is sometimes necessary to use pumps in 
which the parts in contact with the liquor are ¢on- 
structed of chemical-resistant stoneware, and with this 
type of machinery great care must be taken to prevent 
foreign matter from entering the system, over-tightening 
of the gland, or operation of the pump when empty. 

Some very difficult problems have to be solved when 
compressing corrosive gases. The machine originally 
used for the compression of chlorine consisted of U-legs 
filled with strong sulphuric acid, which was moved up 
and down by compressed air, or by a reciprocating 
plunger in one leg. It is interesting to note that some 
modern machines used to-day employ the same prin- 
ciple, except that they are of the rotary type in which 
an impeller rotates in an oval casing which is partly 
filled with strong sulphuric acid, as shown in Fig. 4, 
opposite, which illustrates the Nash Hytor gas com- 
pressor. The sulphuric acid is forced to move radially 
in and out of the space between the impeller and the 
casing, thus producing the same liquid-piston effect as 
in the cumbersome old-fashioned pump. Machines of 
this type are not very efficient as regards power eon- 
sumption, when compared with the more orthodox 
type of gas compressors, but efficiency has to be 
sacrificed to obtain reliability. Reciprocating com- 








pressors fitted with carbon rings are sometimes used 
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for the compression of dry chlorine. In other cases, 
compressors with metal piston-rings are used, and 
lubricated with sulphuric acid. Oil-lubricated com- 
pressors cannot be used until lubricants become avail- 
able which will withstand chlorine. Even when there 
is no chemical reaction between normal lubricants and 
the gas to be compressed, it is often necessary to avoid 
lubricated compressors in order to prevent contamina- 
tion of the gas with the lubricant. There are several 
types of rotary com available to compress gas 
to pressures up to a 50 Ib. per square inch gauge, 
and, in most of these, inter-meshing rotors are used 
which do not make actual contact with each other. 
Rotating machines with the minimum amount of 
rubbing surface are preferred for most chemical pro- 
cesses. Dia compressors are also of interest, 
and there is for development in this field. 

One of the greatest problems to be faced in the design 
of any chemical plant is that of corrosion. Vast 
amounts of money are spent annually on the replace- 
ment of plant and equipment that has failed owing to 
corrosion, and the combined efforts of the engineer, 
chemist, and metallurgist must always be directed 
towards this problem, in one form or another, to reduce 
expenditure. Materials of construction include metal- 
lic and non-metallic materials, and the latter class still 
plays an important part in the industry. As 
mentioned, quarried stone (usually Yorkshire “ flags,” 
but sometimes “ Volvic ” stone) was used, and many of 
the old plants had a very long working life. The 
“ flags” were usually 6 in. thick or more, and joints 
were made with hemp and tar or rubber. One of the 
major disadvan of this material was its unsuit- 
ability for transfer-heat. The modern equivalent of 
Yorkshire “ flags” is acid-resisting brickwork or tiles, 
and these are still essential for some duties. When 
using these materials in a chemical plant, great attention 
must be paid to the quality of the product, particularly 
chemical resistance, crushing strength, ity, and 
resistance to thermal shock. A very high standard of 
bricklaying is required for this type of work, and the 
joints between the units in a tile-lined vessel should be 
as thin as possible. This is only practicable if the 
brickwork is manufactured to close tolerances. Experi- 
ence during recent years has shown that joints of a 
width not greater than } in. can readily be achieved by 
good workmanship and the use of accurately made units. 
If grinding equipment is used during construction, 
unifcrm joints 4 in. thick can be obtained. Develop- 
ment work is always proceeding on new acid-resisting 
cements to bond ceramic materials, but it is sometimes 
difficult to obtain a cement with the necessary resistance 
to corrosion, which will at the same time provide good 
adhesion between the surfaces to be jointed. Cast-iron 
pots lined with a double layer of tiles, by techniques 
similar to those described above, are now quite standard 
items of equipment to withstand boiling hydrochloric 
acid and other corrosive substances. Large steel 
shells lined in a similar manner are operating quite 
satisfactorily with boiling sulphuric acid. 

Most common metals and their alloys are used in one 
form or another in the construction of chemical plant, 
and, in a medium-sized factory handling a range 
chemicals, the i is faced with the problems 
involved in the fabrication and repair of equipment 
manufactured from a large number of di t 
materials. Aluminium, copper, lead, nickel, and their 
alloys are in common use, and some of the precious 
metals, such as silver, are occasionally used, as well as 
large quantities of cast-iron, steel, and alloy steels. 
Development of the chromium-nickel austenitic steels 
has been of great assistance. The 18-8 chromium- 
nickel steels are an im nt class, but the small 
quantities of other elements added have a very impor- 
tant effect on the corrosion resistance under certain 
conditions. 

Plastics have gradually been added to the range of 
materials. The phenol-formaldehyde group of thermo- 
setting plastics was one of the first to be introduced, 


already | taken to remove all sharp corners and projections. The 


of | instruments beyond the simple manometer, pressure 


and polythene, are now becoming available in in- 
creasing quantities. These latter materials have a high 
corrosion resistance in certain fields, but they suffer 
from a common disadvantage in that they have a 
relatively low melting point. Thermo-plastic materials 
with higher melting points, however, are being devel- 
oped, one of the most promising being polytetrafluor- 
ethylene, which does not soften until it reaches a tem- 
perature around 330 deg. C. Nylon is also used for some 
purposes, and its uses will probably increase. Rubber- 


large scale, particularly in hydrochloric-acid processes. 
Solid ebonite piping is also used, with buttress type 
flanges. When soft rubber is used, the lining and 
repair of vessels can easily be carried out on the site, 
and there are no limits to the size of vessel which can 
be lined. Hard-rubber linings of the ebonite type are 
obtained by lining the vessel with special grades of soft 
rubber and then steam curing, preferably in special 
vulcanising pans, so that the complete vessel is main- 
tained at a uniform temperature. Curing can be 
effected on the site, by lagging the vessel and then 
filling it with hot water or steam at the required pressure, 
but shop vulcanising is preferable for hard ebonite. 
When equipment is to be lined with rubber, lead, 
plastic, or any other soft material, great care must be 


surfaces to be lined must also be clean and reasonably 
smooth, so that a good bond can be obtained between 
the shell and the lining, without pockets of trapped air, 
which may cause blistering of the lining. Difficulties 
frequently arise when lined vessels are to operate at 
temperatures above atmospheric, owing to differential 
expansion of the shell and lining. The difficulties with 
lead and austenitic-steel linings are well known, and 
have been overcome to some extent, in the former case, 
by “ homogeneous ”’ lead linings, in which the lead is 
bonded to the steel with a suitable flux, and, in the 
latter case, by the use of “clad” steels. When using 
clad steel for the design of pressure vessels at high 
temperatures, care must be taken to allow for the 
additional stress introduced due to the different 
coefficients of expansion of the two materials. 

The most difficult problems arise when plant must be 
built to resist two or more different chemicals. Some 
cements, although resistant to acids, are soluble in 
water, and very few cements are able to withstand the 
action of both acids and alkalis. Rubber-lined equip- 
ment is suitable for hydrochloric acid, but is useless 
for solvents, and this combination is quite common in 
some . Also, corrosion resistance frequently 
decreases rapidly with increase in temperature, and 
although a material may be quite suitable for use at 
atmospheric temperatures, it may be entirely unsuitable 
with a temperature rise of as little as 40 deg. C. As the 
rate of reaction of a large number of chemicals increases 
with temperature, the conditions under which the 
reaction can be carried out are frequently fixed by the 
materials of construction available, and are not the 
best from the purely chemical viewpoint. 

The primitive methods of operating chemical plants 
in the Nineteenth Century did not call for the use of any 


gauge, and mercury-in-glass thermometer, but as the 
complexity of the chemical processes increased, it 
became necessary to have a more rigid control of plant 
variables in order to produce the required quality of 
uct. Flow-metering devices of the orifice-plate 
and positive-displacement types were developed, and 
the simple glass thermometers were replaced on all 
but the most corrosive applications by distant-reading 
thermometers of the liquid-filled, electrical-resistance, 
and thermocouple t Instruments designed to 
give a continuous record of the chemical composition 
of gas and liquid streams have also been introduced, 
and the use of equipment of this type has led to improve- 
ment in process efficiencies, and better and more 
uniform PP er products are obtained by closer control 
of reaction conditions. At present, pneumatic control- 


and ebonite-lined steel vessels and pipes are used on a | sim 


courses for engin 
In the heavy chemical industry, the greater part of the 
work involved in the design and operation of plants will 
probably continue to be undertaken by chemists and 
engineers working as a team, and the 
method of training appears to be preferable. 
has been taken, in making these remarks, to limit 
them to the heavy chemical industry, and a further 
limitation is that they apply particularly to organisa- 
tions of sufficient size to employ both first-class engineers 
and first-class chemists. 
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control-equipment, owing largely to the increasing 
number of plants on which it is necessary to employ 
flameproof equipment. It is probably true to say 
that, at the present time, any variable which can be 
recorded can also be automatically controlled. Thus 
pressure-, temperature-, and flow-controllers are quite 
common, and automatic control from analysis instru- 
ments is feasible, providing the sampling lag involved 
in making the measurement is not too great. The 
ae of a plant with instruments does not consist 
imply in ordering the instruments and installing them. 
In the early design stages of the plant, detailed consi- 
deration must be given to the possible advantages to 
be obtained from a control room or central panel, as an 
arrangement of this type frequently leads to the most 
economical use of labour. It is n Es 
however, to rd against the tendency to centralise 
the control of all plants, since with some processes no 
advantages are to be obtained. 

From what has been said regarding the type of 
equipment necessary in a modern chemical factory, it 
will readily be realised how essential it is that the repair- 
workshop facilities in such a works should be adequate 
for the maintenance of the plant and equipment. Ina 
continuous process, a breakdown in any operation can 
lead to financial losses many times greater than the cost 
of repair of the equipment, and every effort is made to 
eliminate unforeseen breakdowns by the establishment 
of planned maintenance. The maintenance workshops 
in a chemical factory should be of such capacity that 
they can handle expeditiously repairs necessary as a 
result of major plant breakdowns, and they are usually 
equipped with light, medium, and heavy machining 
facilities, plating and welding facilities for a wide 
variety of materials, equipment for pipe fabrication, 
lead burning, and wood working. Attention is now 
being given, both by plant manufacturers and by 
chemical manufacturers, to the provision of special 
workshop equipment to deal with the fabrication of 
plastic materials. 

This brief outline of the equipment used in a few 
sections of the chemical industry is an indication of the 
variety and complexity of the problems that arise. 
There is ample scope in the industry for engineers with 
a high standard of technical and practical knowledge, 
for design, development, construction, and maintenance 
work. As anton Oa the positions of the mechanical 
engineer and the chemical engineer in the heavy 
chemical industry, opinions vary greatly, so that views 
expressed on this subject must be taken as the author’s 
personal views. In this country, at the present time, 
chemical engineers embrace two distinct classes of 
men: those whe are primarily engineers who have had 
sufficient experience in the chemical industry to enable 
them to deal with the design and maintenance of 
chemical plants; and those who are essentially 
chemists, but who have, by practical experience in the 
works, acquired sufficient general engineering know- 
ledge and experience to deal with all the normal day- 
to-day problems of plant operation and maintenance. 
Some university courses have recently been introduced 
in this country with the idea of training men as chemical 
engineers, while in other universities post-graduate 
ineers and chemists are being 
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